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Electromagnetic (EM-)fluctuations in the rectangular wave guide are considered. In the limit 
of the empty (lossless) wave guide the partial mode densities, the volume averaged correlations 
and the internal energy are discussed in both, the high and the low temperature representation. 
The results are compared with the corresponding quantities in the cube, the slab resonator and 
the infinite isotropic space. 

1. Introduction 

In the last years numerous articles concerning 
the influence of boundaries on the properties of the 
thermal radiation field (blackbody radiation) hare 
been published [1 —16]. 

Due to the boundaries or due to the finite volume 
occupied by the field the correlations of the EM-
field are changed compared to those in the infinite 
space [17—22]. 

In this paper we will consider the hitherto 
unknown blackbody radiation field in the rectan-
gular wave guide with perfectly conducting walls. 
We assume that the wave guide is homogeneously 
filled with an isotropic dielectric medium (e = 
e' + e", magnetic permeability p — 1). 

The dissipative properties of the medium are 
directly connected with spontaneous fluctuations 
of charges and currents leading to a randomly 
fluctuating polarisation field (P(r, t)). The thermal 
radiation field is a consequence of this polarisation 
field. 

If the quantity Äi (r, t) denotes the space and 
time dependent operator of one of the components 
of the electric (E), magnetic (M), polarisation (P) 
or magnetisation (M) field, the corresponding 
symmetrized correlation function can be written in 
the form: 

A$(r, r', t, V) = <i {Ai (r, t), Aj{r', t')}> . (1.1) 

The angular brackets denote statistical average 
with respect to the density operator 

G ~ exv(-Ü/ICBT) , 

where ß represents the Hamiltonian of the system. 
The curly brackets are anticommutator brackets. 
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The Fourier transformed quantity of (1.1) is 
defined by the relation 
A$(r,r',t,t') (1.2) 
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Due to the stationarity of the process the Wiener -
Khinchine theorem is valid: 
A ^ ( r , r', co, co') 

= (Ai{r)Aj{r')t)ö{a) + a>'). 
(1.3) 

Therefore (1.1) only depends on t — t' = r. The 
correlations of the polarisation field are determined 
by the fluctuation dissipation theorem (FDT) [22]: 
P\f(r, r', co, co') = <i{P4(r, co), Pj(r', co')}} (1.4) 

= h coth 
% CO 1 

2kBT 4TI e" (co) dijd(r-r')d(co + oj'). 

The correlations of the magnetic moments vanish 
(ju" = 0). Equation (1.4) expresses the connection 
between the dissipative properties of the medium 
and the fluctuations of the random forces. Equation 
(1.4) is independent of the shape and the boundary 
of the medium. 

Our procedure will be as follows: We have to 
solve the Maxwell equations in the rectangular 
wave guide and we obtain the E- and H-field as 
functionals of the P- and M-field. Then, the bilinear 
quantities in E and H are obtained with the aid of 
Equation (1.4). 

We will compare our results with the correspond-
ing quantities in the cube [2, 3] and in the slab 
geometry [6, 13]. 

2. Response Functions and Correlation Tensors 

In this section we follow the procedure which was 
used in Ref. [15]. We put the origin of the coordinate 
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system on one edge of the wave guide so that the cross section is described by the coordinates 
O ^ x ^ L i and 0 fSy ^ L 2 . The z-axis is perpendicular to the cross section. 

We expand the E, H, P and M field in terms of orthonormal and complete sets of functions which 
fulfil the appropriate boundary conditions (the tangential components of the E and P and the normal 
componants of the H and M fields vanish on the boundary.): 

&k(r) — Nk(cos fcicr sin k2y, sin k\x cos k2y, sin fcizsin k2y)(27i)~1'2 elkaZ = <1»̂  (x, y)(27i)~ll2 elkaZ , (2.1) 

(r) = Nk (sin ki x cos k2 y, cos ki x sin k2 y, cos kx x cos k2 y) (2 N ) ' 1 ' 2 eikaZ = *Ffc|| (x, y) (2 TI)-1!2 eik3Z. (2.2) 

k\ — n\n\L\ and k2 — n2n\L2\ n\, n2 = 0, 1, 2, 3,. . . ; 

fcy = (k\, k2), k\\ — | k\\ |, varies continuously from — oo to + oo; 

Nk = 2(L1L2)-^'2 for m, n2 =#0, Nk = (2/L])i/2 if W2 = 0 and iV* = (2/L2)1/2 if m = 0. 

