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Stochastic electrodynamics (SED) without spin, denoted aspure SED, is basedon the intro duction
of the nonrenormalized , stochastic zero-point "eld (ZPF). It explains some aspects of quantum
mechanics (QM), but has four fundamental drawbacks that make it untenable. All the drawbacks
are overcome by SED with spin, that allows the derivation of the ZPF and of the Schroedinger
equation when the ZPF is not modi ed, at frequenciessmaller than plasma's, becauseof boundary
conditions. In presenceof a conducting wall with two slits, an experiment is proposedwhich could
discriminate betweenQM and SED with spin. In fact, in the caseof an electron beam focusedon a
single slit, no interference pattern due to the other slit is predicted by QM, di®erertly than by SED

with spin.

. ABSORBED AND RADIA TED POWERS

The power spectral density of electromagnetic (e.m.)
radiation can be represerted as

d*K du
1 )= — =
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with K, V, !, and U~ d®K /dV denoting energy vol-
ume, angular frequency and energydensity, respectively.
The average force ki on a charged harmonic oscilla-
tor of massm, electric charge e, having proper angular
frequency! o, translating with averagevelocity hvi, and
subject to the e.m. power spectral density Y4! ), is given
by the Einstein-Hopf formula [1]
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We notice that only for 4! ) = Al 3 the force is null for
every value of ! ¢, henceallowing a \motion by inertia”,
at leastfor a harmonic oscillator. In particular, asshavn
by Boyer [1], a density ¥{! ) = Al 3 is also the only one
relativistic invariant.

Assuming the proportionality constart A as

A= 223 ) 3)
the power spectral density turns out to be
~3

A= spa 4)
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coinciding with the zero point "eld (ZPF) of quantum
electrodynamics (QED). However, 4! ) is strongly di-
vergert for! ! 1 , sothat the ZPF is renormalizedin
QED. Yet, in presenceof a gravitational “eld, i.e., in a
Riemannian space,*4{! ) can not be renormalized, im-
plying a big trouble for generalrelativity (GR). In fact,
even truncating the ZPF at the minimum possiblevalue,
the massenergy density in the universewould be 10'%°
times what obsened.

The TTament theory (FT), for the time being in
progress, leads to a gravitational theory di®erert from
generalrelativity. FT givesthe sameresults of GR up
to and including the secondorder, which is the only one
that can be detectedat presen. But it is radically di®er-
ent, becausethe ZPF of FT hasno e®ecton gravitation.
Consequetly, in FT [and in the consequeh stochastic
electrodynamics with spin (SEDS), that will be studied
in Sec. IV of this proceeding]the ZPF is taken as real,
i.e., as non-renormalized. We will also seethat it hasa
natural reduction at very high frequencies.

According to classicstochastic electrodynamics (SED),
a chargedoscillator, asan electron of massm and electric
charge e around an atomic nucleus, classically absorbsa
power from the ZPF given by

22
= 22% 1214
Pabs 23m /i /2(- ) ’ (5)

with ¥{! ) given by Eq.(4). For simplicity, if we suppose
acircular orbit (it is suxcient for our purposes),the elec-
tron velocity v is given by v = | R, and, putting Eq.(4)
into (5), it is

. 2¢ ~v8
Paslerc = 3m oRe ° ©)

with the electronic radiated power given by the Larmor



formula

o2&, 2e2 22
Prealire = 35%° 38 ® 0
with a= v2/R asthe certrip etal acceleration.

Equating the radiated and absorbed powers of Egs.(6)
and (7), we obtain

mvR = ~, (8)

which is the Bohr's condition, allowing the calculation of
the most probable atomic radius. EQ.(8) also givesthe
uncertainty principle.

II. EXCITED STATES

Excited states have never beenobtained in SED, and
we present them as a new achievemert.

In the preceding balance Paps = Prag, that led to
Eq.(8), we have considereda pure circular motion, that
can not exist becauseof the random action of the ZPF.
Although the ZPF little modi es an orbit during a single
revolution, in the long run the orbit becomeselliptical
with slow variations of eccettricit y, major axis, and even
of the orbit plane. The Bohr radius R; is only the most
probable value to nd the electron in a thin spherical
shell around R;.

