Effect of temperature variations on equilibrium distances
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We study at thermal equilibrium the effect of temperature deviations around room temperature on the equi-
librium distance (deq) at which thin films made of Teflon, silica or polystyrene immersed in glycerol levitate
over a silicon substrate due to the balance of Casimir, gravity, and buoyancy forces. We find that the equi-
librium nature (stable or unstable) of d., is preserved under temperature changes, and provide simple rules
to predict whether the new equilibrium position will occur closer or further from the substrate at the new

temperature. These rules depend on the static permittivities of all materials comprised in the system (g

(m))

and the equilibrium nature of d.,. Our designed dielectric configuration is excellent for experimental obser-
vation of thermal effects on the Casimir force indirectly detected through the tunable equilibrium distances
(with slab thickness and material properties) in levitation mode.

I. INTRODUCTION

After the Casimir force was first predicted by H.
Casimir as an attractive force between two ideal metallic
plates at zero temperature due to vacuum fluctuations?,
one of the most striking results that followed was the pre-
diction by E. Lifshitz of a repulsive force arising between
bodies of arbitrary shape and dissimilar optical proper-
ties separated by a fluid medium at any temperature®?>.
Since then, numerous studies considering different ge-
ometries and materials have been performed with the
aim of controlling the repulsive nature and intensity of
the Casimir force at*'® or out of'® thermal equilib-
rium, with potential technological applications to min-
imize stiction, friction or adhesion in nano and mi-
croscale devices!” 2!, Additionally, several works consid-
ering plane-parallel systems containing metallic?? 26, or
ferromagnetic?” materials as well as magneto-dielectric
metamaterials?® have also demonstrated that it is pos-
sible to alter the nature and intensity of the Casimir
force by modifying the temperature. In the same con-
text, theoretical predictions have shown that gravity and
repulsive Casimir forces acting in plane-parallel dielectric
structures can be fine-tuned and balanced at room tem-
perature giving rise to levitation phenomena?%:3%, Tem-
perature may affect the equilibrium position at which the
dielectric films levitate in two ways: on the one hand,
the contribution of thermal modes to the Casimir force
at (and around) room temperature becomes significant
when dielectric materials and separation distances > 100
nm are considered®!3? (in contrast to metallic plates
for which this contribution is assumed to be negligible).
These thermal modes?3334 are related to lengthscales
Ar = kh—cT /A~ 7-8 pm at room temperature, with ¢ the
speed of light, T' the temperature, and kg and h, the
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Boltzmann and the reduced Planck’s constant, respec-
tively. On the other hand, the density of the fluid me-
diating the interaction may be slightly altered with tem-
perature, and so, the balance of Casimir, gravity, and
buoyancy forces may occur at a different separation dis-
tance bringing the system into a new equilibrium state
at the new temperature. Uncontrolled deviations of the
equilibrium position of suspended films due to temper-
ature variations may be detrimental for the proper op-
eration of nano and micro-devices in which these films
may be incorporated3®38. Therefore, a detailed analysis
of the effect of temperature variations on the equilibrium
position of suspended films in levitating plane-parallel
configurations is desired.

Here, we analyze theoretically the effect of tempera-
ture variations on the equilibrium distance (deq) at which
thin films leyitate over a substrate due to the balance of
Casimir (F¢), gravity (Fg), and buoyancy (Fg) forces.
We consider plane-parallel structures that have already
been shown to display levitation at thermal equilibrium3®
that comprise dielectric materials, for which temperature
effects are expected to be much larger than for metals3®.
In contrast to other approaches in which a system in hor-
izontal arrangement is brought to a certain equilibrium
position by an external harmonic-oscillator force acting
on the system in addition to the Casimir force3?4%, in our
setup thermal effects can be analyzed through the influ-
ence of gravity and buoyancy forces in vertical arrange-
ment by evaluating the equilibrium distances at which
thin dielectric films levitate over a substrate at different
temperatures. In particular, we analyze free-standing
thin films made of Teflon, silica (SiO3), or polystyrene
(PS), immersed in glycerol suspended over a silicon sub-
strate, yielding short (< 100 nm) or large (> 600 nm) d,
values depending on the selected material. Our choice of
materials is not arbitrary: we consider dielectrics whose
optical properties have been extensively studied in litera-
ture and do not change with temperature, that are chem-
ically stable when combined together, that can be easily
implemented for experimental realization, and with den-
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FIG. 1. Schematics of a plane-parallel system consisting on a

thin film (of thickness di) fully immersed in a fluid standing

over a semi-infinite substrate. The balance of Casimir (F¢),
— —

gravity (Fy) and buoyancy (Fs) forces acting on the system

gives rise to levitation at a certain, stable (a) or unstable (b),

equilibrium distance (deq).

