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Abstract. In this work, the effect of superluminal 

speeds and higher dimensions on space-time was 

examined. Einstein’s theories of special and general 

relativity were fundamental to this study. The 

theoretical research method was thus used, with 

special interest in the Lorentz factor, so as to derive the 

level of uncertainties of superluminal speeds; based on 

geometry, inertia and causality. Two null-hypothesis 

were formulated: the first to determine the level of 

uncertainty beyond the light-cone (the causal 

boundary), and the second to examine the relationship 

between the generalized Lorentz factor and extra-

dimensional contributions. Apart from Einstein’s 

theories of Special and General Relativity, other 

foundational theories relevant to this work are the 

Kaluza/Klein extra dimensions, string theory and 

Minkowski space-time. In testing hypothesis one, 

theoretical methods were used to derive what we call 

the Superluminal Triple Uncertainty Principle 

(STUP), which operates similarly to the Heisenberg 

Uncertainty Principle. The STUP hinges on an already 

established fact that under superluminal motion, at 

least one of geometry, inertia and causality will 

collapse. Finally, we tested hypothesis two by 

introducing the extra-dimensional complexity factor. 

We observed that this factor induces a hidden velocity 

component, such that the system behaves 

relativistically, though the ordinary velocity is fixed. 

 

Keywords: Superluminal; Relativistic; Inertia; 

Causality; Uncertainty Principle; Triple Uncertainty 

Bound. 

 

1. Introduction 

 

Superluminal speeds according to Chiao[1], can be 

defined as faster than light speeds. Thus we could state 

that a particle is superluminal when its velocity (𝑣) is 

greater than the speed of light (𝑐). Such that 𝑣 = 𝑘𝑐, 

where 𝑘 > 1. Nimtz[2] further stated that wave and 

light pulses were found to travel at speeds a lot faster 

than the speed of light. Again, Marangos[3], stated that 

wave-packet appears to travel faster than light, without 

violating causality. However for superluminality to 

occur, the Lorentz factor (𝛾) becomes imaginary, such 

that: 

𝛾 = −𝑖 √𝛽2 − 1⁄ .     

     

 (1) 

Thus, Parasurama and Sathishkumar[4] opined that 

superluminality is not possible in 3D space, and that in 

this space, objects disappear when 𝑣 ≥ 𝑐, and reappear 

when 𝑣 < 𝑐.  

A lot of work has been done on the impact of 

superluminal speeds on time. Some work has also been 

done on the effect of higher dimensions on time. 

However, though the uncertainties of superluminal 

motion have been established, no framework has been 

designed to combine the three uncertainties: which are 

in geometry, inertia and causality. Also, from Green et 

al.[5], String Theory is expressed as: 

𝐷 = 4 + 𝑛     

     

 (2) 

where 𝐷 is the total number of dimensions and 𝑛 the 

number of extra dimensions beyond the usual four. 

Shannon[6], then described the suppressed 

dimensional contribution, such that: 

𝐷 = 𝐷0 + 𝛼 log 𝑛     

     (3)  

where 𝐷0 = 1 represents the baseline dimension, and 

𝛼 shows how strongly hidden dimensions influence 

observable physics. Quite a lot of gaps still exist in 

determining the effect of higher dimensional 

contributions on time. This work endeavors to cover 

these gaps by establishing a framework to combine the 

uncertainties in geometry, inertia and causality. In 

 



 

NIU Journal of Climate Justice and Governance 

 

78 
 

addition to this, higher dimensional contributions to 

time dilation will be further examined. 

 

2. Superluminal Triple-Uncertainty 

Principle 

 

A mathematical natural way to build a Heisenberg-like 

uncertainty structure from superluminal space-like 

motion is to identify the three mutually competing 

quantities: reality of observables, temporal ordering 

(monotonicity), and causal consistency. Unlike the 

Heisenberg Uncertainty principle, this is not an 

established verified law, but it can be formulated 

rigorously as a relativistic consistency inequality. 

According to Gorelik[7], for superluminal speeds at 

least one of these three competing quantities must 

collapse. Having an imaginary Lorentz factor (𝛾) for 

example would collapse the reality of observables. In 

Minkowski[8], superluminal propagation means that 

for Minkowski spacetime, 

𝑑𝑠2 = −𝑐2𝑑𝑡2 + 𝑑𝑋2                                                                                                              

(4) 

Superluminal propagation means: 𝑑𝑋2 > 𝑐2𝑑𝑡2, 

hence 𝑑𝑠2 > 0 or equivalently, 𝑣 > 𝑐. This pushes the 

trajectory outside the light cone (the causal boundary). 

