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C 7/ 0

% . . E= w

understood as off-equilibrium steady state
oscillation maintained by a constant
throughput of energy provided by the
(“classical”) zero-point energy field
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C 7/ 0

% . . E= w

understood as off-equilibrium steady state
oscillation maintained by a constant
throughput of energy provided by the
(“classical®) zero-point energy field,

l.e., a quantum emerges from the
synchronized dynamical coupling between
a “bouncer” and its wave-like environment
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proposition of emergence: N

behaviour of phase space distribution functions fon the sub-quantum level
(with temperature [,) mirrored by configuration space probability densities P
on the quantum level:
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proposition of emergence:

behaviour of phase space distribution functions fon the sub-quantum level
(with temperature Ty) mirrored by configuration space probability densities P
on the quantum level:

Relevant description of the system no longer given by the totality of all
coordinates and momenta of microscopic entities, but reduced to only the
particle coordinates.
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proposition of emergence: m

behaviour of phase space distribution functions fon the sub-quantum level
(with temperature Ty) mirrored by configuration space probability densities P
on the quantum level:

Relevant description of the system no longer given by the totality of all
coordinates and momenta of microscopic entities, but reduced to only the

particle coordinates.

The many microscopic degrees of freedom (subguantum domain): recast into
more “macroscopic” properties (collective wave-like behaviour) on the

guantum level, i.e., with z

P(xt)=R(x1



Definition of the total energy of a “particle” and it s thermal bath: @

2
E.= w+ ﬂ where KT, = Y= m_u2 = m (p.d.o.f.)
2 2 2 2 2m
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Definition of the total energy of a “particle” and it s thermal bath: @

0, 2
E.= w+ ﬂ where KT, = Y= m_uz = ﬂ (p.d.o.f.)
2 2 2 2 2m

Boltzmann's formula

DQ =2wdS =2w dg ) - d$0)

provides = 3
dth P(x,t)=P(x,0)e “=P(x,0 e
dp(x,t)=mu(x,t) =N aS(x, ) =- - NPP(E:T;;) = NRRXX t)t)
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Definition of the total energy of a “particle” and it s thermal bath: @

0, 2
E.= w+ ﬂ where KT, = Y= m_uz = ﬂ (p.d.o.f.)
2 2 2 2 2m

Boltzmann's formula

DQ =2wdS =2w dg ) - d$0)

provides DO 2 o
P(x,t)=P(x,0)e *=P(x,0 e
and fus RP(x)  RR(x 0
~ X, ,
= =N =-— —=

ap(x,t) =mu(x,t) (a’S(x, t)) 2 P(x1) R(x1)

Into action integral
—— 1S 1l -~ ~ 1 - ~
Ld"xdt= P(x,f) —+V+—NSxNS+=—N(dS)N(d9 1t dt
it 2m 2m

W
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Average Orthogonality Condition (AOC):
p>xap:= P(x,t)p s d"x 9

A: P ﬂ_+V+ ptOt

1t 2m

Thus,
d’ xdt

with

u

Z ~ \R
ptot:p+dp:N(S+dS):: k+ k :NS- ?
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Average Orthogonality Condition (AOC):

pxdp:= P(x,t)p &b d"x 9

Thus,

A= P 2Lyy P

qt 2m

d' xdt

with

P =P +ap=N(S+dS = k+k, =NS =

S- .
(-)=S L
With “Madelung transformation® y(*) = Re , P= R :LV‘Z,

2

NS NR )

poo =P H(dp) = =+ = = i

Y




Average Orthogonality Condition (AOC):

pxdp:= P(x,t)p &b d"x 9

Thus,

S 2
A: P ﬂ_+V+ ptOt dn th
it 2m
with =
N - R
P =P+aP=N(S+d9 = k + k, =NS- —
. (-}
With “Madelung transformation” y( ) = Re . P=FK :LV‘Z,
— NS 2 NR 2 Ny 2
2 — 2 4 a 2_ 2 N9 + 0 _ 2N
P = P°+(dp) = S

2
Ldt= d"xdt || 111T_?+V +2—\|§y B Schrddinger ecation
m

(Note: no de Broglie-Bohm-type Hamilton-Jacobi Eq. necessary!)
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lllustration of Average Orthogonality Condition:

1K+ Kk,
g
K VS _ VR ¢
T ﬁ T H
S = constant
classical Hamiltonian flow: quantum flow:
Vew=10 IP(V-V)O'”X=C'
T T
k,-k=0 [Pk, K)d"x=0
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“Bohmian version“;

NS)* | .
ﬂS+( ) +V +U =0, with "quantum potentialt
Mt 2m
2 2 2 AP 2 N2
U =- N'R_ 1 NP NP_ nuu {x u).
2Zm R 4m 2 P P 2 2
Then, \ ~
en J= NP 1 RO

_2m P_2wm

provides the thermodynamic formulation of the “quantum potential” :




a vanishing “guantum potential”, U=0, is identical to the classical
diffusion (heat) equation:

U=00UN ¢ 119

l.e., even for free particles, one can identify a “heat dissipation”
process emanating from the particle.
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a vanishing “guantum potential”, U=0, is identical to the classical
diffusion (heat) equation:

U=0UN *Q LI 0.

l.e., even for free (single path) particles, one can identify a “heat
dissipation” process emanating from the particle.

a non-vanishing “quantum potential” is a means to describe the
spatial and temporal dependencies of the corresponding thermal flow
In the case that the particle is not free (e.g., many paths via Gaussian).

UtoON 2Q 1111? q( x) e*.
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a vanishing “guantum potential“, U=0, is identical to the classical
diffusion (heat) equation:

U=0UN *Q LI 0.

l.e., even for free (single path) particles, one can identify a “heat
dissipation” process emanating from the particle.

a non-vanishing “quantum potential” is a means to describe the
spatial and temporal dependencies of the corresponding thermal flow
In the case that the particle is not free (e.g., many paths via Gaussian).

UlOUN °Q 111? q( x) &” . ...when Fourier-trf., becomes

N*Q(xw)- k*Q(xw)= (xw),

l.e., the defining equation for (nonlocal')  Diffusion Wave Fields
(Mandelis et al.: “entire domain ‘breathes’ in phase with oscillator”)
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2
From E_ = W+(C;Ip) = const, Wwith AOC and initial Gaussian distribution,
m
\P_ D . 5.5 2t2
U, = - =—: X=X _,+u°tt andthusalso s°=5 1+Dt4
2m P s, Sy
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mu’ . — e
From E_ = W+7 = const, with AOC and initial Gaussian distribution,

NP_ D . =us
= =—: X=xX_+u’t? andthusalso s®=s, 1+
2m P s, So

D?t?

UO= 4

... results from momentum fluctuationg(to second order)
+m(u +adu); hence, thénatural" dift x(t) =x( )a:(u xdu)t

with AOC: 2(1) = 2(0)+ Z+(du ¢

2
Yo
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ap)’
From Eg, W+( 2”? = const, with AOC and initial Gaussian distribution,
NP_ D =o3 ’t?
U, = - =—: X=X _,+u°tt andthusalso s%=57° 1+ D t4 :
2m P s, S,

t
Define D(t) =u,’t, and fort 3/, (D(t)) :=;1 D(t')dt'=D(t)/2, then
0

x2 ?uo + 2< D(t)>t ... a Brownian-type displacement with a

time-dependent diffusivity |(# &/

( O 6U,




2 +% ,& 0 "% %

From E, = w+ = const, with AOC and initial Gaussian distribution,

D?t?

4

P_D . Z.3
- . X=X _,+uw’t andthusalso =5, 1+
2m P s, S,

Define D(t) =u,’t, and fort 1/w, <D(t)>:=}tD(t')dt'=D(t)/2, then

U, =

x2 ?uo + 2< D(t)>t ... a Brownian-type displacement with a

time-dependent diffusivity (“ballistic diffusion®).

— average total velocity field of a Gaussian wave packet:

D(t)

Vioe(t) = V(1) + Xioq(t) - Vi
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— Computer simulations with Coupled Map Lattices (CML):

D[k+1]Dt{

Pli,k+1=FiK + Pli+1K - 2 i.§ + B i- 1§} withD® D(t)

D(t t——t
) =ut=
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— Computer simulations with Coupled Map Lattices (CML):

o] = A1 2L A pfia 1 g o i+ - 24} winD@ D)
D(t):uozt:sD—zzt
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particle acceleration in a linear potential:
x(0) 2 o2 Y2

x(0) *
Amis s 3 g+4rrEs4B4n% 4
OS 0 0

Xtot (t) - - g+

2 2.2 32

U, t
=-gt X( )gc;? +1;02

))
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The “Path Excitation Field”
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The “Path Excitation Field”