Let us now considerthe casethat a ZPF °uctuation
has produced a small variation of an initially circular
orbit, transforming it into an elliptical orbit, represerned
in polar coordinates r (distance) and u (angle) by

R

r= ————:
1i 2cosp

(9)

If the eccertricit y 2 is much lessthan 1, Eq.(9) is equiv-
alent, to within secondorder terms in 2, to

X = Rcosp+ 2R cos2y,
y = Rsinu+ 2R sin2. (20)

In fact, it is

p p
r= x?+y2=R 1+ 22+ 22cosy

" R+ 2R cosu’ (11)

1j 2cosy’

In a Keplerian motion there is consenation of angular
momertum j, sothat ! dependsonly on the distancer,
with

L= (12)

Putting Egs.(11) into (12) and dening ! g = j mi 1Ri 2
asthe angular frequencyassaiated to radius R, we have

I =19 22 gcosu (13)

Solving EQ.(13) in an iterative way in y, we derive to

“rst order
z

p= tdt"' loti 22sin(!ot) . (14)
Substituting this equation into the polar equation of the
ellypse, given by Eq.(9), we obtain the trajectory as a
function of time t. Sincein Eq.(9) the term cosp is mul-
tiplied by 2 and we are limiting our calculation to “rst
orderin 2 ¢ 1, we can neglectthe secondterm.

With p=1!,t, the rst terms at the r.h.s. of Eq.(14)
represen the main circular motion, consideredas a def-
erert, on which there is a secondcircular motion (2 time
the “rst one) consideredas an epicycle. Sinceit is2 ¢, 1,
the motion is practically circular, so that the radiated
power remainsunaltered. What drastically changesis the
absorbed power since now there are four harmonic oscil-
lators. The epicycle rotates with angular velocity 2! in
respect of the laboratory. However, sincethe epicyclero-
tates around a point that in turn rotates with ! , what is
e®ectie for the absorbed power is the relative frequency
2l i ! =1 ie., the samefrequency as the one of the
deferert. Consequetly, the absorbed power P, for the
“rst-order excited state can be written as

PECd = N Papsigy ¢ (15)

with Papsjg, . given by Eq.(6) and n = 2, corresponding
to 2 plane motions (hence4 harmonic oscillators with the
sameangular frequency! o).

The Bohr orbit correspndsto n = 1, i.e., to oneplane
motion (hencetwo harmonic oscillators). More in gen-
eral, a periodical elliptical motion can be expanded in
Fourier series

Xl
x = Rcosp+ R 2o cos(np+ ' p)
n=2
Xl
y = Rsinp+ R 2 sin(nu+ "' ), (16)
n=2

where' ,, are constart phases.Each additional term cor-
respondsto a circular motion which, beingrelevant to the
sameelectron, is epicycloidal. If we limit to n = 3, we
have an epicyclerotating with angular velocity 3! (in the
approximation p=!t) on another epicyclerotating with
angular velocity 2! , in turn rotating on the deferert with
angular velocity ! . The relative, e®ectie frequenciesfor
absorption from the ZPF are3! j 2! =21 j ! =1 ie,
the sameof casen = 2. Being 3; ¢ 1 in Eq.(16), the
radiated power remains the sameas for a circular orbit,
i.e., still given by Eq.(7), whence

Pr%écned = I:)radjcirc (17)

Equating the absorbed and radiated powers, from
Eqgs.(6), (7), (15), and (17) we obtain

mVn Rn = n—, (18)
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FIG. 1: Radiated power P, .4 [erg s' '] and absorbed power
Pabs [erg s 1] vs radius R [cm] of the electron circular orbit.
For any number n of plane orbits (in QM terms, n is the prin-
cipal quantum number) there is a stable point of intersection
Pabs (N; R) Prag (n) if the averagee®ectof the zero-point “eld
(ZPF) is considered. The ZPF °uctuations concordant with
the radiation damping causethe transition from nto nj 1.

i.e., Bohr's condition for quartization.

Let us examine the transition betweentwo states. If
the radius R of the orbit changesvery slogly, we may con-
sider it in quasi-equilibrium, sothat €2 R? = mv?/R,
ie.

e
V= p— (29)
mR
Putting Eq.(19) into (15), (17), and using Egs.(6), (7),
the radiated and absorbed powers are given by

- 2ne®~

P:t))(glted = 3C3 m 5/ 2 Rg/z (20)
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Prez:i)((jc'ted = 3C3 m 2 R4 . (21)

With a given value of n and for pggied ' pexdited | 5g
an average e®ectwe have stable equilibrium for a given
radius R,. In fact, if it isR = R, + R (with R ¢

Rn), we have PEited > pexcited gnd radius R decreases.

