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Inspired by Ken Cecire’s derivation of the connection between the Heisenberg relations 
 
  (∆𝑝)(∆𝑥) ≥ ℏ/2 and  (∆𝐸)(∆𝑡) ≥ ℏ/2  ,  
 
I offer the following. This derivation incorporates the relativistic relations for a particle of 
invariant mass m, speed v, momentum p, and total energy E: 
 

  𝐸 = 𝛾𝑚 , 𝑝 = 𝛾𝑚𝑣 , 𝐸2 = 𝑚2 + 𝑝2 ,  where  𝛾 =
1

√(1−𝑣2)
 

 
and units are chosen so that c = 1. 
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𝑝2 = 𝐸2 −𝑚2 

 
Differentiating both sides yields      2𝑝(𝑑𝑝) = 2𝐸(𝑑𝐸) , 
 

or, for small finite differences,      (∆𝑝) =
𝐸
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Inserting (2) into (1) yields       (∆𝑝)(∆𝑥) =
1

𝑣
(∆𝐸)𝑣(∆𝑡) = (∆𝐸)(∆𝑡) . 

 
Thus,  (∆𝑝)(∆𝑥) ≥ ℏ/2  implies  (∆𝐸)(∆𝑡) ≥ ℏ/2  .  QED 
 


