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Abstract

There are two interpretations as to the source of energy behind the Casimir effect. In the first, the energy source is
considered to be the zero-point fields in the vacuum of space between the plates. In the second, the source is considered
to come from the potential energy of atoms in the bulk matter making up the plates. It is believed that these two
interpretations are equivalent.

The proximity force approximation (PFA), which can be premised upon the vacuum interpretation, is used to calculate
forces between certain non-parallel plates. The PFA corrected for plasma wavelength and temperature has been used to
gauge experiments, all of which have been done at room temperature until recently, with good agreement. When applied
to, for example, sinusoidal half wavelength wedge geometry, anomalous asymmetric lateral forces appear. Because the
PFA is premised upon tiny parallel plates, the local geometry of non-parallel plates is lost. When local geometry is
considered, additional anomalous asymmetric forces can appeatr.

The pair-wise summation (PWS) approximation, based upon the bulk matter interpretation, does not produce asymmetric
forces. Given the putative equivalence between the two interpretations, asymmetric PFA plate forces could be written
off as artifact.

There are problems with the equivalence hypothesis, the most notable being that the PWS calculation is much smaller
than the PFA, requiring a calibration factor and the two approximations produce forces in different directions for
laterally asymmetric plates. The simplest way to reconcile the two points of view may be to abandon equivalence and
instead consider the PWS bulk approximation a subset of the Proximity Force Approximation (PFA). The PFA would
then represent the sum of vacuum and bulk components.

1. Introduction

As to the question whether the Casimir effect [1] can produce asymmetric forces with certain plate configurations ,
conventional wisdom says no. Asymmetric forces would imply that energy could be extracted from the quantum
vacuum. Although Cole and Puthoff [4] have shown that extracting energy from the vacuum would not, in principle,
violate the second law of thermodynamics, no one to date has shown a feasible extraction method.

It is true that Maclay and Forward proposed a gedanken spaceship powered by the dynamic Casimir effect where energy
is pumped into a parallel plate cavity [11, 12], resulting in a propulsive force that was vanishingly small. However, no
one, to the author’s knowledge, has shown that a native Casimir force, using laterally asymmetric plates can produce an
anomalous asymmetric force.

There are two interpretations as to the source of energy behind the Casimir effect [11, 12]. In the first, the energy source
is considered to be the zero-point fields in the vacuum of space between and around the plates. Such a system could
conceivably be open. The Proximity Force Approximation (PFA), also known as the Derjaguin approximation [5], can
be premised upon an energy from the vacuum of space interpretation and can be used as a surrogate for that
interpretation in calculations of laterally asymmetric plate geometries.

In the second interpretation, the source is considered to come from the potential energy of atoms in the bulk matter
making up the plates, an extension of the Van der Waals forces. Without some other energy source input, such a system
would be closed and could not produce anything other than equal and opposite forces between the plates, no matter their
shape. The Pair Wise Summation (PWS) approximation can be used as a surrogate for the bulk interpretation in
calculations of laterally asymmetric plate geometries.

The PFA and PWS calculations for lateral force will be compared and shown to be very different in both magnitude and
direction of force in laterally asymmetric plate geometries. Even though it is believed that these two interpretations are
equivalent [11, 12], it will be shown that another interpretation is that the energy from the PFA calculation is consistent
with the sum of the energy from the bulk PWS calculation plus a purely vacuum energy component.
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2. The Pair Wise Summation Approximation (PWS)

With the Pair Wise Summation approximation, theiattion energy potentials of pairs of polarizaditems from two
plates are added together as shown in Fig. 1.
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Fig. 1 — The summation of the energy potentialgaifs of atoms from the two plates
The energy potential of the atom piifis described by the Casimir-Polder equation [T, 15
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The parametaer; is the distance between atoirendj, asandaw are the electostatic and magnetic polarizabilitshe
atoms respectively. Sineg << aein many cases, the Casimir Polder equation is sorastsimplified to [2]:
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Since the forces on any pair of atoms are equabapdsite, the vector sums of all the forces fbthed pairs of atoms
will also be equal and opposite.
It will be noted that there is no restriction oe $hape of the plates with PWS. Also, it is geheracognized that the

total energy of the plates is not the sum of thergynfrom the individual pairs of atoms, but thatlier atoms in the
plate are shielded by nearer atoms [15].