Viceversa, if it is R = Ry i R, we have Pfited <
pgxcited and radius R increases,as shavn in Fig.1.
There are however the °uctuations of the ZPF (beside
its averagee®ect),which can easily destroy the small am-
plitude 2,R of one of epicyclic motions. In this case,
pgcied |osestwo armonic oscillators (passing from n
to nj 1) and we have P&ited sensitively larger than

rad

pgcited - As a consequencethe electron motion becomes,

on an average, a spiral motion towards the lower most
probable orbit nj 1.

The net radiated energy is twice the one of the ZPF
corresponding to the net obsenable weighted averagefre-
quencyh i.

111, ACHIEVEMENTS OF PURE STOCHASTIC
ELECTR OD YNAMICS (SED)

The fundamertal equation for SED is the Lorentz-
Abraham equation of motion with radiation damping

. 2 h v !
Ai —T"=eE+E, + —£(B+B ; 22
MA| =3 e r+ S EX ) 5 (22)
in which the actions on the charge e are due to both the
external "elds (E and B) and the random "elds (E; and
B:), where the stochastic, or random, electric eld of
SED can be expressedas the Fourier superposition

e Z
E: (r;t) = Re

s=1

Ex (k;s;t) @l et kTGl gl (23)

of plane waves with random phase |, where the sum-
mation is over the two polarizations implied in the
e.m. transverse waves, and the Fourier amplitude is
(0:5~! )1’2 ¥4 1, Using the orthogonal unit vectors ™ and
R in the direction of the electric eld and wave propaga-
tion vectors respectively, we can write

r_—

Ex (k;sit) = " (s) ﬁ (24)
and
x Z "
B, (r;t) = ReS:1 RE "(s) 7

£ expfi[l kti kor+ e (s)]gd3k : (25)

In honour of the autors who rst used the above
equations intensively, the latter is called the Bra®ord-
Marshall equation. Its application has given results in
agreemen with those of QM, and even of QED for:

1. The stability of the atoms including the excited
statesif the e.m. pressureof the ZPF is neglected;

2. The black body spectrum [1, 2]. With the same
treatment of Rayleigh-Jeans, but with the inclu-
sion of the ZPF (seeFig.2), the Planck spectrum is
found superimposedto the ZPF, i.e.

1/2(')_~!3.1'+ 1 -
T 123 2 exp(j ~! /kT)

3. The intuitiv e explanation of the Casimir e®ect[3],
i.e., the attraction of two conducting plates (with
no electric charge), due to the e.m. pressureof the
ZPF, that is larger outside the plates;
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FIG. 2: In SED the Planck spectrum is superimposedto the
zero point “eld (ZPF), represened as Yzpr (! ), giving the
total spectrum Y (! ).

4. The Van der Waalsforcesbetweenmacroscopicob-
jects, and between polarizable particles [3];

. The oscillator and rotator speci ¢ heats|[3];
. The °uctuations in thermal radiation [3];

. The third law of thermodynamics [3];

0 N o O

. The harmonic oscillator with radiativ e corrections
[4];

9. The diamagnetic susceptibilities [5];

10. The thermal e®ectsof acceleration[6] (the Unruh-
Davis e®ect).

There is also a new result, qualitativ ely predicted by
Rueda [7], i.e., the origin of the extremely high energy
tail of the cosmic radiation, which is not cortained in
usual QED. Indeed, already Einstein showed that the
kinetic energy of a particle subject to random impulses
increasedinearly with time unlessa friction force arises,
due to the stochastic processitself. But, if the stochas-
tic processis that of the ZPF, the friction force vanishes
and the kinetic energy of a charged particle steadily in-
creasesuntil the particle undergoesa collision, which is
very rare in the intergalactic space. Thus the huge ob-
sened energiesof cosmicrays up 10%teV are explained.
In this casethere is no modi cation of the ZPF because
of the boundary conditions, and that is why QED in the
usualtime-asymmetric formulation (in which the unmod-
i ed zeropoint is subtracted) doesnot predict this e®ect.
By SED, Rueda predicted not only the existenceof this
new e®ect, but also the correct slope of the very high
energytail of the cosmicray distribution function versus
energy Unfortunately, the intensity of the acceleration

mechanism turned up to be too intense, sothat an elec-
tron would becomea cosmicray in an oscilloscoge tube
[8]!