We insert these expansions in the Maxwell equations and obtain linear relations among the k dependent 
expansion coefficients of the fields. 

In fc-space Eq. (1.4) can be written as follows: 

(Pi(k) Pj(k'))<•> = fi c o t h - ^ DIJ E" (co) dku k, dkl> k. d(h + h') (2.3) 

Equation (2.3) leads to the correlation of the E and H field in k space and a straightforward 
calculation including an integration over ks, yields the symmetrized spectra of the correlations in r-space: 

(Ei(r) Ej(r'))$ = Ef(r, r', co) = fi coth Im XijEE(r, r\ co) 

(Hi (r) Hj(r'))^ = Bg>(r, r', co) = fi coth Im XUHH(r, r', co) 

(Ei(r) Hj(r')f> = Gtj(r, r', co) = fi coth 
fico 

2kBT (— i Re %ijEH(r, r', co)) 

(2.4) 

(2.5) 

(2.6) 

In (2.4) —(2.6) we defined the response functions: 
>2 2TTCO co ~ 

Im XUEE(r, r , co) = 2 
C V e ni,n2 = 0 

C2 — 

di] o T ki kj 
CO* E 

2 71 01 I CO I ~ 
Irn XijHH (r, r , co) = 2 

0 V e n, , n-, = 0 
C2 

dij ~ ~ ki kj 

-1/2 [ M 2 

CO 

(x, y) &{n (x', y') cos 

- 1 / 2 

(z-z') —-e'-^a 
1/2 

- e' — hi2 E' — k\\2 

CO E 

Re XHEH(r, r',co) = 
2n I co 

V* 0 

CO' 

lFlkn (x, y) (x', y') cos 

- 1 / 2 

(z - z') 
CO< 

- h 2 
1/2 

e' - h 2 E' - H 2 

em h (X, y) WL (x', y') cos 
co< 1/2 

(2.7) 

(2 .8) 

(2.9) 

In (2.7) —(2.9) we already have taken the limit E" ̂ -0. Ö denotes the Heaviside step function: 
d(tj) = 0 if rjf^O and d(t]) = l if r/>0, Eiji is the complete antisymmetric tensor of Levi Civita. The 
symbols k{kj and ki denote operators with the properties 
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ki kj = " 

— kj for j= 1,2, 8z 
8 

— ki -r— for i = 1,2, 
8z 

kj for i, j -1= 3 , 
82 for i = j = 3 , 

(2.10) 

and 

ki 

8z2 

8 
"8z 
ki 

for 1 = 3, 

for 1 = 1,2. 
(2 .11) 

The response functions depend explicitely on a;, and x', y'. They are translationally invariant with 
respect to the z-direction. (For comparison, see the response functions (5.2) —(5.4) in [15].) 

If a>2 e' /c2 = k\\2 i.e. £3 = 0 there are poles in (2.7) —(2.9), which lead to singularities in the partial mode 
densities and the density of states. The normal ordered correlations which are closely related to mea-
surable quantities in photon detection experiments can be obtained from the symmetrized versions [7] 

f dco 

o 
oo 

f dco 
H\P(r, r',r)= I 

exp 

exp 

hco 

kBT 

ho) 
kBT 

- 1 
- l 

Im Xi)EE(r, r', co) 

Im XijHH (r, r', to) = 

dco 
~2n 

E\f\r, r', co) , (2.12) 

oo 

/
dco , 
TT** HtfHr, r',co)e*«", (2.13) 

r,r , r) = 
dco 

2 % ei(or 
hoj -1 

The last terms in (2.12) —(2.14) define the spec-
tra of the normal ordered correlations with respect 
to the positive frequency range. 

3. Partial Mode Densities 

We define the volume averaged correlations 
n ( T ) = fJ®5f>(r,r,T)d3r, (3.1) 

V 

rH(x) = SHIP (r,r,T)d*r. (3.2) 
V 

Eqs. (3.1) and (3.2) can be written in the form 

riE{r) = J hco e^ 
o 

( hco \ 

(3.3) 

exp 
U b T 7 ) 

- l 
2 JI DE (CD) , 

riH{r) = J hco ei0>r 

hco 

(3.4) 

exp 
kuT 

- 1 
- l 

2nDiH(co) 

dco 
~2n i Re XUEH{r, r', co) = / - ^ G j f ^ r , r', co) e*»* . (2.14) 

In (3.3) and (3.4) we have introduced the partial 
mode densities DlE(co) and DlH(oo) [14]. 

