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Project  Summary 

 

• Quantum Theory implies that Classical Space-
time is an approximation to a `Quantum 
Space-time’. 

 

• Taking this implication to its logical conclusion 
can solve the Quantum Measurement 
Problem.   
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PLAN of the TALK 

1. PROJECT GOALS 

 

2. PROPOSED APPROACH 

 

3. RELATING THEORY TO EXPERIMENT 
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I. PROJECT GOALS 

• There should exist an equivalent reformulation of quantum  theory which 
does not refer to classical time. 
 

• Such a reformulation is a limiting case of a nonlinear theory, with the 
nonlinearity becoming important at the Planck mass/energy scale. 
 

• This implies that ordinary quantum theory is also a limiting case of a 
nonlinear theory. 
 

• The nonlinearity can induce collapse of the wave-function during a 
quantum measurement, and hence provide a solution to the  
measurement problem. 
 

• Experimental tests of the theoretical predictions of the nonlinear theory.  
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QUANTUM THEORY 

QUANTUM THEORY WITHOUT TIME 

NONLINEAR THEORY WITHOUT TIME 

NONLINEAR QUANTUM THEORY 

? 

WAVE-FUNCTION COLLAPSE 

EXPERIMENTAL TESTS OF THE THEORY 
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Quantum Theory   
 

Quantum Theory without Time  

• Time is part of a classical space-time geometry : a metric on a 
manifold. 

 

• The metric is determined by classical bodies. 

 

• In the complete absence of classical bodies, the metric will 
fluctuate, and there will be no underlying classical space-time 
manifold. 

 

• Yet, there should be a description of quantum theory. 
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Quantum Theory without Time 
 

Nonlinear Theory without Time  
 

Nonlinear Quantum Theory 

• The `quantum gravitational field’ produced by the `quantum 
mechanical particles’ feeds back on itself. 

 
• This field also affects the motion of the very `particles’ which 

are producing it. As a result, the `equation of motion’ of the 
particles is a nonlinear  equation [the equivalent of a nonlinear 
Schrodinger equation].  The nonlinearity is important only near 
the Planck mass/energy scale. 
 

• When time is recovered, the nonlinear theory is equivalent  to 
a nonlinear quantum theory. 
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II.   PROJECT APPROACH 

 

• PART A :        Understanding the Theory of Trace Dynamics 

                           [Quantum Theory as an Emergent Phenomenon] 

                            Stephen Adler and collaborators 

 

 

• PART B :        Generalization of Trace Dynamics to remove                 

                            classical time.  
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PART A : TRACE DYNAMICS 

• Objective : Do not construct quantum theory by quantizing a 
classical theory. Derive it from an underlying theory, and then 
obtain  classical mechanics as a limit of quantum mechanics. 

     [THE TOP-DOWN APPROACH] 

 

• Trace Dynamics is the classical dynamics of non-commuting 
matrices [operators], whose elements  belong to the 
Grassmann  algebra.  

 

• A Trace Derivative with respect to an operator, of a 
polynomial function of these matrices, can be defined. 
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TRACE DYNAMICS 

• A classical Trace Lagrangian, Trace Action, and 
Lagrangian and Hamilton’s equations of 
motion can be defined [a non-operator time is 
taken as a given]. 

 

• The conserved quantities are the Trace 
Hamiltonian, a `Trace Fermion Number’ and 
the remarkable Adler-Millard charge : 
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TRACE DYNAMICS 

 

 

• The existence of this unusual charge [a 
consequence of global unitary invariance], is 
central to the emergence of quantum theory. 

 

• Next step : Construct a statistical 
thermodynamics of this classical dynamics.  
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TRACE DYNAMICS 

• At equilibrium, an equipartition theorem holds, as a 
consequence of which the Adler-Millard charge is uniformly 
distributed over all degrees of freedom, and the contribution 
per degree of freedom is assumed to be equal to Planck’s 
constant. 
 

• As a consequence of a Ward identity, the thermodynamic  
averages of the canonical variables obey the Heisenberg 
[equivalently] Schrodinger’s equations of motion, and the 
quantum commutation relations also emerge. 
 

• In this sense, quantum theory is an emergent phenomenon. 
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Solving the Measurement Problem  

• Quantum theory emerges from the statistical mechanics of Trace 
Dynamics, in the limit of thermodynamic equilibrium. 

 

• When one considers the Brownian motion fluctuations about equilibrium, 
the Schrodinger equation is modified to a stochastic nonlinear Schrodinger 
equation. 

 

• These nonlinear modifications become more important for larger systems, 
and make linear superposition an approximate principle. 

 
• As a result of these fluctuations, a system initially in a superposition is 

randomly driven to one or the other outcomes, in accordance with the 
Born probability rule, in a finite time. 
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PROJECT APPROACH : PART B  

 

Generalization of Trace Dynamics to Remove 
Classical Time 

 

Physical laws are invariant under general 
coordinate transformations of  

noncommuting coordinates 
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Trace Dynamics with Time as an Operator 

 
 

• The most general linear transformations which leave this line-
element invariant are Lorentz Transformations. 
 

• In analogy with ordinary special relativity, one can construct a 
non-commutative special relativity. 
 

• A generalized Trace Dynamics can be constructed, with space-
time coordinates as operators, and there is a generalized 
Adler-Millard charge   [time and energy are operators].  
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Further Steps 

• Construct the statistical thermodynamics of the generalized 
Trace Dynamics. 
 

• Obtain a generalized linear quantum theory with an operator 
time, in the limit of thermodynamic equilibrium. 
 

• Consider Brownian motion fluctuations around the 
equilibrium, and obtain classical space-time and classical 
dynamics as an approximation, in the limit of large masses. 
 

• On this background, one can now reconstruct  Adler’s work. 
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III. Relating Theory to Experiment 

 The Quantum to Classical Transition 
 

In between the microscopic quantum domain, and 
the macroscopic classical domain, there is a 
mesoscopic domain. Here the mechanics is neither 
quantum, nor classical, but very likely given by a 
stochastic nonlinear Schrodinger equation. 

 
Construct experiments to look for breakdown of 

superposition. 
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