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Chapter 1

Chrono-Coil Measurement and Feedback System
Specification

1.1 Chrono-Coil Measurement and Feedback System Specification

1.2 Purpose and Objectives

The goal of this system is to provide real-time, closed-loop control of local time flow inside a chrono-coil
working volume with sufficient precision to enable practical applications (e.g., crew-cabin time synchronization
for interplanetary travel).

Primary Objectives:

• Measure the local time-flow ratio (µ) with fractional precision better than 10−15

• Derive the apparent spin-quanta frequency of gyrotrons inside the working volume in real time

• Maintain a user-selected target µ (or frequency offset) with closed-loop feedback

• Enable independent control of propulsion gradients and crew-cabin time flow

Key Quantities (from Uniphics Manuscript):

• Reference constant: k = 4.64159× 1018 J/m3

• Time flow: tflow = k/Ed,total

• Time-flow ratio: µ = tflow,inside/tflow,outside

1.3 System Architecture Overview

The system consists of three tightly integrated subsystems:
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1. Measurement Subsystem – Optical atomic clock comparison (primary sensor)

2. Control Subsystem – Real-time signal processing and feedback algorithm

3. Actuator Subsystem – Chrono-coil drive electronics (frequency, phase, amplitude control)

1.4 Measurement Subsystem – Optical Atomic Clocks

1.4.1 Primary Sensor: Dual Optical Lattice Clocks

Recommended Technology:
Strontium-87 (87Sr) or Ytterbium-171 (171Yb) optical lattice clocks with fractional frequency stability better than
1× 10−18 (1-second averaging).

Physical Configuration:

• Clock A (Reference): Located outside the chrono-coil assembly in a controlled, low-Ed environment

• Clock B (Sensor): Located inside the chrono-coil working volume (center of the 3D orthogonal toroid
assembly)

• Both clocks are identical and synchronized via fiber-optic link for common-mode noise rejection

Measurement Principle:
The ratio of the two clock frequencies directly yields the time-flow ratio:

µ =
fClock B

fClock A

From µ we calculate:

• Local total energy density: Ed,total = k/(µ× tflow,outside)

• Apparent spin-quanta frequency: fapparent = f0 × (1/µ) (where f0 ≈ 1.24× 1020 Hz for electron gyrotron)

1.4.2 Performance Requirements

Parameter Requirement Rationale

Fractional frequency stability ≤ 1× 10−17 (1 s) Detect µ shifts as small as 10−5

Measurement bandwidth ≥ 10 Hz Enable closed-loop control at 1–10 Hz update rate
Temperature sensitivity < 1× 10−18 / mK Minimize environmental drift
Radiation hardness Survive 10 krad total dose Space-qualified versions available
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1.5 Control Subsystem – Closed-Loop Feedback

Controller Type: Model-Predictive Control (MPC) with fallback to PID
Update Rate: 10–100 Hz

Control Objectives (user-selectable modes):

1. Hold constant µ (crew cabin synchronized to Earth time)

2. Ramp µ at controlled rate (smooth time-flow transitions)

3. Create directional Ed gradient for propulsion while holding cabin µ constant

1.6 Actuator Subsystem – Chrono-Coil Drive Electronics

Coil Geometry (from Chapter 13):

• Three orthogonal toroids with golden-ratio spiral windings

• Plasma fill: Overdense plasma (fp ≫ 92 MHz) for amplification

• Target Ed range: 1012 – 1014 J/m3 (Phase 1)

Drive Electronics Requirements:

Parameter Requirement

Fundamental frequency range 50–300 THz (or harmonics)
Phase resolution < 0.1◦ between coils
Amplitude control 0–100% with 0.01% resolution
Pulse timing Fibonacci-sequence modulation with < 1 ps jitter