sities such that gravity and buoyancy forces can balance
the Casimir force at a given separation distance. We
find that the stability nature of d., is preserved under
temperature changes, and that the effect of temperature
variations on the Casimir force, and thus on dq, is dom-
inated by transverse-magnetic modes at zero frequency.
We provide simple rules to predict whether the equilib-
rium position takes place closer or further from the sub-
strate at the new temperature that depend on the static
permittivity contrast of the materials involved, as well as
on the stability nature of d.q,.

A schematic of the plane-parallel structure under study
is shown in Fig. 1. It consists on a free-standing thin
film (of thickness d;) immersed in a fluid facing a semi-
infinite substrate. The separation distance between the
thin film and, the gubstrate at which the total force
(Ff = }% + }7) + F_’g) cancels, defines d.q. The two pos-
sible scenarios of the forces acting on the system, which
determine the stability nature of d.q, are presented in
panels (a) and (b). In panel (a) a repulsive Casimir force
(Fe > 0) is acting on the planar arrangement and it
dominates at short separation distances (dy), providing
stable deq, when the total force is canceled. This means
that any slight deviation from the equilibrium position
will lead to forces pointing to that stable location. In
panel (b) an attractive Casimir force (Fo < 0) dominat-
ing at short separation distances is contemplated, giving

rise to unstable equilibrium positions that will cause that
the film will float or sink if it deviates from dc,.

Il.  THEORETICAL FORMALISM

In order to determine the equilibrium distance at which
free-standing thin films immersed in a fluid levitate over
a substrate, it is necessary to compute the total force
acting on the system, and find the separation distance at
which FT(dO =d.) = 0.

In our model, the plane-parallel system is represented
as a multilayer structure in which each layer is made of
a material m32. The material mediating the interaction,
in this case a fluid, is denoted by m = 0. Positive and
negative m values stand for materials above and below
the fluid, correspondingly. Thus, m = +1, m = +2 and
m = -1 accounts for the free-standing film, the fluid over
it, and the substrate, respectively. The thickness of each
layer is indicated by d,,

For gravity and buoyancy forces we take F + FB =
(szlm - pfluzd) g- dla with g = 9.81 In/S ) and P the
density of either the film or the fluid. Please note that
all forces are expressed per unit area.

The Casimir force in plane-parallel systems explicitly
depends on dy and T, and it can be expressed as a sum
of two components:

Fo(do, T) = Z FE5°(do, T)+

=[TE,TM]

Z Fn>0(d0,T)

j=[TE,TM]
(1)

where n describes the discrete and infinite Matsubara
frequencies, &, = 2L .y with n = 0, 1, 2,... The
two components defining the Casimir force account for
zero frequency (n = 0) and positive frequency (n > 0)
modes of the transverse magnetic (j = TM) and trans-
verse electric (j = TE) fields, whose corresponding ex-

pressmns are32

_ kgT [ e2kLdo -
F(TJL;O (do,T) = _f_ﬂ_ 0 ki dk 1 [W - 1]
(2)
n>0 (do,T) = kBTZ/ k(O)ku_ dk
o2k do -1
X R§-+) ~R§7) 11 (3)

Note the % factor in Eq.(2). In the above equations, A
is the wavevector perpendicular to the plane of the sur-
faces of the fluid medium (m = 0), and k, is in turn, the
projection of the wave-vector over the plane perpendicu-

lar to kY. The multiple Fresnel coefficients Rgi)(n, ki)



that express the reflectance on either the top (4) or the
bottom (—) surface of the fluid, are expressed as:

e (il,iQ) ok dy,
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with 7; the simple Fresnel coefficients at the inter-

face between materials m and m’, and E™ the wavevec-

tor in the corresponding layer. For TM and TE polariza-

tions the corresponding T§m’m

) definitions read:
(m )k(m) (m)k(m')

En n

T(TM )(n k)=

(7n )k(’m) s:n) kr(zm/)

