Field using Casimir cavities in the realm =
of Stochastic Electrodynamics
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Introduction

1) ZerePoint Energy (ZPE)
A Quantum Mechanics (QM) predicts:

Ve

A Even at zero kelvithere is energyfilling the vacuum
A Zero Point Field fluctuations (ZRFimposed by the Uncertainty Principle

2) Influence of the ZPF
Al'tyy2G 06S RANBOGfE 20aSNISR édy'\”" dalf ¢
A But its effects has been experimentally detected:

A TheLambShift
A The spontaneous emission

/

A TheCasimitForce “

A Casimir forcebetween to plane reflectors: 74
A Originatedby the electromagnetic differential pressure

A Theoreticallyit allowsto extract energy from the ZPF Casimir}" /
without violatingany thermodynamidaw plates Vacuum

A Unfortunately, only works once, not in a continuous cycle

fluctuations



Introduction

3) ZPF in our study

A Just theelectromagneticpart of the ZPF in QM Classi_c
A We prefer to treat ZPF within the realm ZPF & QA Bl dzh)f mechanics
of classic mechanics photons ZPF=real
electromagnetic
waves

the matter-ZPF interaction
equal tothe rest matter
radiation interactions

aNBIt e JLIK2Z2 U\ g distinctions

4) Extracting energy from ZREontinuous cycle)

1. For make energ¥ t 2 gadowd&benergy state region is required

2. Such as the inside@asimir cavity -

3. The energy from outside must be stored with somechanism

4. Inside the cavity this device caslease the energyn excess -
physics.aps.or




Introduction

5) Stochastic Electrodynamics (SED)

A Relativistic classic mechanics + ZPF

AhNDAGAY T dedeleralad Brgeds M , ) -
M N} RAFGSE 6aLIAYyyAy3d R2gey U266l NRa 0KS

A But they also absorb energy form the ZPF L
A Equilibrium between radiated and absorbed power i zp;e@\ :ahd?uzvzraged
Ibatomic stability _— "‘ ® /'l predetermined by
A Atoms could be thaft YSOK I y A & Yé \. . theZPF spectrum
Flow _ -y .
> 1. Inside a Casimir cavify
the ZPF is modified
2. Atoms can undergo a shift
RPN rad P St . :
v Q /_\@ﬁ - el . |Fr; tlhelr.st;tes .
i / , . Releasind.armorradiation
P RONNY L ® SNCEN

! in that process
\ !/ N % \ /
\ ’ oo \ /
R~ S < 4. Just flow ground state atoms

through Casimir cavities
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6) Goals

A Simulate the interaction between atoms and the ZPF

A Detect the possible shifts in the atomic states induced by
Casimir Cavities

A Proof of concept method to extract useful power from ZPF

7) Motivation

A ZPHAhinexhaustible energy sourcettegrating up to the
Plank frequency(p m '09 VACUUM DENSIRY ko

A Greenand availableeverywherelensuring the
sustainability of futuregenerations

A Study of theSEDa fundamental theory that still remains

little explored(SED could explain the genesis of Quantum
Mechanics)




Stochastic Electrodynamics (SED)

bS60G2y Qa
equation of +

SED ==

motion
(relativistic)

SED was able to explain:

A In SED the quantization arises naturally
A Casimir and van der Waals forces

A Plank blackbody radiation

A Unruh effect

A Uncertainty principle

Some more controversial:

A Inertia
A Gravitation

But still lack many systems, such as
0KS d2Y AYaARS

Random
wave Electromagnetic
equations + background
of Maxwell 20
z(0) 7 &I
r

-2J per mode

The only possible
spectrum
(Lorentz invariant)

2 comes from
experimental data
Nothing to do

with QM

Classically: matter is
continuallyradiating
(radiation reaction)

& S

ZPF Radiation from
compensates - | distant matter |
energy losses =

[Hstability ZPF




SED1i Hydrogen atom (H)

UbSs02yQa 24502y Ry ind Gonemivii® i A2y F2NJ
Radiation
Coulomb  aaction ZPF force frompand |

. Q» Q» CQ P 0 » : Yoy Op e
oY iyl & GO aeD 6 Q{F[’(O)m] 90 ”[b(o)h)]}

o P
r (»o)
(0 0 0 ) h & h A \
i Gauss distribution
/ integers Mean = 0
Cavity Variance ==
dimensions

space)

big for free -




SEDIT H in the free spacesimulations

The atom was never fully described by SED

Difficulties in the analytical solving, owing to then-linear Coulomb potential
A solution:numerical integration

Approximations to speed up the numerical integration
originally proposed by Cole and Zou (2003)

