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Today we desoride the physical world in terms of elementary particles and forces
acting between these particles - gravitation, electromagnetimm, and other forces. The
question raises itself vhether a deeper-going analysis of nature will explain forces in
terms of particles, or sscount for the strusture of particles in terms of fields of
force, or leave particles and flelds coequal in the final reckoning. The purpose of
this essay is to show that one gets an entirely new light om this question by considering
the action of gravitational forces, vhich are so often considered to have ‘nothing to do
with the problen of the conatitution of matter. It turns ocut that gravitational forces are
able in prineiple te hold together an electromagnetic wave disturbdance in a limited domain
of space. loreover, the energy of this electromagnetic wave can in principle de great
enough, and the mads of this energy large emough, to provide all by itself the stabilise
ing gravitational force. In other words, well estadlished principles of the classical
physics of gravitation and electromagnetism lead one to recognise the potential existence
of a new kind of object which I shall call "geon® as an abbreviation for the term “gravi-
tational-electromagnetic entity?., Such an object is ethereal and immaterial in the sense
that novhere within it ie there any matter in the ordinary sense of that term. Yet the
geon possesses mase and moves through space as a single object. This entity furnishes
for the first time a singularity-free, self-consistent pilcture of the Newtonian concept
of "body", over the range of sizes where one can analyse geons with getting into quantum
phenomena. To show that the existence of & geon is in principle possible is therefore
to show that gravitation cen glus together energy to make matter. )

The potential existence and the properties of & gzeon depend upon four well estad-
lished physical effects: the bending of light by a gravitational field, as for example
the gravitational field of the sun; the fact that gravitational forces arise from mass;
the equivalence of energy to mass; and the proportionality of electro-magnetic energy
density tc the square of the electromagnetic field strength. The first effect says that
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a peneil of radiation of radius » and of veloocity ¢ oan be bent into a circle of a
mach larger radius R by a centrally directed sravitational acceleration of the order
of g ealﬁ. The second effect is sumarised in Newton's law of gravitation, according
to wvhieh g GM/R°, vhere 0 1o Newtom's constant of gravitation and K 4is the mase--
in this case the mass of the geon. These two relations together say that the radius of
a classical geon is connected with 1ts mass by a formula.

(rediug) e R (6/0%)% & (0.7 x 10°°Com/gm) times (mase)

The third and fourth relations eennect the mass with the volume of the geon and the
strength of the electromagnetic field, and show that the smaller the geon, the astronger
the fields. A detailed analysis of these flelds and of the stadbility and properties of
geons is contsined in a teshnical mecownt, "Geons", the manuseript of which has been
sent to The Physical Review for publication and a ocopy of which is attached to the orig-
inal copy of this essay as an sppendix. There it is shown that the most stadle geons
have a doughnut shape: the gravitational field of the electromagnetic wave aots as a
wvave guide io hold the wave together.

The energy of a geon slovwly leaks out. At the same time the mass and radius of the
object slowly fall. The rate of loss of energy is the smaller, the shorter the wave
length of the radiation cormpared to the radius of the doughmit. Thus a geon shows &
characteristic r&&imtivuy. In addition to spontaneously losing energzy, a geon which
makes an encounter with another geon will btring sbout 2 transmutation in which the two
geons may coalesce or break wp into smaller geons plus free radiation energy. In this
sense geons show some of the properties of the material particles we know in nature.

As immaterial field emergy which gravitatéon can bind together to make materiasl mass
we have not only elesctromagmetic weves, but also neutrino radistion. FPrelimimary experi-
mental evidence for the absorbability of neutrines has recently been obtained by Reines
and Cowan, increasing the evidence that neutrinos form a fundamental element in the des~-
cription of nature. Thus one has to recognise in prineirle not only electromagnetic geons,
but also neutrine geons, and geons of a mixed constitution,

¥hat does one mean Yy the words "potential existence” and "existence in principle®
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as applied to geons descridable in terms of classical physica? Only this, that suah
objects are so large (10"%: to loaawn 1039@ to 1058@) .that one hag no reason to de-
lieve that sush objeots still exist in nature, if they ever did at one time. By novw,
their natural radicactive decay and their collisions with each other will presumably
have reduced them all below a critical size vhere one has to use quantum=language to
describe their behavior. This 1imit occurs for electric flelds in excess of sbout 10-6
volts/em, above which space is known to give bdiwth spentansbusly to pairs of pesitive and
negative elestrons.

Small geens tihma become quantum objests, With decreasing mass, {luotustions in the
gravitational fields degin to zrow in importance compared te the static aversge gravitation-
sl field, Small geons thus dring us into an entirely new kind of physics, where we deal
with a mixzture of gravitation theory and quantum theory 2t small distances., }No one has
yet analysed this kind of phyeics in any detall., We are in no position te say that small
geons are the same as the elementary particles that we find in nature. But we are in a
position where we cannot aveid this issue: If small geons are not the elementary particles
that constitute our physical world, what are they? Vhatever the answer that physics
glves to this question im the future, we can at least say this much nows The existence
in prineiple of classical geoms tells us that gravitation is & glus that can bind to-

gether immaterial energy to make cbjects that have mass.



