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1. Planck’s law as a consequence of the zpf

From Wien’s law, U (w,T) = wf(w/T), at zero temperature

& = U(w,0) = Aw # 0 violates equipartition.

Take the equilibrium distribution (3 = 1/kT),

W, (£)dE = Z71(B) g(€)ePEdE , wiith 7,(8) = / o(E)e~PEdE .
For &g = Aw # 0, g(&) =7
Notice that o2 = £2 — U? = —dU/dB, o° = kT*C,,

— W, describes thermal fluctuations only!



1. Planck’s law as a consequence of the zpf
Nonthermal fluctuations

To include the zero-point fluctuations we write W, () = U™+ o

which maximizes the statistical entropy. The (total) fluctuations are

(08), = U? = Uz + 2EUr + &6, (02)s|, = &6
where U = Uy + &, and the thermal fluctuations are then
dU
GRS e g E
Integrating,

1
U= E&ycoth& B,  with & = > hw.

FE) = [ WoE(E)E = 33 P s(En)
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2. OM as a consequence of the zpf

Charged patrticle subject to an external binding force and the zpf;
nonrelativistic, dipole approximation:

t=p/m, p=flzx)+mrz +eE(t)
with 7 = 2¢*/3mc’(107239).

Generalized Fokker-Planck equation'

1 0 9,

S+ =@+ o [(F+ LrpQ] = D)

In the time-asymptotic (I\/Iarkowan) limit (t >> 7),
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2. Quantum mechanics as a consequence of the zpf
2a. The Schrodinger description

Multiplying the FPE by p" (n = 1, 2) and integrating, with

A 5> ;
(o = ——n (8 21n,0) gives
M;p = TUZ%,O L <lA) (t)>
(9 x "
Initially the terms with7and e have an important diffusive and
dissipative effect;
In the time-asymptotic limit they become mere radiative corrections.

Radiationless approximation: M;p = 0, p(z,t) = ¢¥*(z)¢(z) and
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2. Quantum mechanics as a consequence of the zpf
2a. Energy balance

dt
Energy balance: 5

ST A e €_< §>
C e D E
—m7 |wor|” |zox|? = — (5/2n) mrwi |zok|’

whence 7 = h/2 and
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2. Quantum mechanics as a consequence of the zpf

2b. The Heisenberg description

Stationary solutions o; characterized by &,
mi = f(x) + mrx + eE(t) > miy = fo +mTT, +eE,

where in general,

i 7 A(8) (2) iwagt
AW (4) = ZAaBaaﬂe &7
B
{wap }: relevant frequencies (to be determined by the theory)

(2)

() : i :
Aop (partially averaged) stochastic field variables, G

{0

Ergodic condition: for every dynamical variable ¢,g¢ = g(%)

Appliedto o3 = |A, — A, (t)




2. The Heisenberg description
2b. Linear resonant response

Under ergodicity, mz, = fo, + m7z , + el leads to the
nonstochastic equations

miap(t) = fap(t) + MTT 0p(t) + eFap(t)

from which
~ € E'Oéﬁ 2 fozﬁ
Tag = —— A G R S g DT :
5 m Aag s (i % 1 Mg
» The system responds resonantly to the field modes with wiﬂ ~ — ff‘ﬁ ]
miag

> x(of) becomes a linear function of the field components,

aﬁ (1) ezwagt
Anp Qap

whence the name Linear Stochastlc Electrodynamics.




2. The Heisenberg description
2b. Matrix mechanics

The A,zin A, (t) = Z Aypaqze™=?t satisfy a matrix algebra,

B
and the relevant frequencies satisfy wyg = {2, — {13. From the
equation of motion for I,

d*z(t)
dt?

m = f(t) + mr

from the zpf
Moreover, [2,p] =ihl and hwag = Ea — &5,

the resonance freqguencies are the frequencies of transition between
stationary states.

dfflit) = [A»). A].