The summation of the partial mode densities 
leads to the usual mode density or density of states 
D(co) which is relevant for the calculation of the 
global thermodynamic properties of the blackbody 
radiation: 

(3.5) 

For the cube as well as for the isotropic infinite 
space all partial mode densities are equal (DlE(co) = 
J,H(°j) = \D(CJL))). This is, however, no longer valid 
in our system and in the slab geometry [14]. The 
integration in (3.1) and (3.2) extends over the 
infinite z-axis and therefore we actually have to 
consider the quantities 

and lim 
£3—>oo 

1 
D\ T7 -1E\ {V = L1L2L2,) y 

which yield finite values. 
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We introduce the quantities 
n = (Äi, ft2) = ({L2jLx)^ m, (L^Ltf'2 n2), \ n | = n , 

and 
coo = TI c (L\ L2)~1!2 . 

Inserting (2.7) and (2.8) in (2.12) and (2.13) we find in the limit e 

1 
1: 

D|(co)/F = 

DvE(co)/V 

o>(XiL2)3/2ni = 0 „2 

1 

2 [(eo/coo)2 - fti2] [(co/^o)2 - ft2]~1/2 0 [(co/coo)2 - ft2] 

2>|(co)/F 

Dh(a>)IV = 

w{L i L2)3/2 

1 
co(Li L2)3/2 

1 

2 [(co/coo)2 - ft22] [(co/coo)2 - ft2]"1'2 0 [(co/coo)2 - ft2] 
1, n 2 = 0 

2 = 1, no •• 
ft2 [(co/coo)2 - ft2]~1/2 0 [(co/coo)2 - ft2], 

coiLxLtf'2 

1 

D\r(a»)/F = 

C0(XiX2)3/2 

1 
CO(Li X2)3/2 

2 [(co/ö>o)2 - fti2] [(co/coo)2 - ft2]"1'2 0 [(co/coo)2 - ft2], 
ni = 1, «2 = 0 

oo 
2 [(w/wo)2 - ft22] [(co/coo)2 - ft2]~1/2 0 [(co/coo)2 - n2], 

"1=0, «2=1 
oo 

2 fi2 [(co/coo)2 - ft2]-1/2 0 [(co/coo)2 - ft2]. 
«1 = 0, «2 = 0 

(3.6) 

(3.7) 

(3.8) 

(3.9) 

(3.10) 

(3.11) 

(3.12) 

(3.13) 

The summation range of the double series in (3.8) —(3.13) is different for the E- and the H-field. 
Summing up (3.8) —(3.13) we get the total mode density: 

CO { °° oo oo 
D { o ) ) l v = M f r L w • h A . + ^ + J s [ ( c o / c o o ) 2 - ^ » [ ( « / « • ) - - ^ 

1 1 ("2 = 0) (n," = 0)j 
(3.14) 

Equation (3.14) represents the eigenvalue spectrum 
of the EM-field in the rectangular wave guide. In a 
closed lossless system we have 

D(M) = 2<$(CO — ojk). (3.15) 

Equation (3.15) is a series over the discrete modes 
of the system, a> = c|fc|; the eigenvalues k are 
determined by the shape of the closed system. In 
the slab geometry — the distance of the perfectly 
conducting plates is L — we find [13]: 

(3.16) 

D(co)/F = 
nc2L 2 ir + 2<> ncjL 

Equation (3.14) is zero for co< c^/Max(Zi, L2); 
for co > c jr/Max (L\, L2) a continuous spectrum 
exists which tends to + 0 0 at the points co/coo = ft 
i.e. for N(A/2)= ]/LIL2 (A = wavelength). The 
spectrum (3.16), however, has a continuous part 
beginning at zero frequency. With increasing co 
successive finite jumps in -D(co) are observed at 
n(Xj2) — L. Equation (3.16) can be considered as 

the superposition of a two dimensional continuous 
spectrum and a one dimensional discrete spectrum 
[24]. Similarly, Eq. (3.14) may be interpreted as the 
superposition of a discrete spectrum in two dimen-
sions and a continuous spectium in one dimension. 
As the corresponding EM-field is at least two 
dimensional, the spectrum (3.14) is only different 
from zero if also a discrete part is involved, i.e. if 
A/2 < Max (L\, L2). 

The representation of the partial mode densities 
in the form (3.6) —(3.13) is most useful for small 
frequencies because in this range only a few terms 
in the series have to be taken into account. 