Longenough
to consider it

A To force a 2D orbit i & in free space

1. NarrowcavityA 0 =0 =o& © aand0 = 8 [1[]

2. No 8, and Owaves in only one directio€d) e

A At each iteration: just the waves in resonance with
A within afrequency window 18t O

ANo waves foi belowi D P



SEDIT H in the free spacesimulations

A In order to get aetter statistics, 261
simulations were carriedut

(Cole and Zou (2013) made 11 simulations)

A Only64 reached the final timee p T S
(longer than Cole and Zou)

Comparing the classic decajth
0 KS { 9 5A0the ZREskaiws |
to avoid da atomicolapse

Some runs were
not so good:

Extremelly elliptic orbit#\

' randomness decreased
2+ |
P,

" ‘ . (spontaneous ionization)
S x10°

—without ZPF
6 | — with ZPF

H Continuously rising orbits

% 10710

4
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SEDIT H in the free spacesimulations

N
%]

. : . 2 _sep

A Histograms of all simulations
summed(as Cole and Zou
done)

ALGQa AyOf dzZRSR Ay
Onlythe radius up to a certain 0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
tlme ||m|t r (Angstrom) r (Angstrom)

=y

w
=y
(3]

P(r) (Angstrom")
Lu P(r) (Angstrorn")

(&)}

o
o

—am |

A This time limit increasefsom 3 —sto 4 —Sto
1to 4

A If there is no trends over time,
this is just the same as 05|
Increasing the statistics

P(r) (Angstrom'1)
P(r) (Angstrorn")

0.5

0 0.5 1 1:5 2 2.5 3 3.5 0 0.5 1 1:5 2 2:5 3 3.5
r (Angstrom) r (Angstrom)
: N Longer time limi reater
The radius distribution 9 g g
statistics but...
from SED converges to

iKS vaQa LINSRAO|GA 2Bvergesirom QM
(blue curve) Is the averaged radius time

dependent?




SEDIT H in the free spacesimulations

-10
» . B ) 3.5 >ioLx=Ly= 1.06 nm
A Average radius as function of time (blue line) 3| —L =L =108
A there is in fact &rend over time towards O e e
£ Y| —Bohr radius

spontaneous ionizatiog are the electron g,
absorbing excess of power from the ZPF? §1 .
i Possible causes: : '
0.57
1) The computational model or even the SED are wrong 0 . . .
0 0.5 1 1.5 2
12
2) The utilization of minimum radiu | n '© <10
3) The use of only the waves in resonance with the orbit ﬂ
(frequency windowy
. Simulationgor two diferent0
4) The useof onlyOwavesin just one directionimposed by and0 A as we suspected this
the cavity dimensiong, if 0 and0 are changed, the ~ parameters have a strong
_ _ influence on the resultsoit
model should still describe the free space, however could be the problem

owing to the normalization constaléb /(0 0 0 )) the

amplitude of the waves will be changed too



SEDIT H in the free spacesimulations

1) Inthe case wher® and0 weredecreasedthei  was consequently

decreased for@ o p m b There were even more simulations reaching
thei A most likely the lower radius limit is not the problem

x10710
2) We performed an additional simulation where i

all the wavesxceptthe ones in resonance were 08
included

€
U This waves have also a great influence in th°:> §0_4M

radius of the orbitA the frequency window
could be the problem 02

——
—
—_
w
~—
X
—_
o
-
w

ConclusionThe origin of the problem coulc
be a combination of these discrepancies )

—SED
1.57 1

Interesting note:owing to a bug in the code we generateﬁ
waves just irwand traveling in only one orientation;

where thebestmatchwith QM was achieved 1 2 3

r (Angstrom)

gstrom'1)




SEDI H inside a Casimir cavity

Vd

0¢2 az2fodS (GKS RAAONBLI yOASA T2dz
1D ZPKA 3D ZPF B

AMuch more computationally heavy N
Alt allows to simulate the Hydrogen in 38— -4

o
!

2z position (m

It was not possible yet to validate this
model for the free space with our e
actual computational resources 4ol

10 0 -0.5 -0.5 x 10

¥ position {m) x position {m)

We computed the equilibrium radius ) of L o5 | 8RNR23ASY

the orbit for cavity case using the 3D ZPF

11
6 =10

i H » decreases as the edde) of the cubiccavity decreases
4 - Unfortunately these results aneot reliable due to the many
E .l .~ considerations we have done:

A We used the analytical equation of tlasorbedpower according
1 to the Harmonic Oscillator approximation

0 e e 102 A We used theadiated power characteristic of the free space
L (m)



Methods to extract energy from the vacuum

alye ljdSairzya FyR KeLRi(iKSasax

If there are shifts, how will they occur?