3. The Proximity Force Approximation (PFA)

The Proximity Force Approximation (PFA) is basedunphe forces between two perfectly conducting lperalates.
The conducting plates suppress vibration modestfal photons between the plates but not outdiéeptates resulting
in there being less energy inside the cavity thaside. The subsequent energy difference betwetside and in
results in an attractive force pushing the platggther.

Casimir cavitv - vacuum T

Fig. 2 — A Casimir cavity between two perfectly daoting parallel plates

The Casimir energy per unity areaey, derived from the zero point fields in a vacuumtigo perfectly conducting
parallel plates is:
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wherez is the distance between plates. The normal foecainit area on the plates is:
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In a paper by Milonni, Cook and Goggin [13] the i@asforces are calculated explicitly from the ratibn pressure of
the vacuum. The result for perfectly conductingafial plates is the classical Casimir formulatafrthe force per unit
area as given in Eq. 4.

3.1 — The proximity force approximation for non-pigel plates

Non-parallel plates can be thought of as multigleapel plates as is shown in Fig. 3. For simplicihe energy per unit
area in they direction is considered to be constant in thisentrconsideration. But it does not need to blee Jame
methodology can be used to calculate forces betaesmiere and flat plate, the result of which &gb called

“Proximity Force Theorem”, which states that thieaatting forcelsp, between a sphere of radiRseparated from a flat
plate by distanca is 2R gp(a), whereeyy(a) is the energy per unit area for two parallel filsttes separated by distance
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Fig. 3 — Dividing non-parallel plates into a sepefallel plates

The energy per unk, yareae,, can generally be easily determined for a geneslainetric pixel given the geometry of
the plates.From that the total plate energy can be deterniiyygdtegrating over, yarea in terms of some geometric
parameter for distance between plates -

To be clear, the normal direction is the directi@tiween the plates, perpendicular to the pardieéiets - in the
direction. The lateral direction is along the pfain thex direction.

Given the energg per unitx, y areaat some location on the plate, forces per ynjtarea at that location can be
determined in the following way:
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Since energy per unit area is constant ilthection for what is being considered in this @aphe middle force term
in the direction of th¢ unit vector (they direction) goes to zero. Also, while more “exattéthods [8, 14] exist for
arbitrary geometries the geometries considered dreravithin the domain of the PFA.

3.2 — Calculation of normal forces

Using the right most term of Eq. 5 (tkaunit vector term), the normal forces per uqiy area for each plate can be
calculated as follows, first for plate 1:
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Similarly for plate 2 the normal component of fopEr unit area will be:
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Notice thatfz on the bottonZ; plate is in the positive direction (up) afadon the topZz plate is in the negative direction
(down). Thus the forces are attractive and sfpce - f» for all parts of aredy, the normal forces are equal and
opposite for normal forces calculated using the PFA
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3.3 Calculation of lateral forces

As with the normal forces, the lateral forces pait ¥, y area for each plate can be calculated as foll@iveyi unit
vector term of Eq. 5, first for plate 1:
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Similarly for plate 2:
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Total lateral forces on plates 1 and 2 may or natybe equal and opposite depending upon the asymengebmetry of
the plates. The reason, as can be seen in thé@wifor the two plates, the partial derivativeaynmot be equal.

3.4 Limitations of the PFA
Unlike pair wise summation, which can be used fatgs of any shape, the PFA has restrictions die gleometry.

Fig. 4a — Restrictions on plate slope Fig. 4b -tiR#®Ns on plate radius of curvature

In Fig. 4a, lineAB is the distance used in the PFA as the distanweskea plateg; andZ; at locationx. YetC on plate
Z, is closer toA thanB is, andD on platez, is closer tdB thanAis. Thus area & would be expected to influenge
greater thamB does and would influenceB greater tha\ does, leading to the restriction that slopes ategl not be
too great unless the distances between plates leadaigh apart at these sections of plate as twilsote negligible
influence (for example like a sphere and flat plate

In Fig 4b, the center of curvature for a sectioplateZ; is atE. If the curvature of>were any tighter or the distance
between plates any larger, the center of curvatunad fall within the cavity, leading to misleadiegtimation of the
energy within the cavity. Thus there is a redwoitthat the center of curvature cannot fall witthie cavity.

