
5.3 Generalized Uncertainty Relation 

Introduction 

The incorporation of the chance dimension   in the 7dU framework leads to a generalized 
uncertainty relation. The standard Heisenberg uncertainty principle is modified to include 
higher-dimensional contributions, reflecting fluctuations from the chance dimension.[5] 

Generalized Uncertainty Principle 

In the presence of  , the commutator relation is modified as: 

 , 

where   is a geometric contribution arising from fluctuations in the chance dimension. 

This leads to a generalized uncertainty relation: 

 , 

where   captures the influence of higher-dimensional fluctuations on quantum 
measurements. 

Implications 

1. Enhanced Randomness: 

 • The additional term   introduces variability into quantum measurements,   
  offering a geometric explanation for inherent randomness.[12] 

2. Precision Limits: 

 • The modified uncertainty relation imposes new limits on the precision of   
  simultaneous position and momentum measurements. 

3. New Quantum Effects: 

 • The  -term could lead to detectable deviations in experiments testing the   
  standard uncertainty principle. 

Experimental Validation 

To test the generalized uncertainty relation: 
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1. Precision Measurements: 

 • Perform ultra-precise position-momentum measurements to detect deviations   
  predicted by  . 

2. Quantum Randomness: 

 • Use the modified uncertainty relation to enhance randomness generation in   
  QRNGs. 
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