At the end of the se\enties, skilful researders[9] suc-
ceededto solve nonlinear problemsin SED, and then a
secondbig drawbadk appeared: the solution of the prob-
ability density of an electron around a proton tended to
be uniform in the long run, and therefore to vanish, thus
implying the self-ionization of an hydrogen atom! The
stability of atoms was again unsolved, although in the
opposite senseto that implied in classicalphysics (with-
out ZPF), which predicted collapse.

A third shortcoming which always troubled the re-
seardersis that SED implies broad spectra for radiation
and absorption of rare ed gases,instead of the sharp
obsened lines! Indeed, according to SED, the quasi-
elliptical orbit of an electron around a nucleusundergoes
amaximum relative changeof 10' ® during a revolution, if
comparedwith the corresponding Keplerian orbit. Then,
after 10° revolutions, the energy and, particularly, the
revolution frequencycan radically be changed. Although
there is average equilibrium between the radiated and
absorbed power for orbits not very di®erert from Bohr's
orbits, there is a net obsenable radiation for all the in-
termediate orbits with their large spread of revolution
frequency For instance, in the passagefrom the second
to the rst orbit of Bohr, there is a classical spread of
frequencyby a factor 8.

A fourth drawback of SED wasthe impossibility to ex-
plain the di®raction of electrons, and the fth that the
Scroedingerequation hasbeedderivedin particular cases
only. The impossibility to derive the Schoedinger equa-
tion by \pure" SED when nonlinear forcesare presen (as
in the caseof atoms, where the Coulomb force is highly
nonlinear) is related to the above seconddrawback.

Becauseof the above v e drawbads, many valid re-
searders abandoned SED, considering it a curiosity,
which givescorrect results in the casesof linear systems
only. Only few researters, as Rueda, Putho®, Spavieri,
Tonni, and Bosi, went on working on pure SED. Stim-
ulated by professorL.Bosi, we succeededto explain an
experimental anomaly in the measuremets of the maxi-
mum limit of the neutrino rest mass[10].

Another long standing problem, i.e., the origin of the
electrical noise having power spectral density propor-
tional to 1=f, received its solution through the introduc-
tion of the ZPF. Not only the origin of the 1=f noise
has been explained, but also a dependenceon the elec-
tron number density has been found, which allowed an
excellert agreemen with the experimental results for the
purest semiconductors[11].

IV. SED WITH SPIN (SEDS)

Originally, spin wasintro duced, following Pauli saying,
as a \nonclassically explainable two valuedness".
When Goudsmith gave someintuitiv e model, he meart



FIG. 3: If the center O of the gyration has velocity v, the
electron movesalong a helix. Being c the local velocity of the
electron, by the Pythagorean theorem we obtain Eq.(29), i.e.,
the time transformation of special relativit y.

spin as a rotation of an elemenary particle around its
own simmetry axis. But that is completely wrong, be-
causean electron (or a quark), on the basesof scatter-
ing experiments at LEP, has a maximum size lessthan
10 ®m, and with that radius and a peripheral speed
equal to that of light, the angular momertum would be
lessthan 10' 6~

Sdhroedinger, solving the Dirac equation for an iso-
lated electron, found a motion at the speeedof light along
a circular trajectory, having the Compton radius

Re = 3:86£ 10 ®*m . (26)
Barut and Zanghi [12] showed that the circular motion
wasthe bestinterpretation for spin. But it seemeda con-
tradiction having a particle moving at the speedof light
without having in nite mass,and in nite e.m. radiation.

The complete solution comesfrom the Tament theory
[13], where special relativity (SR) is not preser at the
particle level, but only with respect to the ideal point O
around which the particle performsits \spin gyration”.

SR is a consequenceof that \gyration" [14]. If the
certer O of that gyration hasvelocity v, the larger is the
pitch of the helix, as shavn in Fig. 3. Only for a pitch
tending to in nit y, the speedof O (usually consideredas
the electron speed) tends to the speed of the light c.

