EXTENDED ABSTRACT

For presentation at the Third International Conference on the
Nature and Ontology of Spacetime

“Inertia and the physical medium pervading Minkowski spacetime”

by
Alfonso Rueda

Gal il eo uncovered the phenonenon of inertia and Descartes inplenmented it in
his so-call ed nmechani stic phil osophy but it was Newton who first formul ated
it mathematically. Economy of thought required from Newton a sinple

hypot hesi s. Newton thus assuned inertia was inherent to mass. For Newton’'s
pur poses no further explanations were required. Soon after Berkeley, in his
rejection of the Newt onian absol ute space concept, questioned this New oni an
hypot hesis on the nature of inertia. It was nuch later that Ernst Mach, in
devel opi ng what Einstein later called Mach’s Principle, did a systematic and
critical analysis of the origin of inertia. Mach argued that, contrary to
Newt on’ s assertion, inertia is not inherent to mass but that it has to do
with the accel erated body interaction with everything else in the universe.
W& hasten to add that being Mach a positivist, he rejected the idea of the
ether. Such concept was devoid of direct enpirical basis. So, for an

accel erated body in enpty space Mach had to search for the origin of inertia
inthe only other viable alternative available at the time: The |ong-

di stance gravitational force which wi thout screening interactions connected
the body to the distant stars. Mach thought the stars, by their
gravitational pull, conspired to oppose the body s acceleration. Einstein
started from Mach’s conceptual framework in devel oping his highly successful
theory of general relativity but soon after he realized that general
relativity contradicted Mach’s Principle. This fact is w dely known today
(e.g., Rindler) and with only a few exceptions it is viewed as the nenesis
of Mach’s Principle.

In spite of Mach's Principle shortcom ngs some of Mach’'s views are quite
valid. Even if the well-localized inertia reaction force is not, as Mch
pretended, directly due to the gravitational |ong range action of
astrophysi cal bodies in distant confines of the universe, Mach’'s idea that
the inertia reaction is due to something outside the accel erated body but
that interacts with the body still holds. W all know that the inertial
force is instantaneous and nost naturally we viewit as quite |local. And
this brings us to the physical nmediumthat pervades M nkowki spacetinme and
that can be viewed as formng part of it. According to present day views
each fundanental interaction of the standard nodel has its associated
guantum vacuum |f we take such vacua seriously and assune they are real
then the assunption of a quantum background medi um nmnade of fluctuating zero
tenperature boson fields concomtant with fluctuating particle-antiparticle
evanescent fermon pairs, becones fairly natural. Such background medi um has
been call ed the physical vacuum (T.D. Lee) and is thought to be pervasive

t hr oughout M nkowski spaceti ne.

In spite of all this, it was only until the nineteen-nineties that it was
proposed by several independent researchers that inertia nmight, one way or
another, be related to the presence of such nmedium This is what we today
call the “quantum vacuuminertia hypothesis”. So far the calculations up to
this day, only deal with el ectronmagnetic vacuuminteractions. There have
been a few rat her conpl ementary approaches: First we have cal cul ati ons of
zero-point field action on an accel erated body that is el ectromagnetically



interacting (this author and a few collaborators). Second there were rather
simlar considerations but based instead on radiation reaction (V. Petkov).
Zero-point field and radiation reaction are two conpl enmentary agents that,

as opposite sides of the sane coin, play a conplenmentary role when anal yzi ng
several vacuum i nduced phenomena i n quantum el ectrodynamics (P. Mlonni). A
third approach involving instead the el ectromagnetic interaction of the
accel erated body with the Dirac vacuum of el ectrons and positrons was
proposed al so around that tine by the |late Jean Pierre Vigier

In order to be able to consider only the gravitational interaction | am
going to study here the case of an object that is macroscopic in size and
that interacts only electromagnetically. As correctly argued, e. g, by Frank
Wl czek and by Robert Laughlin, the inertia reaction is an energent
phenonenon. The object we consider is macroscopic in size because Newton’'s

| aws are not applicable to elenentary particles in quantumfield theory. It
is only when macroscopi c aggregates are considered that Newon's | aws
energe. And for sinmplicity of treatnent the body we consider interacts only
el ectromagnetically. O course, no real body that we know of is exactly |ike
that. But a good approxi mati on however is that of an el ectromagnetic cavity.
This is particularly if for our nodel we neglect the walls and, nmaking sone
abstraction, consider only the interior of the cavity. First we discuss in
general the el ectromagnetic nodes structure of cavity resonators. The high
frequency cut-off is determned by the plasma frequency of the electrons in
the conducting netallic walls. The |ow frequency cut-off is dictated by the
cavity geonetry, e.g., in a rectangul ar parallel epiped cavity the | onest
frequency is determned by the length of the |ongest side, and in the case
of a spherical cavity by the cavity dianmeter.

Next we study the exchanges of energy and nmonentum that take place when an
el ectromagnetic cavity is accelerated in the el ectromagneti c vacuum by an
external agent that applies to it an external force. This is done in two
conpl enentary ways. In one approach we see how the el ectromagnetic vacuum
energy and momentumwi thin the cavity grow as the cavity is uniformy
accelerated. In a second conpl ementary approach we find how the

el ectromagneti ¢ vacuum exerts a reaction force back on the agent that
uniformy accelerates the cavity. For a nore thorough analysis we do this
al so covariantly. We further show that such inertia reaction force in the
subrelativistic case is just of the formf = -ma, where m corresponds
exactly to the total electromagnetic zero-point energy content within the
cavity. In the covariant case one gets the four-force and other features of
the ordinary relativistic generalization. Numerical evaluations yield that
the el ectromagnetic contribution to inertial mass is small but what is
inmportant is that the inertial force displays the correct f = -ma form and
inthe relativistic case it yields the exact four-force of the relativistic
generalization. As far as the vacua of the other standard nodel

i nteractions go (nanmely the weak and specially the strong vacua), we expect
themto play an anal ogous but larger role. This corresponds to the fact that
in ordinary matter the gluonic sector displays the lion's share of the mass
of ordinary objects (e.g., F. Wlczek).

| mportant insights can be gai ned when we apply the previous analysis to an
el ectromagnetic cavity that is freely falling in a uniformgravitationa
field and conmpare it with the nore interesting situation when the cavity is
external ly supported and prevented fromfalling in the same gravitationa
field. This analysis shows that the previous inertial mass corresponds
exactly to the passive gravitational mass. Sone insights on the equival ence
principle are gained. This also allows us to see why Newton's gravitationa



force has an inverse square dependence on distance. Pending still remains to
find the case of active gravitational mass, nanmely, howis it that massive
bodi es bend M nkowski spaceti ne.

Finally we recall that all vacuumfields are usually considered to be
Lorentz-invariant in the sense that they should | ook the same to observers
in different inertial frames. This is used to argue why the M nkowski
spacetime is the natural reservoir of the physical vacuum M nkowski
spacetime is physically nore than just a mathematical four-space where we
can pl ace 1+3-di nensi onal coordi nate systens.

Note: Due to space limtations (tw pages) we nust apol ogize to authors and
readers of this extended abstract for not giving detailed references. W
will include all of themw th scholarly rigor in the draft of the paper
(Novenber 29, 2007).



