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What becomes buildable when you stop treating gauge freedom
as redundancy.

DR. PAUL WILHELM
& /PR 21,2026

100 QUESTIONS

Part 3: Engineering

Parts 1 and 2 covered the theory and the evidence. This is where it gets
practical. If the scalar-longitudinal sector is real, what engineering
design space opens up? What can you build that the standard
formulation can't even describe?

Twenty-five questions about engineering implications, device
concepts, and the expanded design space.
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51. What engineering design space does potential
primacy open?

Standard EM gives you 6 design parameters: three components of £
and three of E. Amplitude, frequency, polarization. The potential-
primary formulation gives you 16 kinematic components of 0_uA_v. The
additional 10 include gauge choice, topology, phase configuration, and
scalar-longitudinal coupling. Gauge freedom isn't redundancy. It's the
expanded parameter space.

52. What is scalar-longitudinal wave engineering?

Designing systems that exploit the SL mode’s unique properties: skin-
effect immunity (no £, no eddy current blocking), potential-sector
penetration of Faraday enclosures (the E-field is screened by charge
relaxation, but the potentials pass through — Aharonov-Bohm), 1/r?
attenuation, monopolar reception. Applications: potential-mediated
communication through conductive barriers (metal, water, rock, tissue),
sensing through reactor vessels and biological tissue, energy
transmission through walls.

53. Is through-barrier communication possible
today?

The VPT patent (US 9,306,527) describes it. The NASA BPP program
documented it through dielectrics. Neither constitutes independent
replication with the full three-test discriminator. The engineering
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possibility is supported but not confirmed at the level required for
commercial deployment. The gap between “patent granted” and
“product on the market” is the discriminator experiment.

54. What is vacuum coupling via potential
configurations?

The dynamical Casimir effect (Wilson 2011) showed that modulating a
potential configuration creates real photons from the vacuum. Toroidal
geometries generate E-field patterns extending far beyond the device,
where £ and £ vanish. At resonant frequencies, the vector potential
disturbance is maximized through constructive interference. Systems
that are electrically closed could in principle be open in terms of
potential coupling. The field-primary formulation can't even formulate
this possibility.

55. Can electromagnetic configurations produce
gravitational effects?

In the Kaluza-Klein framework, A_u is part of the 5D metric.
Electromagnetic configurations that maximize A-field disturbances in
field-free regions could in principle probe gravitational degrees of
freedom. NASAs BPP program explored this with toroidal geometries.
No positive gravitational results were reported. The theoretical
possibility exists. The experimental confirmation does not.
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56. What is the Stueckelberg parameter space in
engineering terms?

A map of what'’s buildable. Standard Maxwell sits at one point (y =1, m
= 0). Every direction away from that point leads to the scalar-
longitudinal sector. Along the mass axis: Proca devices exploiting
massive photon behavior. Along the gauge axis: EED devices exploiting
the freed Lorenz constraint. The parameter space tells you that any
device operating away from the standard point accesses the same
hidden sector.

57. What is phase engineering?

SQUIDs already exploit flux quantization ( § E-dl = n(h/2e)), which is a
macroscopic consequence of engineering the vector potential
configuration. Berry’s geometric phase (1984) generalizes the principle:
engineering the connection (the potential configuration) engineers the
phase evolution of quantum systems. The question isn't whether phase
engineering works. It does. The question is what further applications
become visible when the full potential hierarchy is available as design
space.

58. What is gauge freedom as a design parameter?

Within the space of all potential configurations producing the same
fields, different configurations produce different non-field effects:
different AB phases, different vacuum polarization, different topological
structures, different flux quantization states. The canonical momentum
p = mv + qE is gauge-dependent, but it's what the Hamiltonian uses
and what superconductors enforce. The “gauge-dependent” part carries
the engineering content.

59. What is toroidal phase factor engineering?

The torus is the simplest multiply connected geometry producing field-
free regions with nonzero £. Under specific excitation conditions, its



topology can promote the gauge group from U(1) to SU(2), enabling
non-Abelian phase factors with no representation in terms of fields
alone. Engineering the topology of the potential configuration, not just
the amplitude of the fields, is the distinctive capability.

60. How would spectrum doubling work?

Transverse and longitudinal modes are orthogonal. They don't interfere.
In principle, both could occupy the same frequency band
simultaneously, doubling spectral capacity. Monopolar antennas (blind
to transverse) provide the physical demultiplexing mechanism.
Analogous to polarization multiplexing in fiber optics. Depends entirely
on confirmed mode separability from the discriminator experiment.

Leave a comment

61. What would a scalar-longitudinal transmitter
look like?

A toroidal coil geometry designed to produce £ = 0 in the exterior
while maintaining nonzero £. The coiled-coil VPT topology is the
reference design. The critical parameters: winding ratio (inner vs outer),
core material (ferrite for flux concentration), drive frequency
(determined by geometry and desired range), and topology verification
(£ = 0 exterior confirmed by magnetometer survey).

62. What would a scalar-longitudinal receiver look
like?

A monopolar antenna: a single conductor element measuring scalar
potential gradients rather than transverse field oscillations. Not a dipole.
Not a loop. A probe that responds to o¢p/dt and V-E independently of
any magnetic field. The receiver design is simpler than the transmitter
because it's passive detection rather than active generation.



