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INTRODUCTION

The main work of this period is‘the application of the quantum set theory
formulated in the past year as a Clifford algebra over the integers. The
principle application is to the construction of trial theories that in the
continuum limit ("chronon" approaching 0) conform to the principles of
1. Special Relativity: Local Lorentz Invariance, 2. Quantum Theory: Hilbert
space kinematics, and 3. Gauge Theory: Interactions express curvature. These
models, by principles 1 and 2 and the previous work, must have a local real-
tetradic structure (tensor products of four real factors) rather than the
complex-binary structure (spinor space) studied previously. Turning to firmer
ground for applications of the formalism, we attack the problem of a quantum
theory of the topology of solids as a useful preliminary to a quantum theory of
time space topology. It should now be possible to formulate and compute oper-
ators expressing for quantum solids curvature properties presently described
by the Burger's vector in the classical limit. Concepts of field and source
for quantum solid defects should be useful for the analogous entities in

quantum time space.



1. Scientific Background

We continue to apply the tentative principles of atomism, asymmetry, and
anomy formulated earlier. As a result of the developments of 1980-81, we
adduce the following heuristic principles as well:
1.1 Discrete curvature

The idea that there might be a discrete quantum structure underlying the
time space continuum too has long been entertained. The success of gauge
theories in unifying weak, electromagnetic and strong interactions suggests
that the underlying quantum theory be developed in a way that brings in the
concept of gauge and curvature at an early stage. The best--perhaps only--
example of a discrete physics with gauge and curvature is solid state physics,
where the Burger's vector is the usual description of curvature. For comparison,
the Burger's vector of time space for paths around the sun has length equal to
the Schwarzschild radius of the sun, P. G. Bergmann has pointed out. Accordingly,
we have developed a calculus for the description of discrete curvature in the
absence of the usual time space framework. This is the "quantum set theory"
formulated in the previous year of this program. It is gratifying that the
most mathematically natural expression for this theory is a Clifford algebra
(which we call S for "set") playiung much the role of a Fock space, but genera-
ted by a single operation (called Br for "brace", the curly bracket of set
theory), rather than by the continuous field of creation operators used in
the usual Fock space of particle theory. 1In the process of formulating this
theory, the long-vexing problem of the "quantum exponential" has been dissolved.
The ezponential Y**X or Hom(X,Y) is the usual way to make the algebra describ-
ing a field from the algebras X and Y describing the domain and range of the
field functioms. The problem is that for Hilbert space algebras the exponential

is isomorphic to the product, which is physically inappropriate for a field



theory. The resolution is that a Hilbert space algebra X is not a sufficient
description for a set of many points, but only describes one "generic point"
or "possibility", and temnsor product structure must be added to describe a
set of many actually-existing entities. This is done in S.

1.2 Real quantum Jlogic |

The conviction has strengthened in the previous period that time space
quanta ("chronons'") employ the real field of coefficients, not, say, the
complex usual for quantum mechanics, or the quaternion field comnsidered in
some generalized quantum theories. I cite five theoretical heuristic indicators:

1. The simplest representation of the Lorentz group operates in L(2,C),
the linear space of (binary) spinors, and so this space and its field are
often used in work towards quantum time space. This representation, however,
does not admit a Lorentz vector of operator components, and such a vector is
needed to construct time space vectors. (It admits merely a Lorentz vector
whose components are bilinear forms.) The simplest representation of such a
vector of operators acts in the linear space L(4,R) of the Dirac-Majorana
representation, which has real coefficients. (Thus L(2,C) is too small,
L{4,C) is too big, L(4,R) is just right.)

2. It is hard to accept the usual quantum logic as basic, on the mathe-
wol el aond intuitive grounds thai Rt cuploys complex cocfTiclents.  One of
the reasons for inventing set theory in the first place was to express the
complex numbers in terms of more clementary notioms. The quantum set theory
5 seems mathematically simpler than classical set theory only if it is
formutated with real--indeed, intcger--cocfficients.

3. The i of the complex coelficients is a central ("superselection')
operator: all observables commute with it. The only origin for central

quantities we know (aside from baldly postulating them) is large numbers and



random phases. (For example, this is why macroscopic quantities and the
results of measurements are central.) If i is central for such statistical
reasons, it may not be central in the one-object case, the single "chronon"
of the quantum time space network.

4. There is no actual loss of generality in working with integer matrices
in the quantum theory'(unlike the classical theory) of the Lorentz group. The
4x4 integer matrices define projective transformations of L(4,R) that are
dense in the projective representation of the Lorentz group.