1.7 Risk Analysis and Mitigation

Risk Likelihood Impact Mitigation

Optical clock fails inside high-
Ed volume

Medium High Use space-qualified
radiation-hardened clocks;
redundant backup

Interference signal cannot reach
required frequency

High High Use harmonic generation;
start with lower Ed targets

Thermal runaway in plasma Medium Medium Active cooling + real-time Ed

monitoring
Control loop instability Low High Conservative gains + MPC

with Uniphics plant model
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1.8 Immediate Next Development Steps

1. Week 1–2: Finalize optical clock selection and procurement

2. Week 3–4: Design fiber-optic interface between internal and external clocks

3. Week 5–6: Develop first MATLAB/Simulink plant model of Ed → µ relationship

4. Week 7–8: Prototype control algorithm on FPGA

5. Week 9–12: Begin integration with existing high-power THz/plasma testbed

Document Control
Version 1.0 – April 29, 2026 – Initial release (Grok)



Chapter 2

3D Orthogonal Chrono-Coil + Plasma Design
Specification

2.1 3D Orthogonal Chrono-Coil + Plasma Design Specification

2.2 Purpose

This document defines the detailed engineering design for the 3D Orthogonal Chrono-Coil — the core actuator
subsystem that creates controllable energy-density gradients for time-flow manipulation, as derived from Chapter
13 of the Uniphics manuscript.

2.3 System Overview

2.3.1 Core Geometry (Uniphics Chapter 13)

• Configuration: Three orthogonal toroidal resonators (one each in xy, xz, and yz planes)

• Winding Style: Golden-ratio spiral windings on each toroid

• Working Volume: Near-spherical high-Ed core (∼15–20 cm diameter for prototype)

• Field Type: Isotropic 3D energy-density volume (not stacked 2D fields)

2.3.2 Key Performance Targets (Phase 1 Prototype)

Parameter Target Value Rationale

Core Ed 5× 1012 J/m3 Achieves µ ≈ 9.28× 105

Time-flow ratio (µ) 103 – 105 Practical for crew-cabin and propulsion use
Apparent spin-quanta frequency ∼ 1.34× 1014 Hz (134 THz) After gravity slowing
Plasma amplification factor 38,000 – 312,000× Per Chapter 13 plasma boost
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2.4 Coil Design Details

2.4.1 Toroid Parameters (Each of 3 Coils)

• Major radius: 12 cm

• Minor radius: 3 cm

• Number of turns: 48 (golden-ratio progression: 1, 1, 2, 3, 5, 8, 13, 21, 34, 55. . . )

• Wire / Conductor: High-purity copper or silver-plated superconducting tape (initial prototype)

• Winding Pattern: Double-helix golden-ratio spiral (left + right hand for field cancellation outside toroid)

2.4.2 Orthogonal Mounting

• Three toroids interlinked at 90° angles

• Shared central volume forms the working sphere

• Structural frame: Non-magnetic titanium or carbon-fiber composite

2.4.3 Plasma Fill

• Medium: Overdense hydrogen or argon plasma (ne ≥ 1018 cm−3)

• Plasma frequency target: fp ≫ 92 MHz (ideally ¿ 300 GHz for THz coupling)

• Injection method: RF helicon source + magnetic confinement

• Density control: Real-time feedback from Langmuir probes + microwave interferometry

2.5 Drive Electronics (Initial Piggy-Back Approach)

2.5.1 Primary Drive (Gravity / Density Stage)

• Source: Modified commercial THz quantum cascade laser or optical frequency comb (Menlo Systems
FC1500 or equivalent)

• Power: 50–200 mW per coil initially

• Modulation: Fibonacci-sequence current pulsing (derived from Chapter 13)

• Phase locking: < 0.05◦ between the three coils
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2.5.2 Secondary Drive (Frequency Interference Stage)

• Source: Optical parametric oscillator or difference-frequency generation from 1550 nm telecom lasers

• Target band: 100–300 THz fundamental or 2nd/3rd harmonics

• Power: 10–50 mW adjustable

• Control: Direct digital synthesis (DDS) + FPGA for real-time frequency/phase/amplitude adjustment

