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Electromagnetic Field Correlators, Maxwell Stress Tensor,
and the Casimir Effect for Parallel Walls

F. C. Santos, J. J. Passos Sobrinho, and A. C. Tort
Instituto de Fsica, Universidade Federal do Rio de Janeiro,
Cidade Universitria - Ilha do Fundio - Caixa Postal 68528, 21945-970 Rio de Janeiro RJ, Brazil
Received on 23 May, 2005

We evaluate the quantum electromagnetic field correlators associated with the electromagnetic vacuum dis-
torted by the presence of two plane parallel conducting walls and in the presence of a conducting wall parallel
to a perfectly magnetically permeable one. Regularization is performed through the generalized zeta funtion
technique. Results are applied to rederive the atractive and repulsive Casimir effect through Maxwell stress
tensor. Surface divergences are shown to cancel out when stresses on both sides of the material surface are taken
into account.

I. INTRODUCTION the vacuum distortions caused by the presence of these we
through the quantized version of the Maxwell stress tensc

According to Casimir [1], the (macroscopically) observable Though the approach chosen here has many points in comr
vacuum energy of a quantum field is the regularized differencaith Ref. [7] cited above and Green functions techniques [8
between the zero point energies with and without the externd} is a different alternative in the sense that it relies on object
conditions demanded by the particular physical situation aknown as correlators, which are regularized vacuum expe
hand. In the case of the quantized electromagnetic field corfation values of products of the electromagnetic field compc
fined between two infinite parallel conducting walls separatedi€nts taken at the same point of space and for equal tim:
by a distances, Casimir's conception of the vacuum energy These correlators contain all the information we need abo

leads to a force per unit area between the walls given by  the local behavior of the vacuum expectation values of el
ments of Maxwell stress tensor, in particular, their behavic

F_ mc B near both sides of the material surface in question, a featu

A 240a% crucial to the obtention of the correct result. The local beha

. . ) . o o ior of the Maxwell tensor, or of the relativistic symmetrical
Until 1997 only one experiment involving Casimir’s original stress-energy tensor, is extremely important because as she
setup had been performed [2]. Lately, however, the experpy for example, Deutsch and Candelas [9] with the help ¢
imental observation of this tiny force with metallic surfaces Green functions techniques, as we approach the boundar
was significantly improved by a series of new experiment§ye fing strong divergencies that cannot be simply removed |
due to Lamoreaux, Mohideen and Roy, and Mohideen [3],sya| renormalization procedures. Besides reviewing the o
The concept of an observable vacuum energy can be extendgghion of the electromagnetic Casimir for the standard case
to all quantum fields and several types of boundary condiyyg perfectly conducting parallel walls, we will also considel
tions and/or applied external fields. An updated review of ally pair of parallel walls, one of them perfectly permeable. Thi
these Casimir effects can be found in the monograph by BorSetup was first proposed by Boyer [10] who analyzed thet
dag, Mohideen, and Mostepananko [4], but see also, Mostepgom the viewpoint of random electrodymanics and it is the

nenko and Trunov, and Pluniet al. [S]. simplest example of a repulsive Casimir force. For both case

The local approach to the electromagnetic Casimir effecthe conducting plate and Boyer’s setup we also construct t
was initiated by Brown and Maclay who calculated the renory ymetrical stress tensor. We will employ Gaussian units ar
malized stress energy tensor between two parallel perfectlyaic — ; — 1.