The restriction of Fig. 4a is the basis for a P#easion [6] that could not only give a better mstie of forces between
non-parallel plates but might also eliminate thtedal asymmetric force anomaly. However that iswileat happens.
The PFA extension not only maintains the lateretdoasymmetry for laterally asymmetric plates bsib produces an
anomalous normal force asymmetry for normally astnin plates.



4. PFA Resultsfor the Sinusoidal Half Wavelength Wedge
4.1 A mathematical model for a sinusoidally corrtgghhalf wavelength wedge

The geometry of a sinusoidally corrugated half viewgth wedge is depicted in Fig. 5. The parameises! in the
mathematical model based upon this geometry ariced in Table 1:

Parameter | Parameter Name Value

L Corrugation wavelength 1.2 um*

A1 Corrugation amplitude of plate 1 | 0.059um*

A Corrugation amplitude of plate 2 Variable — betwBeandA;
X1 Phase displacement for plate 1 Setto 0

X2 Phase displacement for plate 2 Variable

2 Parametric distance between plate®233um*

Y Plate widths (plates 1 & 2) lcm

Table 1 — Parameters and values used in half wagilevedge model
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Fig. 5 — Geometry for half wavelength mathematiatiel

The parameter values in the table with asterislewlgose used in the Chen, Mohideen, et. al. axgerti of 2001
demonstrating the lateral Casimir force [3]. Xend z coordinates in Fig. 5 are in unitd.dhe corrugation
wavelength. The equations fdr andZ> describe the, z cross-section of plates 1 and 2 respectively.

4.2 — Calculating total lateral forces on plates
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Fig. 6 — Calculation flow for determining total éar on plates 1 and 2 individually and collectively



As shown in Fig. 6, the process flow for calculgtimormal and lateral forces on plates begins wiéhenergy per unk,
y area in terms of the parameters of the plate gggmAs might be expected, there are two waysrtaged. 1)
Calculate the total energy first and then calcullagetotal force or 2) calculate the force per anga first and then
calculate the total force.

Total energy is calculated by integrating the epgrer unitx, y area over th&, y area, which is the same for plates 1 and
2. The subsequent total energy can be used foulatihg both normal and lateral forces. Lateoatés for use in the
model are subsequently found by taking the padgaivative of the total energy with respect to pirase displacement

X, for plate 2 anc; for plate 1. IfX; =X, = X, the total force on both plates together can beddy taking the partial
derivative of the total energy with respectto

The other way of proceeding is to calculate therkdtforces per unit x, y by taking the partialidative of the energy
per unitx, y area with respect to phase displacenmxerior plate 2 and; for plate 1. 1fX; = X, =X, the force per unit
area on both plates together can be found by takimgartial derivative of the energy per unit atgawith respect to
X. Total lateral forces on plates 1 and 2 are taculated by integrating the forces per unif area over thg, y area.
Note that the phase displacement varialfle¥. andX are not the same as the area variable

4.3 — Calculating the angle of the lateral + nornfiaice vector resultant

As one may have noticed, the lateral force perxynitarea doesn’t seem to have any physical meaniogt i$
interesting to note the angle that the lateral plusnal force per unit, y area vector resultant takes relative to the local
area (not the, y area).
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Fig. 7 — The angle of the lateral plus normal veotsultant relative to the local area

In Fig. 7, if the normal plus lateral vector resultis perpendicular to the local area, then ABewill be perpendicular
to the tangent to the curngeC and6 = @.

First it is given that:
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The magnitude of the normal force per unit arealfeiZ, plate is then:
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While the magnitude of the lateral force per unéaafor theZ; plate is:
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Thus taking the absolute value Eq. 11 divided by
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More over, the derivative &, with respect tx is the slope oF; at A and provides the means of determirgngr hus:
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Thus, 8 = gmaking the resultant force perpendicular to thallptate area, further making the resultant foreeymit

local plate area a PRESSURE. So while the lafereé perx, y area doesn’t have physical meaning the vectoraum
the lateral and normal forces per unit area does.

Similar arguments can be made in the case dZilpéate.

This demonstration that force per unit plate ared X, y area) is perpendicular to the plate area is cterisvith the
Milonni, Cook and Goggin [13] demonstration of ratthn pressure for flat parallel plates and impllest non-parallel
plates are also subject to radiation pressure.