We now intend to define the three relativistic 

“certainties”, by introducing normalized consistency 

measures. First is the reality certainty defined thus: 

ℛ = √1 − 𝑣2 𝑐2⁄      

     

 (5) 

where, for superluminal motion, we have 0 ≤ ℛ ≤ 1, 

but for 𝑣 > 𝑐, ℛ ∈ 𝑖ℝ, so reality collapses. We define 

the “reality uncertainty”: ∆𝑅= |ℑ(ℛ)|. For Temporal 

Monotonicity Certainty, we consider the Lorentz 

transformation which as opined by Einstein[9] gives: 

∆𝑡′ = 𝛾(∆𝑡 − 𝑣∆𝑥 𝑐2⁄ ). Defining the ordering 

parameter ℳ = 𝑠𝑔𝑛(∆𝑡′), such that if ℳ > 0, time 

ordering is preserved. But if ℳ < 0, time ordering 

reverses. We define monotonicity uncertainty: ∆𝑀=
1 − ℳ. So, for preserved ordering, ∆𝑀= 0, and for 

reversed ordering ∆𝑀= 2. Then for causal uncertainty, 

we define a causal loop parameter. Then for causal 

uncertainty, we define a “causal-loop parameter” ℂ, 

given as: 

ℂ = 1 −
|∆𝑡𝑙𝑜𝑜𝑝|

𝑇
      

      (6)  

where T is a characteristic causal timescale. At ℂ = 1, 

the system is fully causal. When ℂ < 1, there is causal 

degradation, and when ℂ ≤ 0, there is causal loop 

formation. We thus define causal uncertainty as: ∆𝑐=
1 − ℂ. 

To construct the triple uncertainty, we consider space-

like propagation, such that; 𝑣 > 𝑐. All three 

uncertainties become coupled. The farther outside the 

light cone one moves, the more imaginary the Lorentz 

Factor becomes, the easier time-order inversion 

becomes and the easier it is to have closed causal 

curves. This motivates the inequality: 

∆𝑅∆𝑀∆𝐶≥ 𝑘       

     

 (7) 

Where 𝑘 > 0 is a relativistic consistency constant. 

This mirrors the logical structure of the Heisenberg 

relation: ∆𝑥∆𝑝≥ ℏ 2⁄ , except now the incompatibility 

is geometric/causal rather than quantum mechanical. 

From Minkowski interval Equation (4), we define 𝑣 =
𝑑|𝑋| 𝑑𝑡⁄ , then, 

𝑑𝑠2 = 𝑐2𝑑𝑡2 (
𝑣2

𝑐2 − 1)      

     

 (8) 

We introduce the dimensionless space-like parameter: 

𝜎 ≡ 𝑣2 𝑐2 − 1⁄ . When 𝜎 < 0, the system is time-like, 

when 𝜎 = 0, it is null or light like, and when 𝜎 > 0, it 

is space-like. For superluminality, 𝜎 > 0, and 𝑑𝑠2 =
𝑐2𝑑𝑡2𝜎. So 𝜎 quantifies departure beyond the light 

cone. For reality uncertainty, the Lorentz factor is 𝛾 =

1 √1 − 𝑣2 𝑐2⁄⁄ = 1 √−𝜎 = 1 𝑖√𝜎⁄⁄ . Therefore, the 

imaginary magnitude scales as: |ℑ(ℛ)| ∝ 1 √𝜎⁄ . 

However, the departure from real-valuedness itself 

grows with space-like penetration. We define the 

normalized reality uncertainty as: ∆𝑅∝ √𝜎, so that ∆𝑅 

increases continuously for 𝑣 > 𝑐, thus: ∆𝑅~𝜎1 2⁄ . For 

Temporal Monotonicity Uncertainty, Lorentz time 

transformation: ∆𝑡′ = 𝛾(∆𝑡 − 𝑣∆𝑥 𝑐2⁄ ). For a signal 

velocity 𝑢, ∆𝑥 = 𝑢∆𝑡, thus ∆𝑡′ = 𝛾∆𝑡(1 − 𝑣𝑢 𝑐2⁄ ). 