Let us consider a referenceframe F© at rest with O.
For Fthe gyration period is

T9= 2Y/Re/c . (27)

For the frame F, at rest with the laboratory, O moves
with a velocity v perpendicular to the plane ® of gyra-
tion. Sincefor F the electron moveswith speedc alonga
helix, the period T to traversea pitch is longer. Precisely
the component ¢, on ® of its velocity is

C, = 2 v2:cpli v2/c?, (28)

=>

FIG. 4: What is called a \spin up" means a distribution of
the spin axis A in a half sphere having B as a simmetry axis.

sothat the period is
T= 2/Re _ 2YRe

P
o7} c 1 vé/c?

=°T%  (29)
just asgiven by SR, but here derived from Galilean kine-
matics by the Pythagorean theorem.

Equating the power emitted with the power absorbed
becauseof spin, Bohr's condition [seeEqgs.(6)-(8), with
v = cand R = R¢] gives

MCRe = ~. (30)

The spin axis A can assumeany direction, as shown in
Fig.4. In presenceof a magnetic eld B, the spin axes
precedesaround B. What is called a \spin up" meansan
fi distribution in a half spherehaving B as a simmetry
axis. For \spin down", the simmetry of the half-sphere
is antiparallel to B. The average value, the only one
measurable,is

z Y42

ig =~ d# sin# cos# = % , (32)

0
which is the standard value. With the above distribution
of A, it hasbeenproved by Pitowsky [15] that the proce-
dure usedby John Bell to derive its famous inequalities
leadsto results in agreemen with QM, thus eliminating
the speculations regarding \sup erluminar speeds”. The
e.m. radiation dueto the spin gyration is more than 10*?
that of an electronwhosegyration certer revolvesaround
aproton. Consequetly, the ZPF is practically dueto the
spin gyration [14].

As shown in Fig. 5, if all the centers of the electron
spin gyrations were at rest with respect to the labo-
ratory, the power spectral density would be a narrow
spread around an almost Dirac delta function certered
at ! . = ¢/ Re. Howevwer, if we consider spherical shells
concerric with the obsener in our expanding universe,
the cortribution of the shells decreasesat the increase
of their radii, becauseof the Doppler-Fizeau e®ect. The
resultis! < 1¢/10 for ¥4! )/ ! 3.

At the beginning of the universethe particles could be
in a steady-state condition because’q! ) did not grow
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FIG. 5: If all the centers of the electron spin gyrations were
at rest with respect to the laboratory, the power spectral den-
sity ¥A! ) would be a narrow spread centered at ! ¢ = ¢/ Re.
However, ours is an expanding universe, whence, at least for
I < 0:lle, itis¥q!)/ !2 dueto the Doppler-Fizeau e®ect.

versus! as! 3 for!./10 < 1 . Consequetly, the spin
radius decreasedspiralling up to » 10 1 the presen
value Re and 4! ) / ! 3 up to 10! .

A spinning particle in a constart eld E lying in the
plane of the spin gyration increasesthe spin radius in
a half trajectory and decreasest in the other half. The
result is a zeroaccelerationfor O. The particle canthere-
fore acceleratealong its spin axis A, and the equation of
motion, neglecting the self-reaction, is [10, 14]

msa=F ¢h A, (32)
wherem, is the inertial masswhen = A (indeed, in this
case,we have msa = F). When an e.m. wave impinges
on an electron, the electric "eld producesa velocity vari-
ation v / N, sothat the additional accelerationdue to
Lorentz force +F | vanishessince

tF o ¢h=exvEBCh/ enNf£ B¢h=0: (33)
Only when n precessestF_ is no longer zero. The
Einstein-Boyer-Rueda mecanism of acceleration of an
electron in the ZPF is strongly reduced, since an elec-
tron with spin is only sensitive to the ZPF frequency
roughly equal to its precessionfrequency This meda-
nism can still justify the existenceof the most energetic
cosmicrays, but the accelerationrequires somethousand
(or million) light yearsin the intergalactic space. The
guendiing of the medanism of acceleration due to the
componert E, + (v/c)£ B, in Eq.(22) alsoexplains why
good results for the atoms are obtained consideringonly
the e®ectof E,. We have no longer the self-ionization of
atoms.