conducting plates by means of Green functions techniques

[6]. An interesting approach to the standard Casimir effect

is the one due to Gonzales [7]. Analyzing the vacuum oscil-

lations of the electromagnetic field confined by two parallel Il. MAXWELL STRESS TENSOR AND THE

slabs separated by a gap of sgeGonzales pointed out that ELECTROMAGNETIC FIELD CORRELATORS

the apparently non-objectionable definition of the vacuum en-

ergy given above could easily lead to conceptual errors and Our aim in this section is to obtain an expression for the

stressed the fact that in any Casimir interaction calculationgquantum version of the electromagnetic force per unit are

contributions frombothsides of the material surfaces involved that acts on plane material wall. Material wall here means

must be taken into account. This is so because the vacuuperfectly conducting square surfage¢ «) or a perfectly per-

pressure always pushes the material surfaces involved, thermeable onel(— o) whose linear dimensionis much larger

fore, the repulsiveness or atractiveness of the Casimir forcthan others relevant dimensions envolved such as the distat

depends on the discontinuity of the relevant component of thbetween two of those walls. The physical interaction betwee

guantized Maxwell stress tensor at the location of the surfaceany of the two types of walls considered here and the va
The purpose of this paper is to pursue this line of reasonuum electromagnetic field is mimicked by the imposition of

ing by analyzing the stresses on parallel plane walls due tappropriate boundary conditions on the electromagnetic fie
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on the location of the walls. The Cartesian components of théhough not equal, to the ones employed htken e Ravn-
Maxwell stress tensor (in Gaussian units) are given by [11] dal [16]. We will also show how to obtain the corresponding
results for another unusual but intersting setup [13].
1

Tij:E[(EiEj—

1 1
ééijEzﬁ-BiBj—ééijBZ) 2)

Ill. CORRELATORS FOR CASIMIR’S SETUP
wherei, | = X,y,z. Suppose that the material surface is placed
perpendicularly to th&Z axis. Upon quantizing the electro-

- i ) Consider an experimental setup consisting in two infinit
mgg:]iic field we can write the quantum version of (2). I:orperfectly conducting parallel plates {~ «) kept at a fixed

distancea from each other. We will choose the coordinate:
~ 17, . ~ .~ axis in such a way that th@z direction is perpendicular to
(Tzz)g = o [(EZ>O— <E” >0+ (B3)o— <B”>o} , (3) the plates. One of the plates will be placedzat 0 and the
other one az = a. The field must satisfy the following bound-
whereE2 = E2 + E2 andB? = B2 + ég (0), = (0/0|0) de- &y conditions on the plates: the tangential componEnts
I AR ! . : 0 ; of the electric field and the normal compon&stof the
notes a vacuum expectation value. The other Cartesian corly ic fiol he pon h
ponents of this tensor can be obtained in an analogous wa 1agnetic fie d must be ZEro on_t e plates. _Slnce there e
The quantum macroscopic for¢§> on the wall can be eval- NO real charges or currents it will be convenient to work ir
0

ted by int ting th t ; fthe classical ]pe Coulomb gauge in which - A(r,t) = 0, and® = 0O, thus
Flalje y integrating the quantum version of the classica resuE(rvt) — _OA(r.t)/at andB(r 1) = LI x A (r t). These phys-

ical boundary conditions combined with the choice of gaug
VA . L .
F—  T.Ada @) allow us to rewrite the boundary .conquns in terms.of the
R components of the vector potentialr,t) in the following
way: at z= 0 we will have,

weref is the outward normal at the bound@%®_andZ® is any
region containing all or part of the wall. Classically, (4) can
be obtained by integrating the Lorentz force per unit volume A(x,y,0,t) =0;  Ay(x,y,0,t) =0;
acting on charge and current distributions and eliminating the
sources in favor of the fields. From a quantum point of view,
we see that the problem of evaluating the pressure the material EAZ(X y,0,t)=0 (5)
surface due to the distorted zero point oscillations of the elec- oz ©7 ’
tromagnetic field is reduced to the evaluation of the vacuum, 4 oo o
expectation value of the quantum operatgr$r,t) E; (r,t), ’
Bi (r,t)B;(r,t), andE (r,t) Bj (r,t). The evaluation of these
correlators depends on the specific choice of the boundary Adxy,at)=0; Ayxyat)=0;
conditions. A regularization recipe will also be necessary, for
these objects are mathematically ill-defined. For the setup en-
volving conducting plates these correlators were evaluated by
Litken and Ravndal [16], see also [12]. They can be also ob-
tained from the coincidence limit of the photon propagator be- R
tween conducting plates evaluated by Bordagl[17]. Inthe  The vector potential operatdk(r,t) that satisfies the wave
next section we will evaluate and regularize these correlatorequation, the Coulmb gauge and the boundary conditions ¢
by means of analitycal continuation techniques [13] similar,be written as

