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Abstract 
This paper re-examines the relationship between relative velocity and time dilation across different reference frames, proposing 
a geometric interpretation of gravitation synchronized motion within a closed spacetime structure. We demonstrate that 
the same motion can appear to occur at different velocities when observed from frames with distinct temporal properties, 
following an inverse proportionality 
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Abstract 

This paper re-examines the relationship between relative velocity and time dilation across 

different reference frames, proposing a geometric interpretation of gravitation synchronized 

motion within a closed spacetime structure. We demonstrate that the same motion can appear to 

occur at different velocities when observed from frames with distinct temporal properties, 

following an inverse proportionality  . Using thought experiments (e.g., trains and 𝑣𝑣'∝ 1
𝑡𝑡'

spacecraft), we show how frame-dependent observations preserve physical trajectories while 

altering perceived kinematics. By reformulating gravitation as a manifestation of a closed 

spacetime geometry rather than a classical force, we unify phenomena such as orbital 

synchronization (e.g., satellites), aviation trajectories, and microgravity environments under a 

single geometric framework. Our model suggests that overcoming "gravity" is equivalent to 

overcoming the inertia of an object within its spacetime frame, with implications for relativistic 

orbital mechanics and tests of general relativity. 

1. Introduction 

Relativity serves as a foundational pillar of modern physics, with special and general relativity 

offering profound insights into the nature of time, space, and gravitation. This paper investigates 

the phenomenon of relative velocity for the same motion observed in different reference frames, 

with particular attention to the implications of gravitational and kinematic time dilation. 

2. Gravitational Time Dilation 

Gravitational time dilation, derived from the Schwarzschild metric [1], quantifies temporal 

variations as a function of distance from a gravitational mass. The governing equation is: 

 ∆𝑡𝑡' =  ∆𝑡𝑡 1 − 2𝐺𝐺𝑀𝑀

𝑟𝑟𝑐𝑐2  

 

. Using thought experiments (e.g., trains and spacecraft), we show how frame-
dependent observations preserve physical trajectories while altering perceived kinematics. By reformulating gravitation as a 
manifestation of a closed spacetime geometry rather than a classical force, we unify phenomena such as orbital synchronization 
(e.g., satellites), aviation trajectories, and microgravity environments under a single geometric framework. Our model suggests 
that overcoming "gravity" is equivalent to overcoming the inertia of an object within its spacetime frame, with implications for 
relativistic orbital mechanics and tests of general relativity.
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1. Introduction 
Relativity serves as a foundational pillar of modern physics, 
with special and general relativity offering profound insights 
into the nature of time, space, and gravitation. This paper 
investigates the phenomenon of relative velocity for the 
same motion observed in different reference frames, with 
particular attention to the implications of gravitational and 
kinematic time dilation.

2. Gravitational Time Dilation 
Gravitational time dilation derived from the Schwarzschild 
metric quantifies temporal variations as a function of distance 
from a gravitational mass [1]. The governing equation is: 
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offering profound insights into the nature of time, space, and gravitation. This paper investigates 

the phenomenon of relative velocity for the same motion observed in different reference frames, 

with particular attention to the implications of gravitational and kinematic time dilation. 

2. Gravitational Time Dilation 

Gravitational time dilation, derived from the Schwarzschild metric [1], quantifies temporal 

variations as a function of distance from a gravitational mass. The governing equation is: 

 ∆𝑡𝑡' =  ∆𝑡𝑡 1 − 2𝐺𝐺𝑀𝑀

𝑟𝑟𝑐𝑐2  

 where: 
•	 ∆𝑡 = dilated time interval 
•	 ∆𝑡 = proper time interval 
•	 𝐺 = gravitational constant 
•	 𝑀 = mass of the gravitational source 
•	 𝑟 = radial distance 
•	 C= speed of light

In 2024, the perihelion of the Earth (closest solar approach) 
measured 147,100,631.86 km, while its aphelion (farthest 
distance) was 152,099,968.88 km. Under purely solar 
gravitational influence (neglecting other factors), this orbital 
variation induces a time dilation difference of approximately 
0.3 ns between aphelion and perihelion. 