(6)
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where ™ and u£,?”) are the material permittivity and

permeability, respectively, evaluated at Matsubara fre-
quencies. The wavevector k,&m) is defined as:

1/2
Em) — | g2 (m)g 7
n - 1 + €n 2 ( )

and the permittivity E%m) takes the form:

) 2 [ we(w)

being " (w) the imaginary part of the dielectric function
of material m at w frequencies, ¢ = &'(w) + ie” (w).
Specifically, in our studies non-magnetic materials are
considered, so ™ = 1241, In addition, as the dielec-
tric slabs are assumed to be fully immersed in a fluid,
m = +2 accounts for the same fluid as m = 0, so we
can take r;(+1,42) = —r;(0,+1). Finally, both a semi-
infinite fluid above the suspended thin film and silicon
substrate are considered, i.e., dy2,d_; — 00, rendering
the simplification of the multiple Fresnel coefficient of
the bottom surface to R( ) = 7 %= Tn our calcula-
tions, the density of the materlals at room temperature
takes the values: prefion = 2200 kg/m?, psio, = 2650
kg/m?, pps = 1050 kg/m?3 and pgiyceror = 1256 kg/m3.
Although the density of glycerol, which is the medium
mediating the interaction, varies with 7" and thus af-
fects F'g when the temperature is modified, these vari-
ations might be assumed to be negligible as the density
of glycerol within the temperature range here considered
hardly changes 0.7 %. Therefore, despite the fact that
in our calculations proper pgiyceror values will be taken
at each temperature, VaI‘lathIlb of d., with temperature

will be mainly dictated by FC In addition, in our calcu-
lations we have not taken into account the posmble effect
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FIG. 2. Total force (per unit area) as a function of the sepa-
ration distance (dop) between a thin film of 100 nm thickness
(d1) made of Teflon, silica (SiO2) or polystyrene (PS) (green,
orange, and blue lines, correspondingly) immersed in glyc-
erol facing a silicon substrate at 300 K of temperature (7).
Values of d.q are respectively: 190 nm, 60 nm and 667 nm.
Solid and dashed lines stand for systems of stable or unstable
equilibrium positions, respectively.

of Casimir-Polder interactions at intermolecular separa-
tions between glycerol molecules and solid interfaces, as
their impact in the determined levitation distances is es-
timated to be minor.4?:43

Il.  RESULTS AND DISCUSSION

Figure 2 shows the total force (per unit area) as a func-
tion of dy acting on a system comprising Teflon (green
line), SiOq (orange line) or PS (blue line) slabs of dy
= 100 nm, a thickness chosen according to feasible ex-
perimental realization, immersed in glycerol facing a sil-
icon substrate. At room temperature (7" = 300 K) and
at thermal equilibrium, the predicted d., values are 190
nm, 60 nm, and 667 nm for the three materials, respec-
tively. Stable d., positions are found for Teflon and SiOa,
whereas for PS films, d., is unstable. The different sta-
bility nature of the equilibrium positions attained are de-
fined by the optical properties of the materials3®. Taking
these systems as reference, in what follows we will analyze
the stability and variations of the equilibrium positions
under temperature changes around room temperature.

Top panels in Fig. 3 show Fr acting on the same three
planar systems analyzed in Fig. 2, as a function of djy
and at several temperatures at thermal equilibrium. In
all cases the trend of F with dj is preserved when tem-
perature changes, attaining stable positions for Teflon
and SiO, films, and unstable ones for PS slabs at ther-
mal equilibrium. This means that for the plane-parallel
arrangements here considered, the stability of the equilib-
rium position is not affected by temperature variations.
Calculations of the Casimir force as a function of dy for
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FIG. 3. (a),(b),(c) Total force (per unit area) as a function of the separation distance (dp) between a thin film of 100 nm
thickness (d1) made of Teflon, SiO2, or PS, respectively, immersed in glycerol facing a silicon substrate at different temperature
around room temperature (7" = 293, 298, 303, 308 K). At each temperature pgiyceror takes the alues pgiyceror = 1261, 1258, 1255
and 1252 kg/m?. (d),(e),(f) Equilibrium distances obtained in corresponding top panel as a function of temperature. Solid and
dashed lines stand for systems of stable or unstable equilibrium positions, respectively.