9
aizAZ(Xa y7 a7t) =0. (6)

Ao = 23 Teenennan( )
n—=
+ a@k,n) {R(L—nasin(%lz) figcos(%z)} }e“"‘p*‘*‘) +hc, (7)

wherek = (ky, ky) andp is the position arrow on th&?” plane. The normal frquencies are given by

T[2
w:w(K,n):\/Kz—i—nZ?, (8)

with k., ky e Renc N-1. The symbolz" indicates that the term correspondingnte= O for normaliztion reasons must be
multiplied by 1/2 . The Fourier coefficientd® (k,n) whereA = 1,2 is the polarization index, are operators in the photo
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ocupation number space and satisfy

(@M (k,n), &) ()| = By BB (k= K) ©)
It is convenient to write the vector potential in the general form
R [ //Z 2 A )
Ar,t) = Z; %y &M (k,mAR (e @My he, (10)
n=| A=1

whereA,(Z}])(r) are the modal functions. The modal functions for each polarization state must obey Helmholtz equation ar

boundary conditions given above. In our case the modal functions are

AY () = %(g)% %)sin(n%z) e KPR x 2, (11)
and
0= 1 (D) o () 2o (T e @

The next step is to evaluate the electric field operéiprt). Recalling thad® (k,n)|0) = 0, we first write the correlators
< Ei(r,t)Ej(r,t))o in the general form

<E(r,DE(r,)o= Y Eia(rEj(r), (13)

where we have introduced the modal functi@ig(r) for the electric field. In our case (11) and (12) yield

<2001 (250) ()i, o

L1

and,

Ei(i)n(r) = I,T[ (CO(Ka,-n) T[>% [Ki a(;r(]:(-[,n) Sil’](n%lz) -7 (A)(I;J‘I) COS(?)] efiK-P’ (15)

respectively. Taking (14) and (15) into (13), we wiiie= cospdix + Sin@dyy, Zi = &j; € (2 x K); = sin@dix — cospdyy, whereis
the azimuthal angle on thE€9” plane and we have performed all angular integrals. In this way we end up with

E(rLDE (D)o = <%> (2)6; ZsinZ('Z'z) ZodeKo.)(K,n)
+ (%) (g) (2)26;] oi:nzsinz (%‘Z) Zodele(K,n)
2 o //

(3@ Fes () wo e 9

n

whereéiH- = Oix0jx + Oydjy € &+ = &,8j;. Equation (16) is a formal expression for the correldf(r,t)E;(r,t))o, since it is
mathematically ill-defined unljess a regularization recipe is prescribed. We will regularize the integrals in (16) with the hq
analytical continuation methods.

Consider, for instance, the first integral on the r.h.s. of (16) and let us rewrite it as follows

z 2 1/2 z 2 1/2—s
© N1 © n°Te
dkK (K2+ T) — dkk <K2+ T) .
0 a 0 a

The first term in (16) can be rewritten as

[ z

T = (%) (g) eZjn;sinz (n%a) OdeK <K2+ riz@) 2737 (17)
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the second as

T = (%) (g) (2)26; inzsin2 (%) ZodeK <K2+ n;[z)—%—S’ (18)
n=
and the third one as
Ts= <%> (g) 5F ico§ (n%z) ZodeK3 (K2+rigz)%s. (19)
n=|

Let us assume théat sis large enough to give precise mathematical meaning to these integrals. After evaluating them and
use of the analytical continuation of the results we will take the Ignit 0. Let us see, for instance, what happens With
Making use of the following representation of Euler beta function [19]