4.4 Lateral Forces on Plates versus Varying CortigyaPhase %

(12)

As a first test of the behavior of lateral forcestalf wavelength wedge geometry depicted in Figohsider what
happens when the corrugation ph&sef theZ, upper plate is changed while the bottdnplate remains stationary.
Changing the corrugation phase of the upper ptaggjiivalent to imagining that the corrugationghefupper plate are
extended in the positive and negatiairections. AsX; increases, the upper corrugated plate moves fefirntol right.
Only that part of the upper plate that is direethove the stationary lower plate participates ex@asimir effect as
calculated by the PFA.

Starting with the energy pery area
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Calculate the lateral force per urjty area for plates 1 and 2 by taking the partiah@deiie ofe,, (Eq. 13) with respect
to Xy andX; respectively. After the derivatives are takem Xse= 0 because plate 1 is stationary. The resultplfde 1
are:
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Similarly, calculate the lateral force per uxity area for plate 2:
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The next step is to calculate the total lateratdsron each plate and the combination of platesthieg
The total lateral force on plate 1 is found by gntging Eq. 14 by andy:

L
= Y
Fl(xz) = Ixiojyzo fx1(X2hme Repesented by

The total lateral force on plate 2 is found by gntging Eq. 15 by andy:

(14)

in Fig. 8 (16)

L
L
Fz(xz) = inojyzo fXZ(XZbme Represented by

The total lateral force from both plates is obtdibg adding Eq. 16 and Eq. 17:
F(X2) = F1(X2) + F2(X2) Represented by in Fig. 8 (18)

in Fig. 8 a7
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Fig. 8 — Lateral forces on plates

Observe that the forces on the top plate (in reglsametimes positive (to the right) and sometinegsative (to the left).
The forces on the stationary bottom plate (in blre)always positive. The forces on the combimatioplates (in
black) are also always positive except for corriogaphaseX, = L/2 where it is O.

4.5 Lateral Forces on Half Wave Plates with Paraiéate “Wings” vs. %

The second test of lateral forces on half wavelemgtdge plates involves extending the extremitfabe sinusoidal
wedges in both directions (for both plates) witihgtlal plate “wings”. Again, the bottom plate wile held stationary
and the top plate will be allowed to slide back &orth.

Starting with energy per uni y area:
herr 1
720 (Zz (Xz) - Zl(xl))3

z(x)=A @o{zT” Dmin(max(o, X— xl),%D and
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Obtain the lateral force per umity area for pIate 1 by taking the partial derivatife,, (Eq. 19) byXu:
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Obtain the lateral force per umity area for plate 2 by taking the partial derivaivey,, (Eq. 19) byXo:
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The total lateral force on Plate Az(Xz) - can be obtained by integratirg (X2), (Eq. 20) byx andy:
15L
I I fx1 dyﬂjx Represented by in Fig. 9 (22)

The total lateral force on Plate Ri(Xz) - can be obtained by integratifg(X2), (Eq. 21) byx andy:
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in Fig. 9 (23)

Fz(xz) =I

Y
fyo (X, )dyLex
x=0 Iyzo X2( 2) y Represented by

The total lateral force from both plates is obtdibg adding Eq. 22 and Eq. 23:

F(X2) = F1(X2) + F2(X2) Represented by in Fig. 9 (24)
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Fig. 9 — Lateral forces on half wave plates withaflel plate “wings” vs Xz

4.5 Lateral forces on sliding half wave platesXs.

The third test for the behavior of sinusoidallyregrated half wavelength wedge plates is similah&ofirst test except
that the corrugations on the upper plate are ntenebed in the positive and negativdirection. Instead the only
Casimir interaction according to the PFA is fordbgarts of the upper and lower plates that agtoakrlap each other.

Thus the energy per unity area and the force per urjty area for plates 1 and 2 are the same as depictegl.il3, 14
and 15 respectively.

The total force on plate 1:

ForX;>X;=0: ForX, <X;=0:

L
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The total force on plate 2:
ForX;>X;=0: ForX, < X;=0:

L L
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The total force for both plates combinedR§Xo) = F1(X2) + F2(X2)
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Fig. 10 — Lateral forces on sliding half wave psats.Xz



Thus all test 3 calculations for lateral forceshaif wavelength wedges have shown asymmetric forces
5. Differences between PWS and PFA
5.1 Calculating lateral forces on the sliding halavelength wedge versus ising PWS

In order to demonstrate the difference betweerbtile and vacuum centric calculations, elementhieftest 3 PFA
calculation, the results of which are shown in Bi@, will be incorporated into a PWS calculatidror simplicity, the
full PWS calculation will not be done but will irestd be done for a few “atoms” representing theeplat

Representing the energy per pair of atoms in eftteglates is a simplified Casimir-Polder equatio

C
ePWS(X11X2' X1, Xz) = _( where 27)

(X, = X, + %~ %)+ (2,(5) - 2(x)2)

2 2
zl(xl) = ACO{T le , Zz(xz) =-A CO{T ng *t 7, A, =A; andC is an arbitrary constant.