1. Progressively in gpiraktlike decay orbit, emitting.armorradiation
at the electron spinning frequency

2. In atransition-like process, most likely with a characteristic Hét
time and emitting radiation whose frequency is related to the shift

Flow
Ground state reduction . >
method (without excitation) e s
A Ground state atoms flowing %/"\@ ,,__\géi ,/’"_:PF*@
through Casimir cavities ! ®fj 1 SoN Lo

A May be necessary supress .

UKS %t CQa Y2RSa \}"V’I/N%*égm- V. OS RN

with the valence orbits Casimircavity 3




Methods to extract energy from the vacuum

Ground state reduction methodstate of the art)

A Moddel andD mi t r ieyperimanfasdata wasconclusive (IRregion)
A Puthoffwas not able to detect th&® molecular ground state shift

t 2aaAot S é | dza S a X Owning to thefluctuation

dissipation theorenmo major shift

1) The shifts were outside the studied energy ranges | in theHarmonicOad OA £ € I G 2
equilibrium state is expected, only

A study other energy ranges (visible and UV) L, .
2) There is no shift in the ground sta g owEveiiONsalons

A try excited states

1. Waves can be themselves

3) The shift is hard to detec supressed inside the cavity
- 2. Their energy can be hard to
A lry excitedstates distinguish from thermal noisé¢

4) Atransition between states is required to the shifts | In excited states a higher shift is
take place” search for an energy gain in transitions

1”4

SELISOGSR aayo0os
orbits have lower frequencies

5) There is no shift at aj Transition + shifthave a smaller
wavelength than the shift alone




Methods to extract energy from the vacuum

With excitation:

U Radiation emitted directly from the shift—— Flowing the excited atoms

U Energygains in atomic transitio e el not
9w test this hypothesis)

LT GKS akaTd 2yte ki LILISYEL ERNEGSE T RATY LR US

ERetT00. gallia [RUNEStALe, Shilt EO-method. gain = exciteestate shift(higher)

E Outside Inside Casimir Outside E Outside Inside Casimir Outside
Casimir cavity cavity Casimir cavity Casimir cavity cavity Casimir cavity

E, e o

F Y E, — __
E ;E'H_ i : B ZPFn I___ rﬂﬁ
le 0 ‘F’&E 1e A ﬂEl
iy N y z;“ —

A J
Eoe —— -

A
T EOI:
AE, > AE, FLHIZPF AE, > AE,

ExcitelnsideMethod (EI) t ExciteOutsideMethod (EO) t




Experimentaketup

U Casimir cavity
Metals become bad reflectors above their plasma frequency

A Aluminiumis the better choice since its reflectance is still
high at the VUV regiof w 1 B 200 nn)

SEMphotos (d=100 nm)

QgmmT Qpmmmm

We used:NucleporeTrackEtched
Polycarbonatanano-porous
membranescoated withAl

\ o

r=50.56 nm

Pores diameter (d)50 and 100 nm
Thickness7 - 20> Y

() Differential pressure0.69 bar
r=54.19 nm

. ~ s
SEM HV: 15.0 kV WD: 14.41 mm I VEGA3 TESCAN SEM HV: 15.0 kV ‘ WD: 14.42 mm I VEGA3 TESCAN PO re d e n S Ity p .’-[ » (p p .,-[ A I

View field: 6.92 pm Det: SE 2pm View field: 1.38 umJ Det: SE 200 nm
SEM MAG: 20.0 kx | Date(m/dly): 09/12/14 Performance in nanospace SEM MAG: 100.0 kx | Date(midly): 09/12/14 Performance in nanospace




Experimentaketup

U Designed to detect energy gains  TheMC 1excites the atoms witlo and the
iNn atomic transitions MC 2records the emitted radiation, when a
oL o Isdetectedthere was arenergy gain

ed with hethod or E@nethod

. PMT. 160- 650¢ @, also operable
Monochromator 1 ' Monochromator 2 down tox 115nm (less sensitive)

MC1 and MC2% 30-550¢ &

Lamp deuterium, continuous
spectrum 115 370¢ a

Chamber stainless steel vacuum
system, pumped with two turbo

molecular
U Turning off theMC1, we can also Gas Xenon, because is the heavier noble gas
detectthe emittedradiation and have the resonance transition of lower
: . o,
from ground state flowing atoms B0 (R el R =N

(Ground state reduction methdd Dataacquisitiort a Multi-Channel Analyser



