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

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

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

( )( )
( )( )
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0
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Q
kTf t P t
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e
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� x

x�

0T
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proposition of emergence:

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

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

0
,0 ,

,00 ,0

Q
kTf t P t

Pf
e

D-
= º

� x

x�

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 (subquantum domain): recast into 
more “macroscopic” properties (collective wave-like behaviour) on the 
quantum level, i.e., with

( ) ( )2, ,P x t R x t=

0T

8/30
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Definition of the total energy of a “particle“ and it s thermal bath:

( )0
tot

22
0 ,  where : :

2 2
  

2 22
k pmu

E
TT k

m
w

w d
+ = = == �

�
(p.d.o.f.)
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Boltzmann‘s formula

( ) ( )2 2 0Q S S t Swd w d d� �D = = -� �
provides

( ) ( ) ( )
2

, ,0 ,0
Q S

P t P P ee w
dD- -

= =x x x� �

and thus
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Average Orthogonality Condition (AOC):

Thus, 2
tot  ,
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A P V d xdt
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p¶
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¶
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�
with

( )tot : .
R

S S S
R

dd
Ñ

= Ñ + = + = Ñ -= + up k kp p � � �

( ): ,    0.nP t d xd d× = × =�p p x p p
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(Note: no de Broglie-Bohm-type Hamilton-Jacobi Eq. necessary!) 
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Illustration of Average Orthogonality Condition:
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“Bohmian version“:

( )2

0,  with "quantum potential" ,
2

SS
V U U

t m

Ñ¶
+ + + =

¶

( )
22 2 2 21

.
2 4 2 2 2

R P P m
U

m R m P P

� �Ñ Ñ Ñ ×� 	= - = - = - Ñ×� �
 �
� 
� �� �

u u
u

� � �

Then, 1
2 2

P
Q

m P mw
Ñ

= - = Ñu
�

provides the thermodynamic formulation of the “quantum potential” :

22 21
.

4 2
Q Q

U
m w w

� �Ñ Ñ� 	= -� �
 �
� 
� �� �

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

2 1
0 0.

Q
U Q

D t
¶

= Û Ñ - =
¶

I.e., even for free ������
������ particles, one can identify a “heat dissipation”
process emanating from the particle. 
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2 1
0 0.

Q
U Q

D t
¶

= Û Ñ - =
¶

I.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).

( )2 1
0 .i tQ

U Q q x e
D t

w¶
¹ Û Ñ - =

¶
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I.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).

( )2 1
0 .i tQ

U Q q x e
D t

w¶
¹ Û Ñ - =

¶
…when Fourier-trf., becomes

� ( ) � ( ) ( )2 2, , , ,Q x Q x xw k w wÑ - = �

i.e., the defining equation for (nonlocal!) Diffusion Wave Fields
(Mandelis et al.: “entire domain ‘breathes’ in phase with oscillator” )
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( ) ( ) ( ) ( )

( ) ( ) ( )22 2 2 2

2
0

... results from momentum fluctuations (up to second order)

; hence, the   0 .

with AOC:  

"natural" dr

0
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x t x u u t
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and for 1 , t w� ( ) ( ) ( )
0

1
: ' ' 2,

t

D t D t dt D t
t

= =�

( )2 2
0 2  tx x D t t== � + … a Brownian-type displacement with a

time-dependent diffusivity

Define ( ) 2
0 ,D t u t= then

15/30

(#��  ��	������������&/

	�
��
�'�
��� �����8�����	����
���	�� ������	�����(����O/���	�6
(P ��	�
��!����	����� 
���� 6/

0u



2�
�� �����+�%����� ,�&���
���0����'�
�%�  ���%����

From
( )2

tot const. ,
2

p
E

m

d
w= + =� with AOC and initial Gaussian distribution,

0
0

 :
2

P D
u

m P s
Ñ

= - =
� 2 2 2 2

0 0tx x u t== � + and thus also
2 2

2 2
0 4

0

1 . 
D t

s s
s

� 	
= +
 �

� 


and for 1 , t w� ( ) ( ) ( )
0

1
: ' ' 2,

t

D t D t dt D t
t

= =�

( )2 2
0 2  tx x D t t== � + … a Brownian-type displacement with a

time-dependent diffusivity (“ballistic diffusion“).

Define ( ) 2
0 ,D t u t= then
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average total velocity field of a Gaussian wave packet:
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Computer simulations with Coupled Map Lattices (CML):

[ ] [ ] [ ] [ ] [ ] [ ]{ } ( )2 with, 1 , 1, 2 , 1, ,   
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