Z
* - M M prov-2
. dxx 1 (2 +02) =5 (2 1-v— 2)c , (20)

whereB(x,y) = (X)I'(y)/I' (x+Y), and that holds fof] (v+ ) < 1and p> 0, we obtain

o 22 1/2—s s _og
a(erir) =3 s moa(a) @

z

0

Taking this result intd; we obtain

—_ (251 3>< >3 253 [ZR(ZS 3 - zna zSCOS(Zr;mﬂ 7 22)

wherelg(z) is the well-known Riemann zeta function. Taking the lisyt- O, we have

1 m 43 12 d®
Tl:_ET( ) 2 {120 sz gea Sin Z"E)] (23)

where we made use of the fact tl{a —3) = 1/120, definedf := 1z/a, and wrote
ncos(2nf) = = o sin(2nf). (24)
8 dE3

The sum on the R.H.S. of (23) can be regularized in many ways. A quick though non-rigorous way is to write

5“ d3 ©
== 31'[( ) 2 [120 gae 2,5 2"5)}» (25)

and express the summand in terms of exponential functions of imaginary argument thereby transforming each one of tt
into the euclidean space. In this way we obtain

i sin(2ng) fll <§ exp(i2n§) — i exp(—iZnE))

n=1 n=1 n=1

= % <§ exp(2nég) — i exp(—ZnE’E)) (26)
n=1 n=1

where we have made the substituti@n— —&g in the first  can be easily performed and the result is
sum and& — &g in the second. Each one of the sums above

Z sin(2ng) = = cot(E) (27)



Brazilian Journal of Physics, vol. 35, no. 3A, September, 2005 661

It follows that Notice that some care must be taken when we aply this pr
i cedure to the third term. This is so because the term corr
1 (1‘[)4 Jjj [ 1 1d¥1 sponding ton = 0 in T3 is not zero. In fact its contribution

-+ (3 1—2()—1—@?23500“5)]- (28) s

T = >
Treating the two other terms in (16) in a similar manner we
obtain 7

Mst “dkk 2 (31)
__lmeAo 1 1d°1 29 °
n=-2(3) 3 [1 0" 8aE 2°°t(z)}’ (29)

and which diverges when the regularization is removed. Howeve

4 (n>4 5# [ 1 1d31 this term is non-physical and can be safely ignored. Finall

120 8dei2 cot(E)] . (30)  collecting all partial results we have

<Ei(rvt)Ej (rt)o = i+To+Ts

m4 2 1
— () 2 (sl — a5
- (a) 3n [( o+ )ij 120+5”F(E)] (32)
The functionF (&) is defined by
L 1dd1
(&)= *é@icm(z% (33)
and its expansion abogt= 0 is given by
3
F(E)~ o8 *+ 125 +0(8). (34)

Near& = 1t (which corresponds ta= a) we make the replacemeft— & — 1. Notice that due to the behavior Bf(§) near
& = 0,3, strong divergences predominate in the behavior of the correlators near the plates.
By applying the exactly the same procedure we obtain the magnetic field correlators

m4 2

(B (0B (D)o = (3) ﬁ[(fa‘uai)” ﬁ)fw(a} . (35)

a

A direct evaluation also shows that the correlatets namic [10] and it is the simplest case of a repulsive Casim
Ei(r,t)B;(r,t))o are zero. effect that can be found in the literature. The boundary cond
tions now arefa) the tangential componeni andEy of the
electric field as well as the normal compon&atof the mag-
IV.  CORRELATORS FOR BOYER'S SETUP netic field must vanish on the surface of the plate-at0; (b)
the tangential components B, e By of the magnetic field as
well as normal conponetid, of the electric field must vanish
The other setup we are interested in is that one in which &n the surface of the plate at a. These boundary conditions
perfectly conducting plate is placedzt 0 and perfectly per-  translated in terms of the components of the vector potenti
meable plate is placed at= a. This setup was analyzed for read
the first time by Boyer in the contetxt of stochastic electrody-

