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Abstract

Modern physical theories are deterministic in the sense that once we know the current state of the
world, we can, in principle, predict all the future states. This was true for classical (pre-quantum) theories,
this is true for modern quantum physics. On the other hand, we all know that we can make decision that
change the state of the world — even if, for most of us, a little bit. This intuitive idea of free will permeates
all our life, all our activities — and it seems to contradict the determinism of modern physics. It is therefore
desirable to incorporate the idea of free will into physical theories. In this paper, we show that in quantum
physics, free will leads to nonconservation of energy. This nonconservation is a microscopic purely quantum
effect, but it needs to be taken into account in future free-will quantum theories.
©2013 World Academic Press, UK. All rights reserved.
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Physics is mostly deterministic. Traditionally, in physics, the state of world changes with time in ac-
cordance with appropriate differential equations; see, e.g., [5]. For example:

e in Newton’s mechanics, we can use Newton’s equations;
e to describe the changes in the electromagnetic field, we can use Maxwell’s equations;

e to describe the changes in the state ¢ of a quantum system, we can use Schrédinger’s equations
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in which H is an operator describing the total energy of the system.

In all these situations, once we know the state of the world at some moment of time t;, we can uniquely
determine its future state.

It is important to take free will into account when describing the physical world. In physics, the
future state of the world is pre-determined. This pre-determination contradicts our intuitive understanding
that we humans have free will, that often, we can make decisions, and the outcomes of these decisions are not
pre-determined: depending on what we decide, the state of the world will change.

Free will is not just an abstract philosophical viewpoint, it is a practical notion that guides our lives and
our behavior. It is therefore desirable to modify physics to avoid this disturbing contradiction between physics
and our everyday behavior; see, e.g., [1, 2, [3, [4, [6, [7, [8], @) 0L [T, 12} 13} 14} 15 16] and references therein.

In classical (pre-quantum) physics, it is relatively easy to come up with equations that allow
free will. Let us start with the situation in classical (pre-quantum) physics. Let us start with simple
physical systems, such as point particles, whose state s(t) at any given moment of time ¢ can be described
by describing the values of finitely many quantities s1(t),...,s,(t). For example, in the original Newton’s
approximate description of celestial bodies as points, to describe the state of each body, it is sufficient to
describe the current values x1, xo, and z3 of its three spatial coordinates, three components vy, v, and vz of
the current velocity, and the body’s mass m. In electrodynamics of point particles, we need to add electric
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change ¢ to the list of these quantities. To describe a system of several interacting points, we need to describe
the quantities describing each of these points.
Dynamical equations describe how each of these quantities change:

dSi
dt

= fi(Sl,SQ, .. )

For example, in Newton’s celestial mechanics, such equations describe how the corresponding parameters xgj ),

vgj), and m) of different bodies j=1,2,... change:
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where G is the gravitation constant.

ds;
If we take freedom of will into account, then the change in the state d—Z is no longer uniquely determined

by the current state s(t). So, to determine the desired change, we also need to describe the values of some
other quantities fi, ..., which we can set arbitrarily because of our freedom of will:

ds;

dt :fi(81a827"'7f17"')'

There is no differential equations for describing how the quantities f, change, since we can change them at
will.
When the effect of the new quantities is small, we get a small change in the original physical theory.

In quantum physics, the situation is drastically different. In quantum physics, the situation is
different. In quantum physics, the state of the world at any given moment of time ¢ is described by a wave
function ¥(t), and the change in this state is described by Schrodinger’s equation ([1). In this equation, the
change is determined by the Hamilton operator H that describes the total energy of the system.

d
So, if we want to allow non-determinism, if we want the ability to change the derivative —w, we have to

be able to change the Hamilton operator.

How this leads to nonconservation of energy. In quantum case, as we have concluded, freedom of
will means that we can modify the Hamilton operator, the operator that described the total energy of the
system. What does it mean that the Hamilton operator changes? It means for the some states, the energy
value changes. Thus, in effect, in quantum physics, freedom of will means that, by exercising our will, we can
change the total energy of the system. In other words, in quantum physics, free will leads to non-conservation

of energy.

How big is expected energy nonconservation? As we have mentioned earlier, in classical (pre-quantum)
effect freedom of will does not necessarily lead to energy nonconservation. Thus, energy nonconservation
caused by the freedom of will is a purely quantum effect, that disappears in the classical limit, when the
Planck’s constant & tends to 0. So, this purely quantum effect should be proportional to & and thus, it should
be reasonably small. This smallness explains why this effect have not been observed: in our usual free-will
decisions, we control macro-size objects, objects for which the quantum-size microscopic changes in energy
are not easy to measure.

Conclusion. To make sure that physics is in better accordance with our intuition and our everyday expe-
rience, it is important to incorporate freedom of will into physical theories. Current physical theories are all
based on quantum mechanics; it is therefore necessary to incorporate freedom of will into quantum physics.
In this paper, we show that this incorporation leads to an unexpected observable effect: nonconservation of
energy.

This nonconservation is a purely quantum effect, it is microscopically small for macro-objects, but it needs
to be taken into account in future free-will quantum theories.