The lateral forces per pair of atoms is then fatell:
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P (2ab)- 207+ (¢ =, + 3 -,F

The total lateral forces on each of the two pl&esbtained by summing up the lateral forces omediche pairs of
atom for each plate.

Total lateral force on plate 1

I:Laterall X1, X ZZ fLa\terall X, %o, Xq, X ) (30)
— % =0%.=0
Total lateral force on plate 2:
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Fig. 11 -PWS Calculation for Half Wave Wedge Lateral Forces
It will be observed that lateral forces for theflvedvelength wedge calculated by PWS cancel outredsthose
calculated by PFA do not.
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5.2 Deriving PWS equation for parallel plates

Doing a full PWS calculation for corrugated platess dismissed in favor of a representative calmrahvolving a few
“atoms”. However a full calculation can be donegarallel plates and then compared with the vacatiented
calculation. Fig. 12 shows a diagram definingpgheameters for the PWS calculation of two pardiiéliplates.

: [ rwccomsm  pne ]
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Casimir @vitv - vacuun /T (XLY1,21,X2,Y2,22)
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Fig. 12 — Diagram for deriving PWS equation forglkl plates

The interaction energy between a pair of atomdateB 1 and 2 can be found from the simplified @asPolder
equation first shown in Eq. 2 and here repeateld some modifications:

23hC Lir 10,
4t (%, Vi, 21, %0, Y20 2

u(r(xl- Y1: 21, X5, Y2, 22)) ==

)7 where

(%0 Yo 20, X0 Y5, 25) = \/ (%, =% +(y, - v.f +(z, - z)* andae, ae: = electrostatic polarizability of atoms.  (32)

The total energy between plates is found by intéggaver the volumes of both plates:

U (a’ d): _ 23'% |]7E10'E2 |]72 q ZTa ]. J. J’ J’ dX2 le myz myl |]j22 le
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wheren = number of atoms per unit volume. (33)

After much calculation the normal force on plateeZomes:

F (ad)=-2u(ad) _ _23creae, b’ E'_D<Yfﬁl4 2 1 J+ SmallerTems -~

da ar 10 a'* (a+d)' (a+2d)

Whend = 0,F, = 0, which makes sense because wherD there are no plates and thus no force betplktes. When
d is much greater thaa, but much less thaX or Y, F; becomes like the vacuum centric Casimir equat&sabse the
terms withd in them go to zero. Fof approximately equal t¥ and plate separatianless tharX / 1000,SmallerTerms
is approximately less than one part in a thousand.

5.3 Comparing the PWS with the vacuum centric smidor parallel plates
First a comparison of constants used in both caficuls:

Universal Bulk (PWS) Vacuum (PFA)
h Reduced Planck’s constant | 1.055 x 1&’ erg*s 1.055 x 167 erg*s
c Speed of light 2.998 x 16° cm/s 2.998 x 16° cm/s
Material Specific
ags | Electrostatic polarizability of | 1.88 x 1¢** cm?/atom N/A

atom (gold)
n Number of atoms per unit N/A

volume 5.9 x 162 atoms/cr (gold)

Table 2 — Constants used in calculation of Cadionaes



’n? her? XY
Ford much greater thas, Fpys = —% and Fp, = peyrorad
F 138&r:°n?
Resulting in the ratio: FPWS = ni = 0172¢or gold. (35)

pp

The conclusion is tha&tpwsis much less thaRp,, which leads to the question: If bulk and vacuuondeis are equivalent,
Why is the ratio not closer to 1?

Proceeding a step further, it is interesting tedaine the dependency of the force ratio in Eqo8plate thicknesd.

01

017
0.1&

013
014 Red a=0.3um (Material specific constants for gold

013 used in PWS calculation )

01z Bluera=/0.35um

011

01

Ratio: Fpws/ Fpp

0.os

ooz

007
010203040506070808 1 111213141518 17 18158 2

Plate thicknesd (um)

Fig. 13 — Dependency of force rafiews/ Fpp on plate thickness

It is known that nearer atoms shield further atosossome effective distance needs to be used in éal¢8lations
resulting in the force ratiBpws/ Fpp < 0.172.