3. Solar Dominance in Temporal Dynamics 
The Sun constitutes 99.8% of the mass of the solar system, 
making its gravity the dominant factor shaping local 
spacetime curvature. Temporal flow exhibits an inverse 
relationship with gravitational potential: clocks run slower 
at smaller 𝑟 (closer to the Sun) and faster at larger 𝑟.  The 
rotation of earth introduces additional minor variations. 
For any surface point, the diurnal solar distance fluctuation 
(between facing toward and away from the Sun) creates 
measurable time differentials. While altitude-dependent 
gravitational time dilation exists, the complex interplay 
of orbital dynamics and the rotation of earth makes exact 
calculations of location-specific time rate variations (e.g., 
mountain vs. valley) theoretically intractable.

4. Kinetic Time Dilation 
The twin paradox is often presented as a simple result of 
relative velocity, with the spacecraft twin aging more slowly 
due to kinematic time dilation. However, this interpretation 
neglects the foundational role of spacetime curvature in 
relativistic dynamics. While special relativity (SR) initially 
explained time dilation purely in terms of inertial frames, 
general relativity (GR) later revealed that mass-energy 
distributions fundamentally alter spacetime geometry [2]. 
Under GR, the motion of spacecraft affects its local spacetime 
curvature, with higher velocities inducing greater time 
dilation. This curvature-driven time dilation explains why, 
upon reunion, the spacecraft twin experiences a shorter 
elapsed time (e.g., 1 year) than the Earthbound twin (e.g., 
20 years). Crucially, kinematic time dilation is not merely a 
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function of velocity but also influenced by factors such as the 
mass of object, structure, propulsion method, and trajectory.

5. Reference Frame-Dependent Observations 
5.1. Train Thought Experiment

5. Reference Frame-Dependent Observations 

5.1 Train Thought Experiment 

 

Consider a train moving at velocity  relative to the ground. An object traverses vertically from 𝑣𝑣

point  to  and back in time , while the train covers distance . Key observations: 𝐴𝐴 𝐵𝐵 𝑡𝑡 𝑑𝑑 = 𝑣𝑣𝑣𝑣

● Ground frame: Trajectory appears as diagonal motion between moving points  and , 𝐴𝐴' 𝐵𝐵'

which are separated by a horizontal displacement vt.  

● Train frame: The enclosed system renders  and ; motion is purely vertical. 𝐴𝐴 = 𝐴𝐴' 𝐵𝐵 = 𝐵𝐵'

From an alternative frame  with velocity  and time , the invariant relation  𝑀𝑀 𝑣𝑣' 𝑡𝑡' 𝑣𝑣𝑣𝑣 = 𝑣𝑣'𝑡𝑡'

preserves the actual path of the object despite differing perceived velocities and durations, 

analogous to variations in observed planetary motion across frames. 

● Assuming a scenario where  𝑡𝑡' = 𝑛𝑛𝑛𝑛

● Deriving from , ,  𝑣𝑣𝑣𝑣 = 𝑣𝑣'𝑡𝑡' 𝑣𝑣' = 𝑣𝑣𝑡𝑡
𝑡𝑡' = 𝑣𝑣𝑡𝑡

𝑛𝑛𝑡𝑡 𝑣𝑣' = 𝑣𝑣
𝑛𝑛

5.2 Spacecraft Example 

Consider a spacecraft traveling a distance  from Earth to Planet A: 𝑑𝑑

● When observing from the reference system of Earth, the spacecraft’s time taken to 

complete its journey is . In Planet A’s frame, the time is ; in reference frame B, it is .  𝑡𝑡 𝑡𝑡
2 2𝑡𝑡