Foowg 8 $7
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& & u(x,t)= Pu(x,t)d"x

v = Pvaud"x O (¢ O/




The “Path Excitation Field”

& & u(x,t)= Pu(x,t)d"x v(x,)= R(x,§d>

v = Pvsud™x 0

% ) O Viot = Viotj» Where
|
— U u
— |+ I
Viotj = Vi + 2 + 2
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8 8 8 'O Rok = Rk + Rk 5 with k| =k | |:
P = Rot =|Rk, + Rk ,[ = B+ B +2 RRoy = pr Pr2[ PRos

8 0 /[ 686 / 8 0

D(t)

.1 X
/ :—(mthot,Xx):vaX—- (X+ VXt)XDSZ
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8 8 8 '0 Rok = Rk, + Rk 5 with k |=k = |:

P = Rot =|Rk, + Rk ,[ = B+ B +2 RRoy = pr Pr2[ PRos

Ds*?
+ 1 1 /O
— _ _— U,  U._ _ —
RetViot = RV i it RV 1.2 Vioti = Vi +—'2+ +;2 Jtot_ Rtot Viot
V,+V, + v+ v U2
Vi+V, cosviyz + V +2 cosviyz - Vi £ CO¥1U,2
— u, u u, u,
— R2V + RV Ay I TR 2
® Jot=RV+RV,+RR + 5 #V,cos UL V2 21+ V, cosuivz+ —21+—2 CO$I1U,2
u u u, u, u., Uu.
- L Z2cosuirpe- - H =2 cosu - =1 =2 cosi1u
p o costilz - 5 o costilz - = 5 COShiliz
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v+ u,
V1+V2 Cosviy2 + V1+ cosviuz - V-

—2 Cco¥1U,
2 2 14,2
J. =R2V.+ RV _+ +u_1+_ u_ll-_ + u_l—l-u_Z
ot =RVt RV, ¥ RR + 4V, cosuiyz - - 5+ V7, cosuiya+ —+ -2 COSI1U,2
u,_ u, u, u u, u
. cosSuil2- - =+ 2 cosu - =1 72 cosi1y,
> 5 Costilz - 5 5 coSuryr - -5 5 COSiU2

with, e.g.,RR, cos@ty2 ¥ RR co%{+j 3- RR sin( ), et

q—Pv +Pv_+ PPV +v)coy +/PP. (-0 )sin

genumely gu. m. term
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- v+ v 5
V1+V2 Cosviy2 + V1+— cosviuz - Vl-

2 cov1u,2
2 2
Jiort = ROV + ROV + ﬁ%+z+v_ cosui V2 - -EJ-FV_ Cosuivy2+ U, Uy Codl1u,2
tot 1 2 2 V2 ’ 2 2 2 2 ’
u, u u, u, u, U.
- 2L Z2 cosuiuz- - # 22 cosuiys - -1 =2 cosmliu,2
2" 2 H 5 2 v 2 2

with, e.g.,RR, cos@ty2 ¥ RR co%(+j 3- RR sin( ), et
Tot - Plvl + sz_z *y Plpz(v1+v_2 coy + Plpz('Tl- u_z)Sj,h

( 6 88 /0

3N
Jtot:i j—lRi ijl COS(JVi Wij );
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— —p 2, — ” 1 i : N(yl+y 2) _1 : N«Q Y 2)*
‘]tot - R[ot Vot —()/l"j/ 2) »Q 1y 2) 2 m I (yl +y 2) + m I ()/1 y 2)*
i

| e .
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v * 11 . Ny,vw, 1. Ny .y )
T Jtot:R[ot Vtot:(yl-lj/ 2),@ 1JV Z)E E -1 (J(/J/_l_y )) + — | ’Q )

m (y,w,)
= YRY-YRY = LRy S(N)Y S withY =y +y,
2m m
' 0 TP = Ry, == v Ry - YRy ] =1(Y*Y) “YY+Y Y
Tt 2m i
2
i (Y*Y+YY *)='—[Y*N2Y-YN % ]
2m
2 2
i YY' = - —NY+WY and¥Y= - HNY*’+ WY
2m 2m

2
—» iY=-—N¥%+W andc.c
2m
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Vx,2 =" 4'Vx,l
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