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Abstract
This paper proposes a theoretical CST Mach-equilibrium model for hypersonic aircraft operating from Mach 1 through Mach 10. The central idea is that a hypersonic aircraft should not be controlled by speed alone, but by a synchronized corridor between Earth atomic time, aircraft internal time, Earth rotation, altitude, shockwave stability, pitch angle, center of pressure, scramjet inlet flow, and thermal limits. The aircraft is treated as a lifting body riding a controlled “pressure ocean” of compressed air. The goal is not simply to fly faster, but to remain locked onto the shockwave like a surfer staying on a wave.
Research Position
No public aircraft program was found that officially uses the term CST or Curvature Synchronization Time as flight-control architecture. However, real aerospace systems already depend on precision timing, inertial navigation, GPS time, atomic-clock synchronization, and preplanned trajectories. NASA’s X-43A Hyper-X vehicle reached nearly Mach 10 at about 110,000 feet and used a preprogrammed control profile with an airframe-integrated scramjet engine, showing that hypersonic flight already requires precise timing, trajectory planning, and integrated vehicle-engine control. 
Core Concept
The CST framework begins with the equation:

Here, is the onboard aircraft clock and is Earth atomic reference time. The control goal is:

This means the aircraft must keep its internal timing error inside an allowed tolerance. If the timing error grows too large, the flight computer reacts late. At Mach 10, late correction can move the nose shockwave, change inlet pressure, shift the center of pressure, increase heating, and destabilize pitch.

Mach Speed and Earth Rotation Reference
Mach 10 is not one fixed number because the speed of sound changes with altitude. NASA’s X-43A fact sheet describes the final flight as nearly Mach 10, approximately 7,000 mph, at about 110,000 feet. For CST modeling, a practical Mach 10 design range is:

Earth’s equatorial rotation speed is about:

At Brownsville/Matamoros latitude, about , the local surface rotation is approximately:

The CST speed ratio becomes:

At :

This means the aircraft is moving about eight times faster than the local Earth-rotation surface speed. That does not mean the aircraft must slow down-to-Earth rotation speed. It means the flight computer must calculate the aircraft’s motion inside Earth’s rotating reference frame.




Atomic Clock Setting
The Earth reference clock is cesium atomic time:

That means one SI second is defined by 9,192,631,770 cesium oscillations. Atomic clocks are essential to GPS; NIST explains that GPS would not function without precise atomic timing. GPS also requires relativistic corrections for accurate position and time, which supports the broader principle that high-speed navigation is also a timing problem. 
CST Flight Clock Setting
The CST onboard clock should track:

The velocity correction is:

This means faster motion makes the aircraft clock run slightly slower relative to the Earth reference.
The altitude gravity correction is:

This means a higher-altitude clock runs slightly faster relative to a lower Earth-surface clock.




At Mach 10 near , the velocity time effect is small but real, about 0.23 microseconds slower per hour. At about 30 km altitude, gravity gives back only about 0.012 microseconds per hour. The net estimate is approximately:

So, the CST controller would apply about:

to keep aircraft time aligned with Earth atomic time.
Equilibrium Speed
The aircraft does not become synchronized at one magic speed. It becomes synchronized when all limits are satisfied at the same time:

This means the true operating speed is not automatically Mach 10. It may be Mach 6, Mach 7, Mach 8, or Mach 10 depending on altitude, heating, shock attachment, inlet pressure, fuel flow, structure, and clock tolerance.
The stable corridor conditions are:

If the aircraft goes too slow, the scramjet may not operate correctly and lift may drop. If it goes too fast, heating rises, the center of pressure may shift, the shockwave can detach or move, and the aircraft can fall off the pressure wave.
Plan A to Plan B Corridor
The most testable version is not unlimited Mach 10 flight. It is a bound corridor:

This means the aircraft knows before launch: start point, end point, distance, start atomic time, expected arrival time, Earth rotation during flight, altitude window, Mach window, CST correction limit, pitch angle, shock pressure, and heat limit.
The arrival equation is:

The aircraft proves stability over a short A-to-B corridor first. If it maintains timing, shockwave attachment, pitch stability, scramjet inlet stability, and thermal limits, the corridor can be expanded.
Shockwave Surfing Analogy
The aircraft is like a surfer. The board is the lifting body. The wave is the hypersonic shock layer. The balance is atomic-time synchronization. The wipeout is thermal runaway or shock instability.
The scramjet does not only push the aircraft; it helps shape the wave. The nose creates the bow shock. The lower body rides the compressed pressure. The plasma layer, if used, could help smooth or influence the ionized flow. The flight computer keeps the vehicle balanced. The atomic clock keeps timing. CST keeps synchronization.
Engineering Importance
Hypersonic flight is limited by more than propulsion. NASA’s X-43A demonstrated airframe-integrated scramjet operation for only a short engine burn, and hypersonic literature emphasizes extreme inlet heating, combustor heating, thermal limits, and shock interactions. This supports the CST argument: the aircraft must stay inside a narrow stability window where speed, timing, heat, shock pressure, and control response remain bounded.
Conclusion
The CST Mach-equilibrium model should be presented as a theoretical flight-control architecture, not as proven propulsion. It does not claim that time creates thrust. It proposes that precision time synchronization can become a master control layer for hypersonic stability.
The strongest professional statement is: A hypersonic aircraft may be capable of Mach 10, but its true operational speed is the CST equilibrium velocity, where Earth atomic time, aircraft proper time, Earth rotation, shockwave stability, scramjet inlet flow, pitch angle, center of pressure, and thermal limits remain simultaneously bounded. The vehicle does not simply fly fast; it rides a precomputed A-to-B pressure corridor and stays locked onto the shockwave.
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