In the radiationless approximation, ;j



3. Further conseguences of the zpf
3a. Radiative corrections

For a field with pzr(w)g(w) = p e (1 + go(w)) and an atom in
state n, energy balance is broken. Then,

dH,,
dt

4 2
T b ’wnk‘ ’xnk‘ Sga)wkn>g v £2 B ga)wkn<g
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‘Spontaneous’ emission rate: dH,, = —hw,, A, dt
Induced transition rates: dH,, = +hw,iBrrpa.dt
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3a. Radiative corrections

The Lamb shift

Again take the FPE, multiply by xp and integrate:

L (xp) = - <p2> 4 (zf)+mr{xT) — e’ <x1§>

virial tvheorem radiative grrections
mT 62 A ;
Hence 6 (T) = — T X)), + = <:UD> , and the Lamb shift

IS correctly predicted:
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3. Further consequences of the zpf

3b. The spin of the electron

Again take the FPE, multiply by z;p; and integrate. For central
forces f(r) = g(r)r,

{g(r)Lij) = —m(DIT — D).

Recall the intrinsic angular momentum of the field, made of

_ . . 1
circularly polarized modes, with €+ = i (€r1 t i€k2) ,

js = Z hka(ﬁkg—l-%).
k,o=+1

<> The electron interacts with circularly polarized modes of the field,
hence we use

+:
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3. Further consequences of the zpf

3b. The spin of the electron

Thus we get
(L), = mg Zm s (‘x;;m 2 ’x;mﬁ) = <OAj>n + <O;>n.
And since

A= my Zm s (|x$m|2 + ]x;mf) & <Oj>n = <O;>n,

= <O;‘E>n TR A R <O;"‘>n = (n9| O, |m9) = 1 (L.). + 857

5 Of)n = (nd| (L 4+ S) - £|nv) , P

In presence of afield B, #H} = %BLZ, HE =—ps,B= %BSZ.

Ht =HI +HE =48B(L, +25,). g=2!




3. Further consequences of the zpf
3c. Quantum nonlocality

The local momentum fluctuations o7 (z) = — (h*/4) (0 In p/8z?)

give rise to an extra kinetic energy term (‘quantum potential’)
2 1 0%/p

21/ OF2

responsible for the quantum nonlocality (even for one particle).

Vo =

Two-particle system: p(x1,z2) = p1(21)pa(x2)p12(T1, T2),

2 | 02./p1 0O%/p1a 16070
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3. Further consequences of the zpf
3c. Entanglement

For two noninteracting particles 17, 7, ;

1
mziEz Ay fz(ac@) R 3P A S el A (Ez(t) EF — M ;Ty mj)
€j

each particle is affected by the presence of the other, and the
a; affect both z; and 2. Hence (for particle;/j in state o/«

(FG)EA;):(a,o/) 0 Z FaﬁGa’B’a§25a52/6/6i<wa5+w0‘/5’)t
8,8’
300’3 Ccharacterize the common background field,;

wAB = Wap +wag = E4 — Ep are transition frequencies of the

bipartite system, with £, =&, + &..



4. Further consequences of the zpf
4c. Entanglement

When the particles have a common res. frequency, ws. = Wx’s’,
(F'G) 4, contains nonfactorizable Fourier coefficients,

Foz(SGoz’(S’ 5 )\DKF(XKJGO/K’)

with Apr = (a;(wsk)aj(wswr)) -

This implies correlations between the particles. In the Hilbert-space
description,

/ / \
For identical particles all res. frequencies are common. Invariance
of I'r¢ under interchange of a's and of particle states leads to totally

(anti)symmetric state vectors, \— +1.



Some conclusions

The quantum phenomenon is not intrinsic to the particle or the field
...but emerges from the matter-field interaction
...as the system evolves towards the nondissipative (quantum) regime

In this regime the electrons move in stationary orbits, determined by

the energy balance condition

Absolute stationarity is reached only in the ground state, with pzpy ~ w3
The stationary solutions have an ergodic behavior

In the quantum regime the material system responds linearly to the
background field

The theory leads to (nonrelativistic) ged

The spin of the electron emerges from its interaction with the
(circularly polarized) zpf

The correct spin gyromagnetic ratio g=2 is predicted



Some more conclusions

Interactions between ‘independent’ particles are mediated by the zpf

For bipartite systems with degeneracy (common resonance
frequencies), entangled states are produced

For identical particles, stationary state vectors are (anti)symmetric
The (stochastic) particle trajectories do not disappear

Quantum nonlocality is not ontological (no superluminal transmission,
no action at a distance)

By eliminating the zpf, the quantum description appears as acausal
The complete theory is causal, local, realist and objective

The dynamics of the transition from ‘classical’ to 'quantum’ needs
further investigation

...as well as the extension to the entire field-particle system.
There is ample opportunity for new physics!
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