Consequently, for the calculation of the low 
temperature %a>o>kBT representation of the 
correlations (3.1) and (3.2) one should start from 
(3.6) —(3.13). The co -> oo representation, which is 
suitable for the calculation of the high temperature 
representation (ficoo < T) of the correlations, can 
be derived by applying the Poisson summation 
formula to (3.8) —(3.13). Introducing the quantity 
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P = (Pi,p2) = ({LilLjWpx, {LzlLtflZpz), 

we find: 
\P\ = P 

V\EA<O)IV = ^ T I -ff 3tt2C3 2' 
P, , p 2 = - CX3 

2sin(27rpco/coo) 2 cos (2np co/coo) 
(2 7i p co/coo)2 

(o>)/F 

8TT c2 

>2 

(2TI p co/coo)3 

co J ~ 2J1(27ip1a>la>0)\ OJ J ~ . 1 
2 ~ 7— i T ~ l 1 + 2 JoVnptnM- , _ , 

- 1 P.FTOO {2NPX OJJ(XJQ) J 4ttc2Li I „„r.oc I 4710X1X2 

(3.17) 

(3.18) 

coa I 3 
3 ^ 3 I1 2 2' 

PL , P2 = - * 

P 2= ~ 00 

2 sin (2Tip co/ojo) 2 cos (2 7rp co/coo) 
(2 TZ p co/coo)3 

471 c2 X2 

»2 

1 + Jo{27tpl co/coo) 8 7TC2 Li 

(27t j5 co/coo)2 

2J1(27ZP2 (OI(QQ)\ 1 

(3.19) 

(2tip2 co/coo) ) \ncL\L<i 

OJ< 
3 2' 

sin (2 71 p co/OJO) 2 cos (2Tip co/coo) 2 sin (2 71 p co/coo) 

=F 

T 

CO 
8ttc2L2 

CO 
1 + 2 2' 

p, = -c 
00 

87t c2 Li 11 + 2 

(2 TT p C0/C00) 

Jo(2npi CO/COQ) — 

J0{27lp2 co/co0) — 

(271 j> co/coo)2 

JI(27T Pl co/coo) 
(27t p co/coo)3 

(271 co/co 0) 
J1 (271 ^2 co/co0) 

(27t j>2 co/coo) (3.20) 

The upper and lower signs in (3.18) —(3.20) refer 
to the E- and ff-field, respectively. J0 and J1 denote 
the ordinary Bessel functions of order zero and one. 
The primes at the summation signs express that the 
p = 0 and pi = 0 terms have already been extracted 
out of the double and the single series, respectively. 
They represent the "smoothed" partial mode 
densities. 

Summing up (3.18) —(3.20), the single series 
cancel out and we obtain 

by Balian and Bloch [25—27]. The expressions 
(3.18) —(3.20) are similar to the multiple reflection 
expansions (i.e. co - » 00 representations) of the 
mode densities in rectangular cavities [5, 11] and in 
the slab resonator [6]. 

co2 co2 
(3.21) 

4. Correlation Functions 

4.1. a 00 Representation 

2' 
Pl . P2= - OO 

sin (27ip co/coo) 
271 P CO I CO 0 

1 
2ticL\L2 

The first term in (3.21) is the density of states in 
the isotropic infinite space. In the smoothed total 
mode density there are no terms proportional to the 
surface of the system. 

Equations (3.18) —(3.20) and (3.21) may be 
interpreted as multiple reflection expansions: p\ 
and P2 are the numbers of reflections (in the sense 
of classical trajectories) at the walls x = L2 and 
y = L\. respectively. In (3.21) the double series 
vanishes if j/(piLi)2 + (P2L2)2 is a multiple of half 
of the wavelength (closed trajectories). 