Differences between the bulk and vacuum calculatiman be summarized as follows:

« Laterally asymmetric geometries result in latgrasymmetric forces for PFA

* If bulk & vacuum models are equivalent, WhyFswS /Fpp ratio for parallel plates not closer to 1?
¢ Screening of distant atoms by closer atoms shmalkle difference greater

« Lateral forces calculated by PWS cancel out. €rzsculated by PFA do not.

6. Are bulk and vacuum models complementary?

The general consensus is that the bulk and vacaoterpretations of the Casimir effect are equivaldntview of the
differences seen from calculations using the PWthaa PFA, could the two interpretations be comgletary instead
of equivalent?

There are two ways the bulk and vacuum models doelidomplimentary:

1. By making the total energy the sumE@FA andEPWS However, this approach requires a new correction o
corrections to make it work and the parameters eg:@tthe new correction don’t make sense.

2. By making the total energypFa and the vacuum portidepFA —EPWS  With this approach forces from the bulk
(PWS) model cancel out.

The second method is the preferred way to make (RWS) and vacuum models complimentary.

For the case of normal forces and the PFA, the abfonces are already equal and opposite. PW Spatstuces equal
and opposite forces, so differences in the mageitfchormal forces are trivially zero. Howevern, fioe extended PFA
asymmetric normal forces are possible.
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Fig. 14a — Complementary normal forces with exter@EA

Fvacuumz2 -
(Fextpraz - Fpws) - (Fextrra1 - Fpws)
FextPraz -
AF expected = AFextpra (1 - Corrections)

FVacuuml

FextPFa1

> Fvacuunl

= AFextPFA

As can be seen in Fig. 14a, all asymmetry is corfriorg the vacuum portion.

In the case of lateral forces the PFA allows asytmm#orces, PWS does not. Fig. 14b shows howPthA and PWS
forces could be complementary when the PFA is tine af PWS and a purely vacuum component.

( A o A
Fews g / ------- Feraz > Frws
] Frws | "]
r' s
1N} (
a
F -Fpws Frraw
PFA2 < o1 > Fvacuum
—-05 -04 -03 -02 -01 o o1 02 o3 04 (1) o6 o7 os o9 1
> FVacuunZ "EPFAI <
Fprraz Fvacuum2 + Fpws
Frra1 = Fvacuum1 - Fpws
\ Frpraz + FrPrar = Fvacuumz + Fvacuum1 = ZFpra \

ZF expected = ZFpra (1 - Corrections)

Fig. 14b — Complementary lateral forces with PFA
As can be seen in Fig. 14b, all asymmetric forcecaming from the vacuum portion of the PFA.

7. Conceptual experimentstesting asymmetric forces

7.1 — The typical experiment done today

Typically, experiments are set up to measure foocesne plate or the other, but not both platekeasame time. In
most cases one plate is a sphere and the othargdte. Two flat plates are generally not usechlise of the great
difficulty at maintaining parallelism at the reqitésaccuracy. There is no issue of parallelismmbee plate has a

spherical surface [10].

Force is measured on

either the sphere or the

flat plate, but not both

Fig. 15 - A typical experimental setup

Cross section of sphere

I Separation distanee

Cross section of flat plate

Conductor used is typically gold

Experiments that have been done to date impliatsume the Casimir forces are equal and oppdEitey are not
capable of measuring asymmetric forces.
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7.2 — A test of the PFA prediction of asymmetriera forces for sinusoidal half wavelength wedge

In order to measure asymmetric forces, both plaiest be constrained so as to not move relativeéoamother as
depicted in Fig. 16. Parallel plate “wings” haveeh added on to the half sine wave componentsanmate. As
shown in Fig. 9, the “wings” make the experimemtaparatus less sensitive to lateral positionintpeftop plate over
the bottom.

The parameters in the diagram and their suggestee@w are as follows:

L* = Corrugation wavelength: 1j2n, A* = Corrugation amplitude: .059m, z,* = Parametric distance between plates:

0.233um andY = Plate widths: 1 cm. The values of the dimensioith asterisk are those used in the Chen, Mohidee
experiment.