5. The space of (quantum) binary sequences, formulated either in the
language of "the space-time code"” or S, has a "tangent space'" generated by

four finite operators
C', C", d', dH

("create a 0", "create a 1", “delece a 0", "delete a 1", respectively). Over
the real field, these generate an algebra whose group is already large enough
to include the Lorentz group. (The Lorentz group is the subgroup leaving
invariant not only the canonical commutation relations of the c¢'s and d's
but also a particular "i".)
1.3 C(Classical quantum effects

During the previous quarter a definite formulation has been found for the
long~entertained idea that whenever physical determination processes interact
with and change the systems they determine, logical structures resembling
quantum logic (complementarity logic) appear. We pose the problem of deter-
mining the structure of an automaton by its responses to data inputs, in a
context where the exact state of the automaton is not initially known, and the

internal state of the automaton (and thus its future responses) may be modified



by the input data. This problem is being analytically and experimentally
studied by Shlomit Finkelstein (graduate student). The thesis is proposed
that the (Galois) lattice of the relation between 1nitial and final deter-
mination describes the logic of the intercomputer situation, as it does the
logic of quantum mechanics. This form of the problem, however, is evidently
a basic general form for many problems of artificial intelligence, and
therefore support for this facet of the work is being sought elsewhere. In
the present work, it will be supposed (as seems most likely) that the world
has a quantum.logic "all the way down".
2. Scientific Program

The following presentation employs some of the concepts developed in this
program and presented as part of the scientific background for this proposal.
2.1 Quantum time space

It is necessary to go over the ground of the '"space-time code" studies
with the Clifford algebra S of quantum set theory as the basic language. One
of the difficulties of the early work was the origin of the Clifford algebra
of Dirac (the Clifford algebra of Minkowski space). We now have a formalism
in which Clifford algebras arise quite naturally and with unambiguous meaning.
it is 1likely that exact covariance under a group dense in the Lorentz group
can be effective at the basic level, being represented by GL(4, Int) acting on
the components of a quadruplet (4-component spinor) such as (¢', ¢", d', 4d")
of Section 1.2.
2.2 Quantum topology of solids

The remarkable successes of gauge theories make tenable the hypothesis
that interactions express curvatures. We seek to formulate this hypothesis

in a gquantum topology.



There already exists a domain of physics where discrete topological
structures give rise to curvature and its sources. That is solid-state
physics. We take up the quantum formulation of the concepts of dislocation
and Burger's vector already highly-developed for classical studies in a
continuum limit, using our quantum set theory to formulate the necessary
concepts of quantum path, quantum connection, and quantum curvature. This is
not a study in the fine-structure of time space, but of the dynamics of small
solid aggregates, and may use the usual Hamiltonian quantum mechanics. The
unit cell of a crystal defines a transport of its edges to the corresponding
edges of adjacent cells. This transport is integrable in the absence of
defects. Thus defects appear as sources of curvature, a discrete analog of
general relativity. The task is a quantum formulation of this relatioﬁ
between defects and curvature.

2.3 Quantum set theory

Ernesto Rodrigues (graduate student) is studying the theory of quantifi~
cation of quantum set theory and the generalization to sets of infinite
cardinality.

2.4 Nonholonomic quantum theory

A model of spinning particles previously studied by David TFinkelstein
leads to the problem of the quantization of systems with nonholonomic con-
straints, higher dimensional relativistic analogues of the rolling ball.
Navid Twedtke (graduate student) is studying the canonical quantization of
nonholonomic systems in this conncetion. lMis work has direct application to
pauge fields, which often have nonholonomic constraints.

2.5 Black holes
The hydromagnetic (Rayleigh-Taylor-Krukal) stability of the accretion disk

of a magnetic black hole is being studied by David Vogel (graduate student).
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1. Publications

1. D. Finkelstein, "Quantum Set Theory and Clifford Algebra", Intern.
J. Theoret. Physics 1982 (in press)

2. D. Finkelstein, "Cosmological Choices", Synthese 50 (1982) 399.

%. D, Finkelstein, "A Search for Unity", in the Weizsaecker Festschrift volume
to be published in 1982. » ‘ I

4. D. Finkelstein, "Coherence and Possibility", Kenyon Review 4 (1982) 95.

2. Seientific Collsborators

A workshop on Quentum Topology has been conducted since 1980, It is
attended regularly by sev:ral graduate students and an outside visitor,
and irregularly by other graduste students and faculty.

Graduate students collsborating on this research and taking part in the Quantum

Topology workshop are:
David Luedtke

Ernesto Rodrigues
Shlomit Ritz Finkelstein

Collaborators in scme of this work who have taken part in the workshop include

Gregory Chaitin, IBM
Prof, J. Williams, Okanaga U., B. C.
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