Near the light cone, let 𝑢 = 𝑣. Thus, for asymptotic 

scaling, 𝑣𝑢 𝑐2 = 𝑣2 𝑐2 = 1 + 𝜎⁄⁄ . Hence, the 

temporal-order deviation scales like:|1 − 𝑣𝑢 𝑐2⁄ | =
𝜎. We thus define monotonicity uncertainty as; ∆𝑀~𝜎. 

For defining causal uncertainty, we should consider 

that closed causal loops become space-like, and 

intervals permit frame-dependent time reversal. The 

probability or strength of causal violation depends on 

the magnitude of the space-like interval: 𝑑𝑠2 =
𝑐2𝑑𝑡2𝜎. Hence, the accessibility causal-loop 

“volume” scales with the square root of the interval 

measure: |𝑑𝑠| ∝ √𝜎. Thus, causal uncertainty can be 

defined by the magnitude of the causal-loop 

accessibility: ∆𝐶~𝜎1 2⁄ . However, for the 

renormalized compact form, if instead one defines the 

causal uncertainty intrinsically through causal order 

bifurcation density rather than interval amplitude, then 

∆𝐶~1, near first-order causal breakdown. Thus, 

causal-collapse behaves discontinuously, such that; 

ℂ: 0 ⇢ 1 at the threshold. This is mathematically 

analogous to a phase transition. Combining 
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uncertainties; ∆𝑅∆𝑀∆𝐶~𝜎1 2⁄ . 𝜎. 1. Thus, we have 

that; 

∆𝑅∆𝑀∆𝐶~𝜎3 2⁄       

     (9) 

But, 𝜎 = 𝑣2 𝑐2 − 1⁄ , such that; 

∆𝑅∆𝑀∆𝐶≥ 𝐾 (
𝑣2

𝑐2 − 1)
3 2⁄

     

     (10) 

Where: ∆𝑅 is the reality uncertainty, ∆𝑀 is the 

temporal-order uncertainty, ∆𝐶  is the causal 

uncertainty, and 𝐾 is the dimensionless consistency 

constant. We can thus define ∆𝑅∆𝑀∆𝐶 as the Compact 

Uncertainty Bound (CUB). 

For the dimensional analysis, because 𝐾 (
𝑣2

𝑐2 − 1)
3 2⁄

 

is dimensionless, we need; [Δ𝑅][Δ𝑀][Δ𝐶] = 1. Such 

that Δ𝑅 =
𝛿𝑥

𝐿0
 (normalized length), Δ𝑀 =

𝛿𝑚

𝑚0
 

(normalized mass), and ∆𝐶=dimensionless causality 

index.  We can refine these definitions by a 

mathematically elegant formulation, such that; Δ𝑅 =
𝛿𝑥

𝜆𝑐
, Δ𝑀 =

𝛿𝑚

𝑚
, and ∆𝐶= 𝛿𝜒. Where: 𝜆𝑐 is the 

characteristic relativistic length scale, 𝛿𝑚  𝑚⁄  is the 

fractional mass uncertainty, and 𝛿𝜒 is the causal-order 

variance. Such that substituting into equation (4), we 

have that: 

𝛿𝑥

𝜆𝑐

𝛿𝑚

𝑚
 𝛿𝜒 ≥ 𝐾 (

𝑣2

𝑐2 − 1)
3 2⁄

    

     

 (11) 

This we describe as the Superluminal Triple 

Uncertainty Bound (STUB), since it couples three 

independent instability sectors: geometry, inertia, and 

causality. We can thus introduce a concept: the 

Superluminal Triple-Uncertainty Principle (STUP). 

The STUP states that a space-like physical state cannot 

simultaneously minimize: reality uncertainty, 

temporal-order uncertainty and causal uncertainty.  