Non-conducting material

i: L/2 ol

| L Diagram obviously not to scale
| A
£y

Measure of wedget |’

separatio_ . _._. O ...
_l_ Casimir cavih

w ~ | d Conductor thickness
| O Direction of asymmetric force - to
:> atomic force microscope

Fig. 16 -Testing PFA prediction of asymmetric lateral forémssinusoidal half wavelength wedge

For a single half wavelength times 1 cm width, ¢hisran expected lateral force about 2 to 34 tgnes. If it were to
be assumed that the cavity depicted in Fig. 16 wele repeated multiple times — about 5,000 times1 cm length
plate — it might be possible to expect from 1 ® dynes for the entire system. Such a system waatitieed an atomic
force microscope to measure the forces.

8. Conclusions and implications
8.1 Conclusions

Conclusions are summarized in Table 3. The exefd is herein included, even though it was jussarily
mentioned, for completeness.

Characteristics PFA Extended PFA PWS

Premised On Vacuum field: Vacuum field: Bulk matte

Asymmetric normal forces No Yes No

Asymmetric lateral forces Yes Yes No

Force/unit area consistent with Yes Not tested Not applicable

radiation pressure?

Becomes classical case for Yes Yes No - requires normalization
parallel plates or calibration

Bulk & vacuum views PFA & Extended PFA are vector sums of vacuum arkl (RWS)
complementary? component

Table 3 — Summary of conclusions from consideratibRFA predictions of lateral asymmetric forcesHalf wavelength wedge
8.2 Scientific implications

« Scientific calculations showing equivalence ofikand vacuum models have not been done for noalpbplates (to
author’s best reckoning). Assertion of equivaleisdeased upon belief.

« Experiments to detect asymmetric forces havéoaenh performed (also to the author’s best reckQning

» Detection of asymmetric forces would disproveiealence between vacuum and bulk views of Casififiace Non-
detection would not prove the converse however.
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« Detection of asymmetric macroscopic forces waddd scientists back to the drawing board regarehpgnsion of
the universe and why such expansion has not riffpedniverse apart.

« If asymmetric forces are detected, they could/jg®@a new probe into quantum vacuum.

« Caveat - calculations shown were engineeringsoi@ntific calculations. However the engineeringagate (PFA)
CLEARLY shows asymmetric lateral forces resulttfoe laterally asymmetric half wavelength wedge e PirA is
still being used to gauge experiments and the petesiused were those used in a classic experiment.

8.3 Technological implications

The best way to assess the technological implicatdd the putative asymmetric forces predictedneyRFA for half
wavelength wedges is to do a back of the envelafmilation for the force that could be producedrfral cm X 1 cm
X 1cm volume making appropriate assumptions. Cwmasigely assume for example that there are betvag@®0 and
10,000 cavities per 1 cm length and 10,000 layerslpem height. Further assume that the 8 eolume has a density
approximately that of water and each cavity of bakf wavelength times 1 cm width produces a forfc2 » 10* dynes
to 3 x 10* dynes. Then the cubic centimeter cube would predhe following:

Lateral force / ¢ = between 10,000 dynes / 8rand 30,000 dynes/cin
Intrinsic acceleration = (Lateral force / 8 (density = 1 g / c®) = between 10gand 30 g
Implied Mass Fractions: 1 part propulsion mass to 59 parts vehicle and payload mass

Such mass fractions are more like that of an aigpthan a rocket. Moreover the constant acceterasimultaneously
solve the problems of weightlessness for astrorenddong interplanetary travel times with impli@diation exposure.
Intrinsic accelerations on the high end would mpdéssible the first practical flying car.

Of course all of these implications depend uporRRA predictions being real.

It has been shown that the proximity force appr@tion predicts anomalous asymmetric lateral fofoeasymmetric
lateral geometries and that the forces per unie@eea calculated with the proximity force appnaaiion are consistent
with a radiation pressure. Further, it has beengibdy shown that the bulk and vacuum models caaxist if they are
complementary instead of equivalent.

It has not been shown that Casimir plates with asgiric lateral geometries actually produce asymimédrces. The
predicted asymmetric forces may be a result ofrtifaet of the proximity force approximation itselAnd, it still might
be true that the bulk and vacuum models are ecntal

Non-the-less the proximity force approximation peéidns should stimulate curiosity to examine tlosgibility of
asymmetric forces in more detail.
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