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Wavefunction and Reality 

only quantum formalism      or     „real“ quantum world ? 

        Interpretations of  the quantum wave function ψ 
 
�  Copenhagen Interpretation 
�  Many worlds theory 
�  De Broglie-Bohm Interpretation 
�  Decoherence 
 



Copenhagen Interpretation 

�  Pioneer of  the interpretations 
�  Origin: Discussions at the institute of  theoretical physics in 

Copenhagen between 1925 and 1927 
�  Intellectual fathers: Niels Bohr, Werner Heisenberg,  

Wolfgang Pauli 
�  Postulate: Collaps of  the wave-function through measurement 
�  Wave-function ψ is no real physical entity, but an abstract 

mathematical tool 



Copenhagen Interpretation 

Credit: Reinhold A. Bertlmann and Tanja Traxler 



Copenhagen Interpretation 

�  Interessting: no fixed definition 
 
Claus Kiefer (2002): „There has never been complete 
agreement about the actual meaning, or even definition, of  this 
interpretation even among ist main contributors. In fact, the 
Copenhagen interpretation has remained until today an 
amalgamation of  different views.“ 
 

�  Open question: Why collapse? 



Many worlds theory 

�  Postulate: Collaps is 
just illusion 

�  Mathematical 
formalism obtains 
real meaning 

�  Measurement: 
universe splits 
into parallel worlds 
 

Credit: Max Tegmark 



De Broglie – Bohm Interpretation 

�  Developed by Louis de Broglie (1920ies) and  
David Bohm (1950ies) 

�  Wave-function ψ is real physical entity 
�  Deterministic theory, measurement not unique process 
�  Basic idea: quantum mechanical system not only described by 

the wave-function, but mainly by the trajectories of  the system. 
The trajectories themselves are hidden parameters since the 
position of  the system is not determined precisely as long as it is 
not measured. 



De Broglie – Bohm Interpretation 

  
     
    Simulation of  a Bohmian trajectory at the double slit: particles are 

governed by the wave-function, which interferes at the double slit  
        interference pattern even though the trajectories are being 
described. 

                                                                                       Source: Wikipedia 



Decoherence 

�  Basic idea: no quantum system is completely isolated, but every 
system is in interaction with its environment 

�  Interaction with its environment destroys quantum phenomena 
like entanglement or superposition 

�  Collaps of  the wave-function is replaced by decoherence 
process 
 

Next slide- Credit: W. Zurek 
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Quantum physics and philosophy 

Main philosophical questions in physics 
 
�  Reality 
�  Matter 
�  Determinism/Causality 
�  Subject/Object – Observer/Observation 



     „ It has often been said, and certainly not without justification, 
that the man of  science is a poor philosopher. Why then should 
it not be the right thing for the physicist to let the philosopher 
do the philosophizing? Such might indeed be the right thing at a 
time when the physicist believes he has at his disposal a rigid 
system of  fundamental concepts and fundamental laws which 
are so well established that waves of  doubt can not reach them; 
but it can not be right at a time when the very foundations of  
physics itself  have become problematic as they are now. At a 
time like the present, when experience forces us to seek a newer 
and more solid foundation, the physicist cannot simply 
surrender to the philosopher the critical contemplation of  the 
theoretical foundations; for, he himself  knows best, and feels 
more surely where the shoe pinches. In looking for a new 
foundation, he must try to make clear in his own mind just how 
far the concepts which he uses are justified, and are necessities.” 
  
Albert Einstein: Physics and Reality (1936) 



What is matter?	  
	  
 
Classical conception: important in the classical conception is 

that matter is considered as fundamentally different from 
forces and fields  

 
Modern physics: concepts of  matter and fields are melting  

(Erwin Schrödinger: Was ist Materie?, 1952) 
 
 
What is matter? 
What is a particle?  
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Fritjof  Capra: Tao of  Physics (1975)	  
	  

Unity of  Matter: 
 

Quantum physics: basic elements of  matter and phenomena are 
connected, no isolated entities but part of  an environment 

 
    „The world thus appears as a complicated tissue of  events, in which connections of  

different kinds alternate or overlap or combine and thereby determine the texture of  
the whole.“                                                              (Werner Heisenberg) 

 
    “The material object becomes . . . something different from what we now see, not a 

separate object on the background or in the environment of  the rest of  nature but 
an indivisible part and even in a subtle way an expression of  the unity of  all that 
we see.”                                                                            (Sri Aurobindo) 



Beyond classical opposites: 
 

Quantum physics: wave-particle duality, uncertainty relation, 
complementarity, superposition, etc. 

 
   “If  we ask, for instance, whether the position of  the electron remains the 

same, we must say ‘no’; if  we ask whether the electron’s position changes 
with time, we must say no’; if  we ask whether the electron is at rest, we 
must say no’; if  we ask whether it is in motion, we must say ‘no’.”                                                     

           (J. P. Oppenheimer) 
 

“It moves. It moves not. 
It is far, and It is near. 
It is within all this, 
And It is outside of  all this.”                      (Upanishads) 