The general concept to calculate mode densities 
by multiple reflection expansions has been developed 

We insert (3.8)-(3.13) in (3.3) and (3.4). We 
expand the Bose distribution in an exponential 
series and note the integrals [28] 

00 
J ( y 2 _ l ) - l / 2 e X p ( _ Xy)dy = KQ{X) and 
1 
00 

f y2 (y2 - 1 )~1/2 exp ( - Xy) dy 1 

Kv represents the modified Bessel function [29]. 
With the definitions 

and 

z = hojol(kBT) 

x = 2(Li L2)3''2/(F7r2) 

(4.1) 

(4.2) 
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we find: 
~ ~ 4 f Zi[Ä(ap - i(o0r)] ) 

X r%(T)/(Ä co0) = 2 I - ^ • T ^ + (Ä22In2) Ko[Ä(« J» - i co0 r)] , (4.3) 
P = i nj=^„2 = i tt ( n(cx.p - ICOQT) J 

~ ~ 4 f Ä"i[»(ai» - i <o0 r)] ) 
X r j (t)/(Ä co0) = 2 2 ~ • r ^ + ( * i W ^o [ft (« - »coo r)] , (4.4) 

P = 1 ni = ^n2 = 0 71 l n(<X.p-l(D0T) J 
oo oo ^ 

xri(T)/(Äft>o) = 2 2 — [ f t (a j9- ico 0r) ] , (4.5) 
p = 1 « l = 1, «2 = 1 _ i TT 

* rxB (r)l(h coo) = 2 2 — ft2 I — r ^ + Wjn2) K0 [n (a p - i co0 r)] , (4.6) 
P = I 71 ( n(ctp - ico0r) ) 

X (r)/(Ä coo) = 2 I - • T ^ + (fti2/ft2) [ft (ap - i co0 r)] , (4.7) 
p = i „, = ̂ „2 = 1 n l n(ccp-icoor) J 

*rzH(T)l(hco o) = 2 2 - Ä 2 I 0 [ » ( « l » - » « ) 0 t ) ] . (4.8) 
p = 1 nt = 0, «2 = 0 

If L\ = L2 the a;- and y-components of the 
correlations are equal. For large moduli of the ft c o m p l e t e c y c l e i n t h e t i m e n e c e s s a r y to go 
arguments of the modified Bessel functions we may t h r o u g h 2L w h ü e i n ( 4 1 0 ) o n l y t h e t i m e T = wg L/c 
expand these functions [29], ig n e c e s s a r y t 

The coherence properties of the radiation field In contrary to the slab resonator, where the 
are described by the complex degrees of coherence anisotropy is very marked in the a -> oo regime 
[30]. Due to the Gaussian character of thermal light [14, 15], we find in the wave guide nearly identical 
it is sufficient to consider the second order degree of behaviour for both components (4.9) and (4.10). 
coherence. The damping in (4.9) and (4.10) is a consequence of 

We put L\ = Lz and consider the limit « > 1. t h e s i n§ l e i n f i n i t e d i m e n s i o n o f t h e s y s t e m - I n t h e 

We expand the modified Bessel functions and take s l a b r e s o n a t o r W l t h t w o i n f i m t e dimensions the 
into account only the largest term in the series (4.3) d a mP i ng f a c t o r i n t h e component parallel to the 
and (4 4) We obtain- p l a t e s h a s t h e f o r m ^ ~~ l k B T r ! n )~ 1 ( s e e (3 4) i n 

[14]). 
YE = T% (r ) /r| (0) -> e™ [1 - ikB T r/fi]"i/2, (4.9) 

= rE(T)/il(0)^V*0»*[1 -ikBTT/h]-v2.(4.10) * * a R e P r e s e n t a t ^ o n 

We insert (3.17) —(3.19) in (3.3) and (3.4), 
Both (4.9) and (4.10) describe a damped one expand the Bose distribution in an exponential 

mode behaviour. Equations (4.9) and (4.10) differ s e r i e s a n d n o t e t h e integral [28] 
only be the different recurrance times: (4.9) reveals f ß~v[{c(.2 — ß2)1'2 — a]" 

^aXJAßx)dx = ^ 2 ^ 2 * 

We find: 

* T\E 1 (R)L(H c o o ) = 8 2 2 a - i (O0T)2 + ( 2 T I P ) 2 ] - 2 

I f f / 71 = 1 Pi , P2= -«=> 

oo oo 

T (^ i / ^2 ) 1 / 2 2 2 [(nx-iojor)2 + {2npi)2]-V2 (4.11) n = 1 pi = - oo 
i.tT IT U / 2 ? V 2 ( n « - i a ) Q T ) 2 - ( 2 ^ ^ 2 ) 2 . 
± {L2 L1)1'2 2 2 77Z ~ \o I in ~ V215/2 ~~ Ä 1 ~ ® «0 , 

n = i [ ( n v . — i c o o T ) 2 - f ( 2 N P 2 ) 2 ] 5 ' 2 
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*nB](T)l(ha>o) = SZ 2 [ ( w a - i c o 0 r ) 2 + (2ttp)2]-2 
\H) n = 1 P! , p2= - oo 