AX(X7 y> O7t) = 0' Ay(X7 y7 07t) = 01 aEZAZ(X7ya O7t) = 07 (36)
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at z=0,and az=a

0
AX(Xa Y, avt) =0; 7Ay(xvya avt) =0; AZ(vaa avt) =0. (37)

9
0z 0z

The appropriate vector potential operaéan,t) is given by [13]

Ar,t) = :[(D%niz %{é(l)(K,n)kxisin[(n+;>T:

xe®P=) 4 he (38)

where as before = (ky,ky) andp is the position vector on th&9” plane. The normal frequencies are given

2
1\“m®
WK,N) =4/K2+(n+= | — 39
=i (n43) o (39)
with ky,ky € R andn € N—1. Notice that contrary to the case of two conducting plates normalization does not require th
multiply the term corresponding to= 0 by 1/2. The electric and magnetic field correlators for Boyer's setup can be evalua
with the same technique employed before [13]. In fact, it is not hard to convince ourselves that it is sufficient to perfor
substitutionn — n+1/2 and follow the same steps as before to obtain
(Bi(r,DEj(r,)o=Ta+T2+Ts, (40)

where, for example
3

_T(s=3)
T = 1
2

sl (= -2s
BOTRE D T

The termsT, e T; show a similar structure. The main difference with respect to the two conducting plate case is that no
have to deal with the Hurwitz zeta functi@n (z, q) which has a series representation given by [19]

withdJz>1,andqg#0,—-1,—-2,..... In our case we must set

Ly (25— 3 ni( )325. (43)

It follows that in the limits — 0 we have
I 3
m4 19 1\ 2 1 1\ =2
Tl_f(g) I CH (3,2>+n_ <n+§> cos<2<n+§> E) . (44)
In the same way we obtain fdp e T; the results
1\ Tz
- 2 . . 45
AEHESAEHE) )

TF_(a>411162{< )
(D) 25 0 (-23)+ 5 () sl (v 3) B) )

8

3

and
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Notice that this time we do not have the divergent contribution correspondimg-t0 as in the case of the conducting plates
Adding the three terms we have

(B(rOE(rt), = (2) {( 5” +85)CH (—&%)

A=)

The numerical valuéy (—3,3) can be obtained from [19]  where as befor& := ziy/a. We can write

B
2 (-ng) = -0, (48) -
(2n+1)3cog[(2n+1)&] = ~3E sin[(2n+1)&]  (52)
wheren € N andBn.1(q) is a Bernoulli polynomial defined
by [19]
and formally we have
Bn(X) = i Mgk (49)
" p:O pl (ni p)' P 7 3
1d° 2 .
whereBy, is a Bernoulli number. The relevant polynomial here G(§) = - gde3 HZOSIn[(ZrH— 1. (53)
is: B
Ba(x) = Xx* — 23 + %% — 30 (50)  writing sin[(2n+ 1) €] in terms of exponentials of imaginary
argument and passing to the euclidean space we obtain a
With B4(1/2) = (7/8) x (1/30), it follows thatZy (—3,3) =  SOme simple manipulations
—(7/8)(1/120). The sum can be regularized with the same
technique employed before. In fact, we can define the function P
G(&) by G(E) = _}7; (54)
8d&3 2sin(€)
© 1\? 1
GE : = n+3 cos|2 n+3 g
1 n; Collecting all partial results we finally obtain for
=3 (2n+1)%cos(2n+1)E], (51) (B (r.t)Ej(r,t)), the result
n=0
|
s m4 2 [ (-8 +84); ]
ECOE D)= (3) 5 <—§>T+6” &)1 (55)
Proceeding in the same way in the evaluatior@lﬁzf(nt) éj (r7t)>0 we obtain
. . m42 [/ 7 (_5“‘*‘&)”' ]
BEOB0)=(3) o (fé) 5o -8 G- (56)
\
Observe that nedy= 0 the functionG (§) behaves as But nearé = ttits behavior is slightly different
3 71 2
G(§) = —5(E—m "+ 5o +0[E-m].  (58)