We also overcomethe impossibility of pure SED to ex-
plain the narrow spectral lines emitted (or absorbed) by
gases.The new equation of motion strongly reducesthe

random impulses due to radiation pressureof the ZPF,
which would vanish in absenceof A precession. How-
ever, the torque of the extended orbit of spin and due
to the atomic nucleus produces a precessionof Ai. As
a consequencethe ZPF exerts random impulses on the
precessingspinning (or better gyrating) electron, which
strongly perturbs the regular spiraling motion that there
would be if only the classicalradiation damping would
be presen. The actual motion is similar to a spiral-like
trajectory with a superimposedrapid di®usion.

In other terms, while the classicalspiraling motion re-
quires» 1P revolutions to passfrom an excited state (for
instance the 2P state of an H atom) to the ground state
(the 1S state for H), the rapid di®usionis sud that the
passageis accomplishedin only » 10? revolutions. Con-
sequerttly, on the average,the complete transition takes
n» 10° 107 = 10* passagesrom onestate to the other.
The Fourier transform of net radiated electric "eld is

1 z +1
E()= >, dt E (t)exp(j i! t)
il
1 N 1Z ts+1
= o, dt E (t) exp(j i! t); (34)
fs=1 b

where the time interval t, | t; corresponds to the rst

passageandtn i tp; 1 to the last passage.lf we consider
the Fourier transform corresponding to t, j t; only, we
have a very wide spectrum, mainly corntained between
I (2P) and ! (1S) = 8! (2P). This would be the spec-
trum accordingto pure SED. If we now include the other
passagesbetweenthe two states, the Fourier transform
at a given intermediate ! increaseswith afactor = n, be-
causethe di®erent waves have di®ererly distributed !

valuesand random phases.

On the cortrary, the radiated eld E (R i), calcu-
lated in correspondenceof the averagevalue H i of eat
passage,increasesas n, becauseh i changesvery lit-
tle between a passagean%another passage. The ratio

E(Ri) E(!) isroughly 10*= 107 in the considered

example. In practice, E (R i) is the only one obsened,
the others E (! ) beingincluded in the background noise.
Obviously, there is a Gaussianspread about H i, since
the averagevalue of ead passagss slighly di®erent from
the others. But, if we considerN atomsthat radiate, the
Fourier transform Eyy (! ) of all the radiated "elds hasa
still sharper line around

(35)

becauseit correspondsto N n passages.

By SEDS(SED with spin) it waspossibleto derive the
Scroedinger equation for a single particle [16] and for
many distinguishable particles [17], and the two papers
have beenpositively commerted in \ Newsand Views" by
the then director of Nature [18]. Then, a more elaborated
derivation of the Scroedinger equation has been given



FIG. 6: The di®raction of electrons passing two slits is due
to the ZPF modi ed by the conducting wall up to the plasma
frequency of the metal.

[19], where additional, nonlinear terms have beenadded.
The e®ectof the additional terms was shown to be a
correction of » 1% to the Lamb shift [20].

Finally, we explain the di®raction of electrons pass-
ing two slits. The ZPF is modi ed by the conducting
wall up to the plasma frequency of the metal (seeFig.
6). The Maxwell equations with E = 0 on the walls
and E 6 0 in correspondenceof the slits give a spatial
Fourier transform for the ZPF amplitude proportional to
(kyb)i ! sin(kyb). The corresponding spatial distribution
of the energy modes allowed by the slit is proportional
to (kyb)' 2 sin? (kyb), with intensity maxima for

ky = 0 and kyb= %(n+ 1/2),with n=1,2;3;:::
(36)
Theseare just the intensity maxima for a plane wave of
either e.m. radiation or of a large beam of electrons, ac-

cording to QM. But why doesan electron passingthrough
the slit feelsonly these standing waves of the ZPF far
from the slit walls?

The reasonis that an electron approading the walls
has a precessionof h becauseof the chargesinduced on
the edgesof the slit which it is going to traverse [14].
Then the small range of frequency of the ZPF around
the precessionfrequency! , of the electron spin givesa
transversal impulse to the electron, expressedby

m V2 e _ ;C” . (37)
If v is the speedof the electron, the consequen deviation
is

"o &2

V5 _ ‘n

sin#t = = .
Y 2mvc

(38)

Now, ! , dependson the distancer from the nearestedge
and is therefore distributed from zero (for an electron
passing through the middle of the slit) to a maximum
large value when r is an atomic distance. Consequetly,
the intensity maxima are practically those of the ZPF,
with the boundary constituted by the wall with the slit.