178 V. Kreinovich: In Quantum Physics, Free Will Leads to Nonconservation of Energy

Acknowledgments

This work was supported in part by the National Science Foundation grants HRD-0734825 (Cyber-ShARE
Center of Excellence) and DUE-0926721, by Grant 1 T36 GM078000-01 from the National Institutes of Health,
and by a grant on F-transforms from the Office of Naval Research.

This paper is dedicated to my late father, Yakov Kreinovich, whose ideas triggered this research.

References
[1] Crick, F., The Astonishing Hypothesis: The Scientific Search for the Soul, Charles Scribner & Sons, New York,
1993.
| Davies, P., God and the New Physics, Simon & Schuster, New York, 1983.
[3] Dennet, D., Elbow Room, MIT Press, Cambridge, Massachusetts, 1984.
| Dennett, D., Freedom Evolves, Viking Penguin, New York, 2003.
]

Feynman, R., R. Leighton, and M. Sands, The Feynman Lectures on Physics, Addison Wesley, Boston, Mas-
sachusetts, 2005.

[6] Fischer, J.M., God, Foreknowledge and Freedom, Stanford University Press, Stanford, California, 1989.
[7] Frankfurt, H., Alternate possibilities and moral responsibility, Journal of Philosophy, vol.66, pp.829-839, 1969.

[8] Hospers, J., What means this freedom?, Determinism and Freedom in the Age of Modern Science, pp.126-142,
1958.

[9] Kane, R., The Ozford Handbook of Free Will, Oxford University Press, New York, 2002.

[10] Penrose, R., A. Shimony, N. Cartwright, S. Hawking, and M. Longair, The Large, the Small and the Human Mind,
Cambridge University Press, Cambridge, Massachusetts, 2000.

[11] Smilansky, S., Free Will and Illusion, Oxford University Press, New York, 2000.

[12] Suppes, P., The transcendental character of determinism, Midwest Studies in Philosophy, vol.18, pp.242-257,
1993.

[13] Tipler, F.J., The Physics of Immortality: Modern Cosmology, God and the Resurrection of the Dead, Doubleday,
New York, 1994.

[14] Trusted, J., Free Will and Responsibility, Oxford University Press, New York, 1984.

[15] Urenda, J.C., and O. Kosheleva, How to reconcile physical theories with the idea of free will: from analysis of
a simple model to interval and fuzzy approaches, Proceedings of the IEEE World Congress on Computational
Intelligence, pp.1024-1029, 2008.

[16] Van Inwagen, P., An Essay on Free Will, Clarendon Press, Oxford, 1983.



	jus-7-3-2.pdf
	Introduction
	Basic Result: the Value of the Derivative at Minima and Maxima
	How to Find Minima and Maxima
	Mean Value Theorem: Reminder
	Usefulness of the Mean Value Theorem

	jus-7-3-4.pdf
	Background on Fuzzy Logic
	New Result About Polynomial Fuzzy Negation Operations

	jus-7-3-5.pdf
	Formulation of the Problem
	Main Idea
	Towards an Algorithm
	Resulting Algorithm for Estimating Standard Deviation of Random Error

	jus-7-3-6.pdf
	Formulation of the Problem
	First Result: Reconstructing P(S) from f(S)=g(P(S),M(S))
	Second Result: For Strictly Monotonic Combination Operations, We Can Also Reconstruct M(S) from f(S)=g(P(S),M(S))

	jus-7-3-7.pdf
	To Properly Fuse Geophysical Models, It is Important to Estimate Accuracy of Different Models
	Traditional Methods of Estimating Accuracy Cannot be Directly Used in Geophysics
	How to Estimate Model Accuracy: Proposed Idea
	Derivation of the Corresponding Formulas
	Resulting Algorithm

	jus-7-3-8.pdf
	Formulation of the Problem
	Our Explanation of Hill's Equation
	Conclusions

	jus-7-3-9.pdf
	Formulation of the Problem
	Geometric Justification of 1-Norm

	jus-7-3-10.pdf
	Introduction
	Possible and Necessary Orders
	Possible and Necessary Strict Orders
	Possible and Necessary Linear Orders
	Possible and Necessary Equivalence Relations
	Auxiliary Results: Possibly and Necessarily Reflexive Relations
	Auxiliary Results: Possible and Necessary Anti-Reflexive Relations
	Auxiliary Results: Possible and Necessary Reflexive-and-Symme-tric Relations
	Graphical Representation of the Results

	jus-7-3-11.pdf
	Introduction
	Background
	Software Quality Assessment
	Multicriteria Decision Making (MCDM)
	Fuzzy Measures and Integrals
	Determining Fuzzy Measures

	Fuzzy Measure Extraction (FME) and Optimization
	FME and Optimization
	Optimization Techniques for FME: A Brief Review

	Fuzzy Measures Extraction for Software Quality Assessment
	Our Hybrid Approach to Fuzzy Measure Extraction
	Experiments Results on Toy Examples
	Testing Methodology
	Quality of Solutions

	Experiments and Results on SQA
	Testing Methodology
	Experimental Results
	Discussion of Quality Assessment

	Conclusion and Future Work

	jus-7-3-12.pdf
	Introduction
	Proposal