several temperatures are shown in Fig. S1 in the Sup-
plemental Material**. In addition, we can see that in all
cases the total force is altered with temperature varia-
tions. Specifically, as temperature rises 5 °C, equidistant
curves are attained, shifting horizontally a constant in-
crement. Note that the scale of Fr in Fig. 3(c) is 100
times smaller than in panels (a) and (b), therefore the

variation of F; with T for the PS system is much smaller
than for structures incorporating Teflon or SiO5 materi-
als. Bottom panels in Fig. 3 display the collected equi-
librium distances obtained in corresponding top panels
at different temperatures. We find that in configurations
containing Teflon and SiOj films d., decreases when T
increases, with the smallest variations attained for SiOq
films. PS films, in contrast, get away from the substrate
as temperature rises, covering the largest d., range de-
spite this system presents the smallest variations of F_’T>
with T' (Fig. 3(c)). Therefore, changes of d., with T
are related not only to the temperature dependence of
qu, but also to the variation of Fr with the separation
distance near deq, and the stability nature of d.q, which
is provided by the trend of F; as a function of dj that
specifically depends on the optical properties of the ma-
terials considered®’.

To explain the approach or distance of the dielectric
slabs to the substrate due to thermal effects, we first as-

sume that the contribution of F—‘B> to the variations of
the total force with temperature can be neglected, since
the density of glycerol hardly changes 0.7 % within the
temperature range here considered. Therefore, we can
accept that the main effect of temperature variations
to the total force comes from the Casimir force, i.e.,
Or ~ %f¢. Secondly, we analyze the different F
contributions in Eqgs. (2) and (3) defining the Casimir
force under temperature changes. This kind of analysis
has revealed that the FZ7% modes control the nature
of the Casimir force in plalne—parallel systems containin
magnetic plates®58, or that the main contribution to F¢

between graphene sheets comes from the F¢i7, modes

at room temperature45.

To identify the effect of temperature changes in
the F¢ ; contributions, the separation distance is fixed
whereas temperature is varied around room temperature.
As a representative structure showing large variations
of I—’; with T, we analyze a SiOs film of d; = 100 nm
thickness suspended at dy = 60 nm at room temperature
immersed on glycerol. Notice that in this specific case
do = deq, but it is not a necessary request for the anal-
ysis of the temperature dependence of the Casimir force
here performed. Panel (a) in Figure 4 shows the F
contributions as a function of temperature. Full sym-
bols denote zero-frequency modes (n = 0), and empty
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FIG. 4. F¢ ; contributions to the Casimir force as a function
of temperature for a system consisting on a SiO2 thin film
of 100 nm, immersed in a fluid over a silicon substrate at do
= 60 nm for 7" = 300 K. Panel (a) corresponds to glycerol
and panel (b) to ethanol as the mediating fluid. Transverse
electric (TE) and transverse magnetic (TM) modes are dis-
played with square and triangle symbols, respectively. Zero
frequency and non-zero frequency modes are shown with full
and empty symbols, accordingly.

symbols positive frequencies (n > 0). Squares account
for TE contributions, and triangles for TM ones. As ex-
pected F7y = 0, as it has been assumed that pm =
1 for all dielectric materials here considered, and so, Eq.
(6) becomes zero. In addition, when all contributions
are compared at a given temperature we observe that
the largest contributions come from F¢77, modes, as it
was the case of graphene sheets at room temperature®?.
Most importantly, in panel (a) the largest variations of
F¢ ; with temperature are found for F, gTOM contribu-
tions, while the other components remain almost unal-
. 6F8,>T(1M BFSZ"OE 8I‘ﬂg,:TOE ~ n=0

tered, i.e., —57, =57, —57 ~ 0. The same F@7),
dominance at finite temperature, and large variations

of FA7%, with temperature are found for systems with
Teflon or PS thin films embedded in glycerol, as it is
shown in Fig. S2 in the Supplemental Material**. We
also analyzed the same dielectric thin films immersed in
ethanol or water instead of glycerol. Except for Teflon
films in ethanol, the other sets of materials do not give
rise to levitation. Panel (b) in Fig. 4 shows results at-
tained for a silica film immersed in ethanol. We find
that FC 73 modes are no longer the dominant ones, and

instead, FC7T v provides the largest contribution to the
Casimir force. In this case an attractive Casimir force
together with gravity is always larger than the buoyancy
force at all separation distances, preventing levitation.
In these systems immersed in ethanol or water deprived
of levitation, the FC T contribution also changes sig-
n1ﬁcantly with temperature. However, in some cases, the
Fg 7 component changes in such a way that it counter-