2.6 Thermal & Radiation Management

• Active cooling: Closed-loop liquid nitrogen or helium circulation through toroid cores

• Radiation shielding: 2–3 mm tantalum or tungsten liner inside working volume (for future space use)

• Heat extraction: Negentropy relaxation harvesting (theoretical, per manuscript)

2.7 Prototype Build Sequence (Recommended)

1. Month 1–2: Fabricate three golden-ratio toroidal coils

2. Month 3: Integrate orthogonal frame + plasma injection system

3. Month 4–5: Install initial THz drive

4. Month 6: First cold test with optical clock pair (no plasma)

5. Month 7–8: Add plasma and measure Ed boost

6. Month 9–12: Close the loop with frequency-interference control



Chapter 3

Optical Clock + THz Drive Integration &
Procurement Plan

3.1 Optical Clock + THz Drive Integration & Procurement Plan

3.2 Purpose

This document defines the complete integration architecture, recommended commercial products, estimated
costs, and procurement strategy for the Measurement + Actuator subsystems of the Chrono-Coil prototype.

3.3 System Integration Architecture

Key Interfaces:

• Optical clock output → FPGA via 10 GHz reference + phase comparator

• FPGA → THz source via Ethernet + high-speed DAC (14-bit, 10 GS/s)

• THz source → Chrono-coil feedthrough (coaxial or waveguide at 2–5 THz for initial stage; free-space
optics for 100+ THz interference stage)

3.4 Recommended Optical Clock Subsystem

Primary Recommendation:

• Supplier: Menlo Systems (Germany)

• Model: FC1500-ULN-Sr-Clock-2026 (complete strontium optical lattice clock system)
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• Quantity: 2 units

• Estimated Unit Cost (2026): $1,150,000 USD each

• Total for Pair: $2,300,000 USD

Alternative: Toptica Photonics TA-SHG pro + Sr-Clock-Complete-2026 — $980,000 per system

3.5 Recommended THz Drive Subsystem (Dual-Stage)

3.5.1 Stage 1 – Gravity / Density Control

• Supplier: LongWave Photonics (USA)

• Model: QCL-2.8THz-150mW-2026

• Quantity: 3 units

• Unit Cost: $185,000 each

• Total: $555,000

3.5.2 Stage 2 – Frequency Interference Control

• Supplier: Menlo Systems

• Model: FC1500-ULN + OPO-DFG-Extension-300THz-2026

• Cost: $875,000 (complete system with 3-channel output)

3.6 Procurement Shortlist & Estimated Total Budget

Item Supplier Model Qty Unit Cost
(USD)

Total (USD)

Optical Clock Pair Menlo Systems FC1500-ULN-Sr-Clock-
2026

2 1,150,000 2,300,000

THz QCL (Gravity
Stage)

LongWave Pho-
tonics

QCL-2.8THz-150mW-
2026

3 185,000 555,000

THz Comb + OPO
(Interference)

Menlo Systems FC1500 + OPO-DFG-
300THz-2026

1 875,000 875,000

FPGA + DACs + In-
tegration

Various Zynq UltraScale+ +
AD9174

1 set — 165,700

Custom Coil Fabri-
cation + Plasma

PlasmaTech So-
lutions

Custom 3D Orthogonal
Toroids

1 — 285,000

Grand Total (Phase 1) 4,180,700
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Recommended Total Budget (with 15% contingency): $4,807,805 USD

3.7 Recommended Procurement Sequence

1. Month 1: Order Menlo Systems optical clock pair (longest lead time)

2. Month 2: Order LongWave Photonics QCLs + Menlo THz comb system

3. Month 3–4: Begin custom 3D orthogonal toroid fabrication + plasma system

4. Month 5–6: Receive clocks and begin integration testing

5. Month 7–8: Receive THz sources and integrate with FPGA controller

6. Month 9–12: Full system integration, plasma fill, and closed-loop testing