With the useof Egs. (36) and (38), the intensity max-
ima are in correspondenceof [14, 21]

~Yin + 1/2)

sinty = 0 and sin#y = by ,

(39)
with n = 1;2;3;:::.

Notice that our explanation holds eventhough the elec-
tron beamis focusedon a single slit. On the cortrary, in
QM the interferenceterm with the other slit should dis-
appear [14, 21, 22]. A relevant experiment could there-
fore discriminate betweenQM and SEDS. That hasbeen
widely discussedin Ref. [22], where another possibility
of discrimination is examined. It consistsin performing
the Young experiment with an isolating wall (where the
two slits are obtained). In that case,even wit an elec-
tron beam transversally large so as to include the two
slits, there should be, accordingto SEDS, somemodi -
cations in the intensities of the peaks after the certral
one. In fact, the frequency part of the ZPF is not com-
pletely cancelledinside the wall (as it is if the wall was
made of a conductor). But QM, not being basedon the
ZPF, makesno di®erencebetweeneither a conducting or
an insulating wall.

[1] For a more readable derivation, see: T. H. Boyer, Phys.
Rev. 182, 1374 (1969).

[2] M. Surdin, P. Bra®ort and A. Taroni, Nature 210 (5034),
405 (1966).

[3] T. H. Boyer, Phys. Rev. D 11, 790 (1975).

[4] E. Sartos, Nuovo Cimento B 19 (1), 57 (1974); L. De la
Perna-Auerbach and A. M. Cetto, J. Math. Phys. 20 (3),
469 (1979).

[5] T. H. Boyer, Phys. Rev. A 21, 66 (1980).

[6] T. H. Boyer, Phys. Rev. D 29, 1089 (1984).

[7]1 A. Rueda, Nuovo Cimento A 48, 155 (1978); Phys. Rev.
A 23, 2020(1981).

[8] A. Rueda and G. Cavalleri, Nuovo Cimento C 6, 239
(1983).

[9] T. W. Marshall and P. Claverie, J. Math. Phys. 21 1819
(1980).



[10] L. Bosi and G. Cavalleri, Nuovo Cimento B 117, 243
(2002).

[11] G. Cavalleri and L. Bosi, Phys. Stat. Sol. (c) 4, 1230
(2007); G. Cavalleri, E. Tonni, L. Bosi, and G. Spavieri,
Fluct. Noise Lett. 7, L193-L207 (2007).

[12] A. O. Barut and N. Zanghi, Phys. Rev. Lett. 52, 2009
(1984).

[13] G. Cavalleri, F. Barbero, E. Tonni, D. Molteni, G. Bot-
toni, and S. Lacchin, in Proc. of X Int. Conf. \Ph ysi-
cal Interpretations of Relativit y Theory" (London, 8-11
September, 2006), edited by M. C. Du®y, University of
Sunderland (PD Publications, Liverpool, Great Britain),
Vol. | (2008), in press.

[14] G. Cavalleri, Nuovo Cimento B 112, 1193(1997).

[15] I. Pitowsky, Phys. Rev. Lett. 48 1299 (1982).

[16] G. Cavalleri, Lett. Nuovo Cimento 43, 285 (1985).

[17] G. Cavalleri and G. Spavieri, Nuovo Cimento B 95, 194
(1986).

[18] J. Maddox, Nature (London) 325, 385 (1987).

[19] G. Cavalleri and G. Mauri, Phys. Rev. B 41, 6751(1990).

[20] G. Cavalleri and A. Zecca,Phys. Rev. B 43, 3223(1991).

[21] A. Zecca and G. Cavalleri, Nuovo Cimento B 112, 1
(1997).

[22] G. Cavalleri and E. Tonni, in \The Foundation of Quan-
tum Mechanics{ Historical Analysis and Open Questions
{ Lecce1998", edited by C. Garola and A. Rossi(World
Scierti ¢ Publ. 2000), p. 111.