. . OFS T OFEZ
acts the Fi7), variations, that is, —57* ~ ——52

impeding a simple prediction of the temperature effect
in deg in those systems (results shown in Fig. S3, S4,
and S5 in the Supplemental Material?*). Therefore, in
what follows, we will focus our analysis on the effect of
temperature variations just in systems for which we can
approximate:

oFc OFETs )
or —  oT
For TM polarization, Eq. (2) reads:
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in which the multiple (R%\Z) and simple (r(ﬁ\z[) Fresnel
coefficients for n = 0 take the form:
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Equation (10) reveals that Fg:TOM is linearly dependent
on temperature and proportional to a function that de-
fines the sensitivity of the Casimir force to temperature
changes, 'y(do,dl,agm)). This function accounts for the
reach of the Casimir interaction through the separation
distance (dp) and the thickness of the thin film (dy). It
also depends on the optical properties of the materials,

specifically, on the static permittivity of all objects in the

system (sgm)). Figure S6 in the Supplemental Material**

shows results of vy(do, d1, gf{”)) as a function of dy, for dif-
ferent separation distances dy are shown for Teflon, SiOs,
and PS in. We find that the largest ~(do, d1,={"™) values
are attained for very thin films of high dielectric contrast
at short separation distances.

Next, in order to determine whether the new equilib-
rium position will take place closer or further from the
substrate due to temperature variations, we first assume
that the total force depends linearly with dy around d.g,
so for a given temperature T, we can write:

Fr(do, Tv) ~ G5E a., - do + (do — deg)

(15)
with dF B the slope of the line. In addition, since parallel
and equldlstant curves are attained as temperature varies

(top panels in Fig. 3), for a different temperature To
(with To > Ty or Ty < Ty) we take

Fr(do, Tb) ~ L do+ ((do — deg) + £

deg - AT)

ddo

(16)

We define déq) and déq) as the distances at which
Fr(dY, 1) = 0 and Fp(d2), o) = 0, correspondingly.
Recalling that temperature variations of the total force
can be approximated to be produced just by Casimir
force variations, i.e., %’;T ~ 8;;9 , and that parallel curves
. . _ 9F
have been attained, i.e., 8d0 |d§1) = Tdf‘dﬁ}’
tion of the equilibrium distance Ad.q with temperature
can be written as:

the varia-

(%) la., - AT

_ 4@ g0~
Adey = d? — d: <8FT) | (17)
ddo deg
Combining together Egs.(9), (10), and (17), we have:

0
(8Fc) la.. - AT (Lc TM) \deq AT
Adeg = — ? R —

8FT 8F‘T
( ado ) dﬁq ( ado )
(deq,dhso ) AT
OFT
(%%)
In the above expression, the sign of y(deq, d1, E(()m)) and
BF Ga- (that defines the stability nature of dc, at a given

deq

(18)

deq

temperature), will determine whether the new equilib-
rium position will take place closer (Ade, < 0) or further
(Adeq > 0) from the substrate with T variations. The

sign of y(deq, d1, E(()m)
) pl=) . (£)

nator Ry, - Ry in Eq. (10), since |Ry;| < 1, and the

exponential is always > 1.

) is in turn defined by the denomi-

which relies upon the contrast between 5ém) of all
materials involved in the levitating system (Eqs. (13)
and (14)). For our systems, the fluid-slab interface is

the only one modified while the fluid-substrate one is
kept the same. Correspondmg E( ™) values are: ETef fon
= 2.1, 5" = 3.7, &% = 245, """ = 424 and
58”’“’" =11.74. In general in a plane parallel structure
displaying levitation dominated by zero-frequency TM
modes, if the static permittivities of all materials fulfill
> 5(0) > 6( b or
0 0

