





ghenomena, could, under these circumstances, constitute the ul-
timate classical level which must be postulated, even in the quant-
um theory, inorder tohave a consistent “quantum theory of meas-
urement”.* The gravitational field could be produced, not by the
quantum stress tensor of all the other fields in nature, but rather
by the quantum mean value of thistenor. If ¥ denotes the quantum
State vector of the quantized fields, it would satisfy an invariant
Schrodinger equation of the form

iﬁcg—;]i =Hu¥Y, (the symbol % = g}l )s
where dx+ is a “time-like” displacement. The Hamiltonian c;rensity
Huwould, of course, depend on the metric tensor g. aswell ason
the quantized field variables. But 8w, depending on the mean
stress, would depend on V¥ and its adjoint WV*, Hence equation (1)
w.ould be non-linear in ¥, and one of the most fundamental prin-
ciples of the quantum theory, namely the principle of superposition
f’f states, would be invalidated. However, this principle would be
invalidated only in the large; it would still be true at the quantum
level. The dependence of Hyon the g, would be important only on
a cosmic level. And here, the superposition principle is of no
consequence. The universe is in one and only one state W*. There
exists, so far as we know, no coupling with forces outside the uni-
verse which could cause a transition of the universe to a different
state. The state vector V¥ will satisfy equation (1) for all time.

Hoxyever, evenif the gravitational field is left unquantized, there
remain difficulties. To mention only one, if an “impressea” un-
quantized gravitational field is allowed to interact with the vacuum
fluctuations of those fields which are quantized, a polarization
effe'ct will result which is non-calculable owing to divergence
d1ff1‘culties, and which cannot even be handled by modern “renor-
malization” techniques.’ This isa situation whichis not aggravated
by quantization of the gravitational field. In point of fact, at the
present stage of the game, there is little to choose betvs;een the
two po.ssibilities. Improved methods of computation and/or inter-
pretation may overcome the difficulty mentioned here, as well as

tl_le covariance-failure of the quantized theory mentioned pre-
viously.

There still remains a powerful asthetic argument on the side
of .qgantization. The dream of a “unified field theory” is as tan-
talizing as ever. But in a consistent unified field theory one could
hardly exempt one part and not the other of a “super-field” form
quant‘lzation. Furthermore, a unified field theory may well be the
solution to some of the outstanding fundamental problems of the
present day. A unifying principle of some sort is clearly needed
to solve the problem of the “mass spectrum” and to bring a sem-
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blance of order intothe baffling array of odd varieties of elemen-
tary particles.

Pais*$ hasrecently putforward a theory of heavy particles based
on an extension of the manifold of transformations from four di-
mensions to six. While the idea of adding extra dimensions is by
no means new, Pais’ particular method is original and interesting.
By means of it he is able to predict the existence of particles which
have properties similar to, and whichhe identifies with, nucleous,
V particles, and = and 7 mesons. Furthermore, he is able to
derive the charge independent of nuclear forces and the law of
conservation of heavy particles from fundamental invariance con-

ditions.

Although Pais specifically disclaims any metric properties for
his extra two dimensions, there is no reason why his theory can-
not be made completely geometrical. I should therefore like to
suggest the following model for Nature: The universe is six-di-
mensional, with five space-like dimensions and one time-like di-
mension. Of the five space dimsnsions, two are closed on them-
selves with the topology of a spherical surface. The other three
are the familiar dimensions of space. The reason we are not im-
mediately aware of the two closed dimensions is that the spherical
radius involved is extremely small. The metric of the six-dimen-
sional manifold varies according to a set of equations derived from
a variational principle based on the total curvature tensor. The
metric tensor describes all boson fields, including the gravita-
tional, electromagnetic, = and r meson fields. The fermion
fields, including electrons, neutrinos, muons, nucleons, and V
particles, are described by a superimposed spinor field” together
with a corresponding Lagrangian function.

Preliminary investigation indicates that this model will possess
all the qualitative features of Pais’ model, including mass spec-
trum and stability properties. In addition it will yield necessary
cross-couplings that Pais was unable to account for.

The final point of this note is now evident. If the gravitational

field is welded into a single entity along with electromagnetic and
meson fields, circumstances can arise (at least in the subnuclear

* In my reference to the work of Pais, I state that my proposal of
a six-dimensional space-time is notonlyequivalent to, but isalso
ageneralization of hisideas. This isnot true, asIhave discovered
by further investigations carried out since I submitted this essay.
My proposal is similar to Pais’ at a number of points, but proves
to be inadequate to describe the experimentally observed physical
situation at a number of other points.
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domain) in which one field cannot be distinguished from another
and a broadening of the term “gravity” becomes inevitable. Undel
these circumstances one may well anticipate being able to “har:
ness gravity”. The vast riches of Nature in this domain are at
yet virtually untouched.

If, however, one is ever to be able to do more than merely ¢
in contemplation of the delicate interplay of forces, both vast an
small, between the elementary particles, one must understand i
the clearest possible terms precisely what goes on behind the
scenes. At the moment, our understanding of these matters
extremely poor. To the extent thatthis lack of understanding fall:
in the domain of gravitational theory (in the largest sense), the
unrewarding nature of research in this field is to be blamed. Ex-
ternal stimuli will be urgently needed in the near future to en-
courage young physicists to embark upon gravitational research
in spite of the odds.
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