63. Can existing RF infrastructure detect the SL
mode?

Standard dipole antennas and loop antennas are blind to it by design.
They’re engineered to detect transverse E and E A monopolar probe
is required. This means the SL mode could exist in the ambient EM
environment right now and standard instrumentation wouldn't see it.
The absence of detection isn't evidence of absence when the detector
is mode-selective for the wrong mode.

64. What about medical applications?

The SL mode penetrates biological tissue without B-field attenuation. If
it couples to cellular processes, diagnostic applications follow: imaging
through tissue and bone without MRI magnets. The “scalar wave
therapy” market (EES System, Rife-derived devices) already exists at
scale with zero physics foundation. EED could provide the first rigorous
theoretical basis. But most existing devices likely produce standard EM
with marketing labels. The three-test discriminator applies to medical
devices too.

65. How do you distinguish a real SL device from
marketing?

The same three tests. Does it produce & = 0 with nonzero £? Does the
signal penetrate a Faraday cage? Is it receivable by a monopolar
antenna but not a dipole? If the manufacturer can't demonstrate these,
the “scalar” label is marketing regardless of the price tag. I've seen
devices selling for $120K that fail all three tests.

66. What is the generalized Poynting vector?

Van Vlaenderen'’s extension: P =
The standard Poynting vector E

x Il

= - £S5, where S is the scalar field.
captures transverse energy flow.

X



The -ES term captures scalar-longitudinal energy flow. For SL waves
(£ = 0), the entire energy flux is through the -ES channel. Standard
energy accounting misses this channel entirely because S is constrained
to zero by the Lorenz gauge.

67. Could SL waves carry power wirelessly?

In principle, the -ES channel carries real power without magnetic fields.
This is what Tesla was pursuing at Wardenclyffe. At lab scale, power
transmission through barriers has been demonstrated (VPT patent). At
grid scale, the 1/r? attenuation is the engineering challenge: SL waves
lose power faster with distance than transverse radiation (1/r). Long-
range wireless power via SL mode faces a steeper distance penalty
than standard RF.

68. What's the connection to metamaterials?

Kaelberer (2010, Nature Materials) showed metamaterials require
toroidal dipole moments, a third multipole family beyond electric and
magnetic. Standard EM can't represent toroidization because it requires
longitudinal-transverse potential interplay that gauge fixing suppresses.
Metamaterials engineering is already operating in territory that the
standard formulation can't fully describe.

69. What role does the superpotential play in
engineering?

Mead (2000) showed the superpotential X (defined by & = V, ¢ = dx/
ot) is directly proportional to the quantum phase in superconductors: X
= (h/qg)6. Engineering X is engineering quantum phase. The
superpotential sits above the four-potential in the hierarchy. Accessing
it opens a design space above even the expanded potential-primary
level.

70. Can you build a gravitational sensor from EM
components?



If Li and Torr's gravitomagnetic London moment prediction holds, a
rotating superconductor generates a measurable gravitomagnetic field.
This would be a gravitational sensor built from electromagnetic
components: a superconductor, a rotation stage, and a precision
accelerometer. The experiment hasn’'t been done cleanly. The prediction
is 30+ years old and awaits dedicated testing.
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71. What's the engineering significance of the
Lorenz gauge being an algebraic identity?

At the Hertz potential level, the Lorenz gauge isn't an external
constraint. It's an automatic consequence of 62 = 0. This means the
“physics” we impose by hand at the four-potential level is just algebra
at a deeper level. Engineering at the Hertz potential level means the
Lorenz constraint isn’t a restriction. It's built into the structure. You can't
violate it because it's not a law. It's a tautology.

72. How does the potential hierarchy affect
antenna design?

Standard antenna theory operates at the field level: radiation patterns
of £ and £. The potential hierarchy shows that above the field level,
there’s a richer structure (four-potential, Hertz potential, Whittaker
scalars, scalar wave equation). Each level offers additional design
parameters. A monopolar antenna designed from the potential level up
would exploit mode selectivity that field-level design can’t access.



73. What does “gauge desigh space” mean
practically?

Two configurations of & that produce identical £ and £ can produce
different quantum phases (AB effect), different flux quantization states
(superconductors), and different topological structures (toroidal vs.
simply connected). Choosing between these configurations is “gauge
design.” It's invisible in the field-primary formulation because all these
configurations look identical in terms of £ and £. The engineering
content lives in the difference.

74. Is any of this commercially viable today?

Not at the product level. The scalar-longitudinal mode awaits
independent replication with the three-test discriminator. Without that
confirmation, any commercial device claiming SL functionality is selling
a prediction, not a verified capability. The engineering design space is
real, the theory is peer-reviewed, the parameter space is mapped.
What's missing is the experiment that closes the loop.

75. What's the fastest path to a working
prototype?

COMSOL simulation first (custom PDE module, Stueckelberg Lagrangian
with y = 1). If the simulation reproduces the predicted signatures
(Faraday penetration, monopolar reception, 1/r? attenuation), build the
apparatus. VPT geometry, Faraday cage, monopolar probe, distance
sweep. The simulation paper and the experimental paper are
independently publishable. Bench-scale hardware --- no university lab

required.



Part 3 of 4. 75 questions down, 25 to go.

https://advanced-rediscovery.com/research/deleted-degrees-of-
freedom

Everything behind the questions — the full derivation chain, the three-
test discriminator, the experiment design, the 10 papers that matter —
lives in The EED Playbook. Paid subscribers get the PDF.

=] Next: Part 4: Open Questions. What we don’t know, what needs to
happen, and where this connects to the rest of physics. The final 25.
Friday.
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