● Earth frame: Velocity  ,  𝑣𝑣 = 𝑑𝑑
𝑡𝑡

● Planet A frame (time flow halved):  𝑣𝑣' = 𝑑𝑑
𝑡𝑡
2

= 2𝑣𝑣

● Frame B (time flow doubled):  𝑣𝑣" = 𝑑𝑑
2𝑡𝑡 = 𝑣𝑣

2

Consider a train moving at velocity 𝑣 relative to the ground. An 
object traverses vertically from point 𝐴 to 𝐵 and back in time 
𝑡,  while the train covers distance 𝑑 = 𝑣𝑡.  Key observations. 
● Ground frame: Trajectory appears as diagonal motion 
between moving points 𝐴' and 𝐵',  which are separated by a 
horizontal displacement vt. 
● Train frame: The enclosed system renders 𝐴 = 𝐴' and 𝐵  = 
𝐵'; motion is purely vertical. 

From an alternative frame 𝑀 with velocity 𝑣 ' and time 𝑡',  the 
invariant relation 𝑣𝑡 = 𝑣'𝑡' preserves the actual path of the 
object despite differing perceived velocities and durations, 
analogous to variations in observed planetary motion across 
frames.
• Assuming a scenario where 𝑡' = 𝑛𝑡 
• Deriving from 
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 in reference frame B, it is 2t. 

• Earth frame: Velocity, 
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This confirms the inverse proportionality This confirms the inverse proportionality  , a fundamental relativistic principle. 𝑣𝑣'∝ 1
𝑡𝑡'

6. Gravitation as Closed Spacetime 

Gravitation can be interpreted as synchronous motion within closed spacetime systems, whether 

natural (celestial bodies) or artificial (engineered environments).  

1. Closed Spacetime: A naturally or artificially formed region with tangible or intangible 

boundaries that exhibits independent physical properties relative to the outside. 

2. Synchronous Motion: In an inertial reference frame, matter, its space-time, and other 

matter within that space-time maintain identical trajectories. 

Key evidence includes: 

1. Orbital Mechanics: Satellites require only orbital insertion, not compensation for Earth's 

revolution (∼30 km/s), as they inherit the planet's motion within curved spacetime. 

2. Aviation: Aircraft flying 10,000 km between cities remain coupled with Earth's rotational 

(∼460 m/s) and orbital motion due to spacetime coherence. 

3. Microgravity Environments: Space station astronauts float because they are in free fall 

within the station’s inertial reference frame, following the same geodesic path. 

Crucially, "free fall" toward a gravitational center represents motion along natural geodesics in 

curved spacetime. Overcoming gravity involves overcoming the object’s inertia within its 

spacetime frame and is not directly related to gravitational force strength. Gravity is not a 

force-mediated interaction. 

7. Conclusion 

Imagine an aircraft placed inside a rotatable, enclosed device that moves with the airplane. By 

rotating this device, its spacetime curvature can be altered, producing a time dilation effect, 

thereby changing the spacetime reference frame of the entire system and ultimately altering the 

aircraft’s speed. This device, by changing the spacetime curvature, changes the aircraft's speed; it 

is the aircraft's curvature engine. This thought experiment emphasizes that manipulating 

spacetime curvature can control time dilation, thus controlling the motion’s state of objects in 

spacetime geometry. 
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• Microgravity Environments: Space station astronauts 
float because they are in free fall within the station’s inertial 
reference frame, following the same geodesic path.

Crucially, "free fall" toward a gravitational center represents 
motion along natural geodesics in curved spacetime. 
Overcoming gravity involves overcoming the object’s inertia 
within its spacetime frame and is not directly related to 
gravitational force strength. Gravity is not a force-mediated 
interaction.

7. Conclusion
Imagine an airplane placed inside a rotating, enclosed device 
that moves with the airplane. By manipulating this device 
and its motion, the spacetime curvature of the entire system 
can be controlled, thereby generating controllable time 
dilation and ultimately controlling the aircraft's motion in 
spacetime geometry. This device is a rudimentary, simplified 
warp drive.
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