Archimedean Geometry, Earth-Centered Gravity Variation, and CST-Synchronized Control for Hypersonic (Mach 10) Flight Corridors
Abstract
This paper unifies classical geometric insights from Archimedes—specifically from On the Sphere and the Cylinder—with modern hypersonic flight physics to formulate an Earth-centered cylindrical corridor model for Mach 10 operations. The framework integrates altitude-dependent gravity, latitude-dependent effective gravity (including Earth rotation), hydrostatic atmospheric structure, aerodynamic force balance, and shock-layer constraints. A Cosmic Standard Time (CST) control architecture is introduced, using temporal error (ΔT) as a feedback variable to maintain the vehicle within a narrow, safe corridor. The study clarifies that gravity is non-uniform across Earth (≈0.5% variation) and shows how this variation enters flight equations via effective gravity and atmospheric density, rather than as a standalone “compression” force. The result is a coherent, testable model for hypersonic navigation and control.
Introduction
Hypersonic flight (Mach ≥ 5) requires maintaining equilibrium among lift, drag, thrust, gravity, thermal loads, and shock stability. Classical geometry offers a compact way to conceptualize constrained equilibria. Archimedes’ sphere–cylinder relationship provides a symmetric, bounded system that can be reinterpreted as an Earth-centered flight corridor. This paper formalizes that interpretation and embeds it within modern aerothermodynamics and control.
Archimedean Geometric Basis
Archimedes proved proportionality:

We reinterpret:
· Sphere → Earth mass reference 
· Cylinder → allowable flight corridor (constant ) 
· Horizontal slices → altitude layers where force balance can occur 
This mapping is conceptual scaffolding; physical forces are supplied by modern fluid dynamics and gravitation.
Earth-Centered Corridor Kinematics
The radial coordinate of the flight path is:

with Earth radius and altitude. The vehicle operates within a narrow band of where aerodynamic and thermal constraints are satisfied.
Non-Uniform Gravity and Earth Rotation
Altitude dependence

altitude dependence (effective gravity)

· : latitude, : Earth angular speed 
· Variation from equator to poles ≈ 0.5% 
Interpretation: rotation does not add a new “compression” force; it modifies effective gravity, which in turn shapes the atmospheric pressure field.

Atmospheric Structure (Hydrostatic Balance)
Atmospheric pressure and density follow:

Thus, implicitly includes rotation via . This determines the usable density band for hypersonic flight.
Aerodynamic Force Balance
Lift–weight equilibrium

Thrust–drag equilibrium

6.3 Dynamic pressure

Implication: the corridor is defined by a tight window of that yields sufficient lift while keeping and heating within limits.
Earth Rotation and Ground Track

· Eastward flight benefits from Earth’s rotation 
· Required for accurate long-range navigation within the corridor 
Hypersonic Shock and Thermal Constraints
At Mach 10, a bow shock forms, compressing and heating the flow. Corridor boundaries are set by:
· Shock stability (attached vs. detached) 
· Thermal limits of structure 
· Density window (too low → insufficient lift; too high → excessive heating/drag) 
CST-Synchronized Control (ΔT Framework)
Temporal error




Multi-error aggregation

· captures deviations in 
· Other terms track altitude, velocity (Mach), density, shock state, and temperature 
Control action (conceptual)
· : increase thrust/angle of attack; climb within limits 
· : reduce thrust/angle; descend/stabilize 
· Objective: keep all errors → 0, maintaining the vehicle within the corridor 
Corridor Definition (Operational)
A Mach 10 corridor exists where all are satisfied simultaneously:
1. with 
2. 
3. below structural limits 
4. Shock layer stable 
5. Thermal load within material capability 
6. Ground track corrected for rotation 
7. CST control maintains 
Typical altitude bands:
· 30–50 km: optimal compromise (lift vs. heating) 
· <30 km: high drag/heat 
· 50–80 km: low density, weak lift margin
Discussion
· Gravity is not uniform, but its variation is second order compared with density, dynamic pressure, and heating. 
· The Archimedean sphere–cylinder mapping provides a clear geometric language for a constrained equilibrium region, while modern equations provide the force laws. 
· Embedding into both lift balance and hydrostatic structure avoids introducing non-physical “compression terms.” 

Testable Predictions
· Optimal corridors cluster in 30–50 km with latitude-dependent shifts 
· Eastward routes reduce required propulsion for a given ground track 
· Including yields measurable (small) corrections in altitude setpoints across latitude 
· ΔT-based control reduces oscillations near corridor boundaries 
Conclusion
By combining Archimedean geometric intuition with altitude- and latitude-dependent gravity, hydrostatic atmosphere, and hypersonic aerodynamics, we obtain a consistent Earth-centered cylindrical corridor model. Incorporating CST ΔT feedback transforms static equilibrium into a real-time control system. Gravity’s non-uniformity is correctly included via effective gravity and atmospheric structure, improving precision without overstating its role relative to dominant hypersonic effects.
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1. ARCHIMEDEAN GEOMETRY BASIS
From Archimedes - On the Sphere and the Cyinder
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3. GRAVITY VARIATION
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9. CST AT CONTROL FRAMEWORK
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