3.4 71 Again, a direct calculation shows théfi (r,t)éj (rt),=0
G&) =gt - 3 @"‘O(Ez)a (57)  for this case. °
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. e As before the divergent behavior of the correlators near tr
f=2 o= P plates we are interested in is an effect of the distortions of tr
Lo electromagnetic oscillations with respect to a situation whel
the plates are not present. This fact has received the attent

4 z of several authors, see for example [9, 16].
z=0 z=a z=|

V. THE CASIMIR EFFECT FOR CONDUCTING PLATES

FIG. 1: Three-plate setup for the obtention of the Casimir force per [N Order to apply the above results to Casimir's origina

unit area. The plate at= ¢ is auxiliary. setup we consider for convenience threg parallel perfect
conducting plates perpendicular to thes axis az=0,z=a
andz=/.

The quantum version of Maxwell tensor is

o e 1 -2 5 5 1 A2
A(Tij ) = (BiEj)o— 58 (E%)o+ (BiBj)o — 5 8ij (B)q (59)
Making use of the correlator given by (32) we obtain the following partial results

(B2(z)), = (E2(zt), = (2)4% {—l—zow (a)} , (60)

€, (3) 2 | 36+ F )] (61)

also(Ex(zt)Ey(z,1)), = (Ex(zt)Ex(z1)), = (Ey(z,1)E-(zt)), = 0. In the same way, making use of (35) we obtain

(B(20)0= (@00~ (3) 2|12 F®)]. (62

(Bat,=(0) 2 [%fF (a)} , (63)

and also(B,(zt)By(z1)), = (Bx(z.1)B(z1)), = (By(z1)B,(z1)), = 0. The components of the quantum version of Maxwel
tensor can be easily evaluated. For instance

8n(T(zt)), = (EZ(z1))— (EX(z1))y— (EJ(21)),

+<é§(z7t)>o_<é)2((z7t)>o_<é)2/(zvt)>o (64)
performing the necessary substitutions we have
- ™
<TZZ>O = 24064 (65)

In the same way

(Todo = (o=~ g, (220 + (BE(21))y)

™®
= (66)

Notice how conveniently the divergent parts near the plates  cancel out yielding finite results.
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Let us obtain now the Casimir force per unit area betweerandE; = 0. Making use of the correlator given by (55) the fol-
the conducting plates. Consider Figure (V) and the plate abwing partial results:
z=a. The Casimir force per unit area on this plate is

(B2, = (Ezt)y= (D) 2 [Tx ot

1‘[)42 7 1
a

G(E)Lz)

Ezto= (D) Z[(-5) m5+e®]. @

F
KZ = —Ty(z—a) +Ty(z— aF)

o
240% © 240(¢—a)*’

(67)

wherez — a-R means that tends toa from the left/right.

Taking the limit¢ — e we obtain the expected result for the @nd (ExzE/(z), = (ExzDEAzY), =
Casimir force per unit area <Ey(z,t)EZ(z,t)>0 = 0. By the same token making use
of the correlator given by (56) we obtain
oo
A~ 220 (58)

- N m42 [7 1
. | (Biz)o= Bzt = (3) [é . @‘G@} ’
The minus sign shows that the resulting pressure pushes to- (74)
wards the region between the plates. If simultaneously we
take the limits/,a — o« keeping the distancé— a constant. A m4 2 7 1
The pressure changes its F;iggrll but it still pushes the plate at <B§(th>o = (5) 3m {(*g) x 172076(2)] . (79)
z=atowards the one &= /.
In order to calculate the renormalized symmetrical stressand also
energy tensor®O" (2))" we evaluate the energy density . A A A A
p(2) = (6%(2) )" in the region between the plates as (Bx(z1)By(z1)),=(Bx(z,1)Bx(zt)) = (By(z1)B(zt)), =0
well as the saptial componen(téxx(z)){)e”, (éyy @)g", and Proceeding as in the case of the conducting plates \S\th)obt'
Y4 ren i i C
(©%(2))g™. The energy density is given by the following results for the componenets of the quantum ve
sion of Maxwell tensor