 

Measuring the CUB could be relevant for several 

theoretical and foundational reasons, even though this 

principle is not experimentally verified. First, it is 

useful for identifying light-cone consistency 

boundary. For example, at 𝑣 = 0, ∆𝑅∆𝑀∆𝐶= 0, 

meaning reality is preserved, temporal ordering is 

stable, and causality remains intact. But once 𝑣 > 𝑐, 

the bound grows rapidly. Thus, the CUB acts as a 

quantitative measure of departure from ordinary 

Minkowski causality. Secondly, it is important for 

detecting instability in hypothetical superluminal 

theories. These models such as; wormholes, tachyonic 

fields, warp-drive metrics, and quantum tunneling 

interpretations can be tested under this framework to 

determine if they encounter: imaginary observables, 

frame-order reversal, and causal paradoxes. It 

therefore functions as a consistency diagnostic. Again, 

it could provide a relativistic measure of relativistic 

pathology, that unifies all three relativistic 

inconsistencies, such that; ℧ = (𝑣2 𝑐2⁄ − 1)3 2⁄ , thus 

combining these uncertainties into one measurable 

instability index, which is quite similar to the 

Heisenberg Uncertainty Principle. Finally, it 

establishes a “degree of superluminal inconsistency”, 

such that there is weak instability near 𝑐, and 

catastrophic instability far beyond 𝑐. 

 

3. Extra-Dimensional Contribution to Time 

Dilation 

 

As opined by Minkowski[8] starting from relativistic 

principles in 4 + 𝑛 dimensions, let the generalized 

interval be: 

𝑑𝑠2 = −𝑐2𝑑𝑡2 + ∑ 𝑑𝑥𝑖
2 + ∑ 𝛼2𝑑𝑦𝑎

2𝑛
𝑎=1

3
𝑖    

     (12) 

where: 𝑥𝑖 are ordinary spatial coordinates, 𝑦𝑎 are 

extra-dimensional coordinates, and 𝛼 scales the extra-

dimensional sector. Define the generalized velocity: 

𝑉2 = 𝑣2 + 𝛼2 ∑ (
𝑑𝑦𝑎

𝑑𝑡
)

2
𝑛
𝑎=1    

     

 (!3) 

 with 𝑣2 = ∑ (
𝑑𝑥𝑖

𝑑𝑡
)

2
3
𝑖=1 .  

The proper time satisfies 𝑑𝑠2 = −𝑐2𝑑𝜏2, thus, 

combining these equations gives: 

 −𝑐2𝑑𝜏2 = −𝑐2𝑑𝑡2 + 𝑉2𝑑𝑡2.  

Or 

𝑑𝜏 = 𝑑𝑡√1 − 𝑉2 𝑐2⁄      

     

 (14) 

So the generalized Lorentz factor in higher dimensions 

becomes: 

𝛾𝑛 =
𝑑𝑡

𝑑𝜏
=

1

√1−
𝑉2

𝑐2

,      

     (15) 

Substituting the full higher-dimensional velocity 

gives: 

𝛾𝑛 =
1

√
1−

𝑣2+𝛼2 ∑ (
𝑑𝑦𝑎

𝑑𝑡
)

2
𝑛
𝑎=1

𝑐2

     

     (16) 

Equation (16) is the required expression. Using 

compact notation, define the extra-dimensional 

contribution, Φ = 𝛼2 ∑ (
𝑑𝑦𝑎

𝑑𝑡
)

2
𝑛
𝑎=1 , then; 𝛾𝑛 =

1

√1−
𝑣2+Φ

𝑐2

. This reduces to ordinary special relativity, 

when Φ = 0. For extra-dimensional contribution, we 

have that: 𝛼 is the scaling constant as earlier stated, 𝑛 

the number of extra dimensions, and 
𝑑𝑦𝑎

𝑑𝑡
 is the velocity 
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component along each extra dimension. The term Φ 

acts as an additional but hidden velocity contribution 

to the total relativistic motion. It may contribute to: 

anomalous relativistic effects, modified uncertainty 

relations, apparent superluminal behavior, dark-sector 

dynamics, higher-dimensional field motion, and 

compactified string/Kaluza-Klein modes. 

 

4. Results and Discussion 

 

In resolving the problem of superluminal motion, 

superluminal uncertainties and extra-dimensions, we 

pose two null-hypotheses. For the first hypothesis, we 

state as follows: 

𝐻01: There is no significant uncertainty relationship 

that can be established in superluminal motion, 

between physical reality, temporal monotonicity, and 

causal consistency. 