, the sign of the denominator is neg-

any of the following inequations: 5
5(()1) < 5(0) < E(() 2
ative and therefore the sign of the v(deq, dl,sém)) func-
tion. If deq is stable (aFT la., < 0) at a given temper-
ature, Adeg > 0 as temperature rises, and so the sys-
tem reaches the equilibrium position further away from
the substrate. In the opposite case if d., is unstable
(B > 0), the system will find the equilibrium state
closer to the substrate. On the other hand, if the static
permittivities of all materials in a plane- parallel system
do not fulfill any of the above inequations, the sign of

v(deq,dl,aém)) function is positive and so d., will be-
come shorter with T for stable equilibrium positions, or
larger for unstable ones. These two scenarios correspond
to Teflon and SiOs films in Fig. 3 (d) and (e), for which
closer equilibrium positions are found as T rises, and PS
thin films in Fig. 3 (f), where d, increases with tempera-
ture, accordingly. In Table I we gather and summarize all
the possible E(()m) combinations, the stability of d.q, and
the prediction of Ad., with T'. Note that for predicting
the behavior of deq, with T' changes, all that needs to be
known is the stability of d., at a given temperature, and
sém) of all materials in the system. This analysis is only
possible because in the systems under study the effect
of temperature variations on the Casimir force is domi-
nated by zero-frequency TM modes. Therefore, we could
say that the effect of temperature variations on the equi-
librium distance in systems displaying levitation rely on
intrinsic properties of the materials comprising the sys-
tem. This is of utmost importance, since some of the
proposed routes to fine tune the Casimir force entail the
design of the material optical properties of the system!'*
by either modifying the dielectric function at certain fre-
quency ranges while maintaining the static permittivity
by means of photonic crystals*®, or by modifying the di-
electric function including the static permittivity upon
crystallization*”, for instance. According to our results,
the use of photonic crystals operating in the UV-VIS-
IR range would not have an influence on the equilibrium
position under temperature variations, while the crystal-



s(()l) > E[()O) > 6871) s(()l) < E(()O) < séfl) deq Stability | deq(T')
yes no stable increase
no yes stable increase
yes no unstable |decrease
no yes unstable |decrease
no no stable decrease
no no unstable |increase

TABLE I. Possible sém) relations of all materials comprised in
a system that, together with the stability nature of d.q, pro-
vide information of whether at the new temperature, the new
equilibrium state occurs closer to (de, decreases) or further
from (deq increases) the substrate. These results are valid
only as long as the temperature dependence of the system is
dominated by the F&:TOM contribution.

lization approach would bring the suspended film to a
different equilibrium state, as long as zero-frequency TM
modes dominate the contribution to the Casimir force.
The quantification of the deviation from the equilib-
rium position of suspended films due to temperature vari-
ations depends on the interplay between y(dcq, d1, sém))
and %%, and for this, the full calculation of %% is

needed. In any case, an examination of Eq. (18) indicates
that for systems with %% — oo slope, unmodified equi-
librium distances are predicted (Ade, =~ 0), whereas in
the opposite limiting case, for %% — 0, the equilibrium
position of the levitating film will be strongly modified.
These two limiting situations would correspond to SiO9
films for which large values of 88% are observed in Fig. 3
(b), and almost the same d., are obtained irrespective of
the temperature considered (Fig. 3 (e)), whereas for PS
films almost zero slope lines are found (Fig. 3 (c) and
(f)) and so, the largest d.q range is obtained.

IV. CONCLUSION

We have performed a theoretical analysis of the effect
of temperature variations of suspended free-standing thin
films in dielectric plane-parallel arrangements under the
influence of Casimir, gravity and buoyancy forces at ther-
mal equilibrium. In particular, thin films made up of
Teflon, SiO4, or PS immersed in glycerol facing a silicon
substrate are considered. For all temperatures evaluated,
we find that the trend of the total force acting on the sys-
tem is kept as the separation distance varies, and so the
stability nature of the equilibrium distances under tem-
perature changes is preserved. In addition, the effect of
temperature variations on the total force acting on the
systems is dominated by the transverse-magnetic modes
at zero-frequency defining the Casimir force which de-
pends upon intrinsic dielectric properties of the system.
We provide simple rules to predict whether the new equi-
librium position takes place closer or further from the
substrate in levitating arrangements at a different tem-

perature, what can be inferred from the stability nature
of the equilibrium state and the static permittivites of
all materials comprising the system. Our results serve
as a guide for designing planar arrangements in levita-
tion mode to be incorporated in nano and micro-devices
in which the equilibrium distance can be fine-tuned with
temperature simply attending to the materials static per-
mittivities contrast, or for observing the dynamic Casimir
effect as the dielectric slab reaches the new equilibrium
position at a different temperature.
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