P = g (B0} + (B2 (10)))  (69)

. . 7
T = (Tyy)o = = X ==, 77
making use of the correlators given by (32) and (35) we obtain < XX>° < yy>° 8 720* (77
2 and
p(a) = o (70) ) ; 2
(Tzz)o = <”) X 520" (78)
This result is due to the fact that the divergent pieces in (32) 8/ 240m

and (35) cancel out yielding a finite result for the vacuum en- L - . .
ergy density. Recalling tha'l (z) = —Tij(2), see [11], with Notl_ce_that it is sufficient to multiply _the results obta_lned for
help of (2), (32) and (35) the remanescent components of thEaSimir's setup by the factdr-7/8) in order to obtain the

symmetrical stress-energy tensor are easily obtained. The fieSults corresponding to Boyer's setup. _ _
nal result is In order to obtain the Casimir force per unit area for thi:

setup it is convenient to place a third conducting plate-at.

. on ™ . Then the Casimir force per unit area on the plate-ata will
<OW(Z)>O = Wdlag(_lv 17 17 _3) ) (71) be given by
which is in perfect agreement with Brown and Maclay’s re- F L R
sults [6]. Notice also that®}i(2))5" = guw (O™ (2))5" = 0, A ~TedZ— @) + Tz — &)
with g, = diag(1,-1,-1,-1). B 7 y A 7 y N (79)
- 8/ 240 8/ 240(¢—a)*

VI. THE CASIMIR EFFECT FOR ONE CONDUCTING

PLATE AND AN INFINITELY PERMEABLE ONE Taking the limit ¢ — o we obtain a Casimir force which

pushes the plate at= a towards the regioa > a given by

Let us consider now the setup proposed by Boyer [10] F, 7 i
which consists of a perfectly conducting plate placed perpen- A8 X 2404 (80)
dicularly to theOZ axis atz = 0 and another infinitely per-
meable one parallel to the first placedzat a. The boundary This is the result obtained by Boyer [10] for this setup usin
conditions on the conducting plate are as befeye= E, =0  stochastic electrodynamic methods and it is one of the sir
andB, = 0, and for the infinitely permeable platBy =B, =0  plest example of a repulsive Casimir force.
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In order to evaluate the symmetrical stress-energy tensor wiae Casimir energy and pressure and the symmetrical trac
first evaluate the Casimir energy density. Making use of (55)ess stress energy tensor. We have shown that for the ca

e (56) we have we had in mind here finite results are obtained only when w
consider what happens on both sides of the surface bounde

o= 7 « ™ 81) This consideration provided the mechanism by which precis

T 87 2404 cancellations occurred and finite results were obtained. The

cancellations occur only for the simple geometry considere
i this paper. This is in agreement with, for example, Ref. [9
€hd should be considered as a concrete example of the beh

As in the case of the conducting plates a simple calculatio
shows that the stress energy tensor for Boyer’s setup is giv

by ior of quantized fields near and on boundary surfaces. Th
A , 2 behavior depends on the geometry of the boundaries and c
(OW(2)§" = 5 X 55-5diag(1,-1,-1,3). (82)  become quite complicated. It can depend on the local curv

8 720m ture of the boundary, for instance. Finally, it must be men

Al \vren AN oa\ren tioned that the equal time and space electromagnetic field cc
As before(G,(2))5" = guw (6 (2))5" = 0. relators calculated here were can be also employed to reder
VIl. CONCLUSIONS the atractive and the repulsive Casimir effect by means of

quantum version of the Lorentz force [20]. They can be als

In this paper we have shown how to employ the equ(,J“applied to the Casimir-Polder interaction between an atom ai

time and space electromagnetic field correlators evaluated bgaterial surfaces [21]
tween parallel material surfaces to rederive results concernig
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