To test this hypothesis, we vary superluminal speed 𝑣, 

from 1.1𝑐 to 2.0𝑐, with 𝐾 = 1. Using the relation; 

∆𝑅∆𝑀∆𝐶≥ 𝐾 (
𝑣2

𝑐2 − 1)
3 2⁄

 , we thus arrive at table (1). 

 

Table (1): Relationship between Compact Uncertainty Bound and the Superluminal Speed Ratio. 
       

S/N 

Superluminal Speed 

Ratio v/c 

Compact Uncertainty Bound 

1 1.10 0.0962 

2 1.30 0.5732 

3 1.40 0.9406 

4 1.60 1.9484 

5 1.70 2.5983 

6 1.90 4.2166 

7 2.00 5.1962 

 

Using table (1), we plot a graph of Compact Uncertainty Bound against Superluminal Speed Ratio: 

 

   
Figure 1: Graph establishing the relationship between Compact Uncertainty Bound and Superluminal Speed Ratio. 

 

This graph shows that as superluminal speed ratio (𝑣 𝑐⁄ ) increases, the compact uncertainty bound increases in a 

nonlinear (accelerating) manner. This indicates that achieving higher superluminal speeds leads to disproportionately 

greater uncertainty in the compact representation or measurement. In practical terms, pushing to higher superluminal 

speeds incurs rapidly growing structural uncertainty. We thus reject the null hypothesis (𝐻01). 

For the second research hypothesis, we state thus: 

𝐻02: There is no significant relationship between the Generalized Lorentz factor (𝛾𝑛) and Extra-dimensional 

contribution(Φ 𝑐2⁄ ). 

To test this hypothesis, we use the expression; 𝛾𝑛 =
1

√1−
𝑣2+Φ

𝑐2

, with 𝑣 = 0.5𝑐, and varying Φ from 0.005𝑐2 to 0.25𝑐2, 

for moderate extra-dimensional effects. We thus derive table (2) as follows: 
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Table (2): Relationship between Generalized Lorentz factor (𝛾𝑛) and Extra-dimensional contribution (Φ 𝑐2⁄ ). 
S/N Extra-dimensional 

contribution(Φ 𝑐2⁄ ) 

Generalized Lorentz factor 
(𝛾𝑛) 

1 0.005 1.1586 

2 0.025 1.1744 

3 0.045 1.1912 

4 0.065 1.2089 

5 0.085 1.2277 

6 0.105 1.2476 

7 0.125 1.2687 

8 0.145 1.2911 

9 0.165 1.3147 

10 0.185 1.3398 

11 0.205 1.3664 

12 0.225 1.3946 

13 0.250 1.4325 

 

Using table (2), we plot a graph showing the relationship between 𝛾𝑛 and Φ 𝑐2⁄ . 

 

   
Figure 2: Graph of Generalized Lorentz factor (𝛾𝑛) against Extra-dimensional contribution(Φ 𝑐2⁄ ). 

 

The graph shows a clear non-linear positive 

relationship between the generalized Lorentz factor 𝛾𝑛 

and extra-dimensional contribution Φ. Since ordinary 

velocity is fixed at 𝑣 = 0.5𝑐, the relation being studied 

is therefore; 𝛾𝑛 = 1 √1 − (0.25 + Φ 𝑐2⁄ )⁄  . The graph 

demonstrates that as the extra-dimensional 

contribution increases, the generalized Lorentz factor 

increases considerably. We thus reject the null 

hypothesis. This means that hidden-dimensional 

motion strengthens relativistic effects. It also shows 

that extra-dimensional motion behaves as an 

additional hidden velocity component, such that even 

though ordinary motion is fixed at 0.5𝑐, the system 

behaves relativistically as if its total effective motion 

were larger. This agrees with Einstein[10], who opined 

that extra dimensions could alter the Lorentz factor. 

 

 

5. Conclusion 

 

In conducting this study, four variables were 

measured, which are: superluminal speeds, 

dimensional complexities, in relation to relativistic 

uncertainties and space-time. Superluminal speeds 

were found to positively influence relativistically 

coupled uncertainty in a non-linear accelerating 

manner. On the other hand, the extra dimensional 

contribution maintained relativistic behavior in the 

system even at fixed ordinary velocity. We thus 

confirmed that superluminal speeds would have a 

significant positive effect on relativistic uncertainties, 

with a similar positive relationship established 

between the Lorentz factor and dimensional 

contribution. 
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