I IT ,T u / 2 v ? 2 ( w q — i coq r ) 2 — (2 TT ff i ) 2 

1 11 nTi Pl=-oc [ ( M - i ' w o r ) 2 + (27rffi)2F2 
(4.12) 

=F (La/ii)1/2 £ 2 [(^ a - i coo T)2 + (2tt ff2)2]-3/2 - a"2 £ (2,1 - i co0 r/a), 
(1=1 po = - OO 

OO oo 

* J p 1 (T)/(Ä wo) = 8 2 2 [(w a - i COO T)2 + (2 7t ff )2]-2 IflJ n = 1 pi , po = - oo 

n= 1 p, = 
2(wa — i o)o r)2 — (2np\)2 

[ ( » a - i (Do T ) 2 + ( 2 7 T f f i ) 2 ] 5 / 2 

+ (L2/X i)1/22 2 [ ( w a - i c o 0 T ) 2 + (27rff2)2]-3/2. n = 1 p2 = — oo 
(4.13) 

The upper and lower signs refer to the E- and 
the H-correlations, respectively. £(a, s) denotes the 
generalized Riemann zeta function [31]. 

We have seen above that the Eqs. (4.3) —(4.8) 
can be considered as an expansion around the one 
mode limit. The p = 0 terms in the threefold series 
of (4.11) —(4.13) yield 8/a4 £(4, 1 -ikBTrlh). In 
the limit a -> 0 these terms are the dominant ones: 

r w v ^ - ^ r C H . i - i k . r i * ) . 

They represent the correlations of the infinite space 
and, consequently, (4.11) —(4.13) may be inter-
preted as the expansion around the isotropic space 
limit. The ffi = 0 terms in the double series of 
(4.11) —(4.13) yield 

± (Li/Lj)i/2 or» £(3,1 - i kB T T/Ä). 
The p = 0 terms in (4.11) —(4.13) result from the 
smoothed partial mode densities, i.e. from the 

Fig. 1. Modulus of the temporal degree of coherence for the 
rectangular wave guide as a function of the thermodynamic 
reduced time k^Tr/h for a - > o o (dashed line) i.e. one mode 
limit and for a->0 (solid line) i.e. the thermodynamic limit. 

p = 0 terms in (3.18) —(3.20). Corresponding expan-
sions in the case of the cube and the slab resonator 
are equally well known [5, 6]. 

In Fig. 1 we have plotted the modulus of y*E for 
both limits a oo and a 0, i.e. Eq. (4.14) and 
the first term in the normalized correlations 
(4.17) —(4.19). The modulus of the (second) degree 
of coherence for 0 < a < oo lies between these two 
limiting curves. 

As we have already mentioned, in contrast to the 
slab resonator there is no remarkable anisotropy 
(see e.g. Fig. 3 in [14]). 

In the wave guide closed trajectories are possible 
— cr = 2[(Liffi)2 + {L2p2)2]1!2 — and therefore, as 
in the slab resonator, the phases of y reveal complete 
cycles while in the infinite isotropic space the 
phases of y tend to the value §TT [6, 14]. 

5. Internal Energy 

With the aid of (3.5) we can write 
oo 

E{T)= Sha>[exv(KQ)lkBT)-l]-iD{a>)da>. (5.1) 
o 

Inserting (3.14) in (5.1) we get the a -> oo 
representation of the internal energy: 

2 h (Do 
E(T) 2 +2 + 2 P = 1 l Til , «2 = 1 «1=1 "2 = lJ 

• h2[K\ (anff )/(anp) + K0{(x.np)] 

(5.2) 

In the limit a —> oo, E(T) shows the exponential 
behaviour (we put L\ = L2 = L): 

E(T) ~ x~i/2exp(- a). 
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Fig. 2. Relative deviation of the radiation energy in the 
slab resonator (1), in the cube (4) and in the wave guide (3) 
from the Stefan Boltzmann law: 

The relative deviation of the radiation energy in the slab 
resonator from the T3 law is also displayed (2): 

Therefore, E(T) cannot be expanded hi a Taylor 
series around a = oo, resp. T = 0. 

In the slab geometry the internal energy reveals 
an a3-law for a -> oo [13]. In the cube of edge 
length L also an exponential law is valid: 

E(T) ~ exp(— ]/2a) [3]. 
We always expect an exponential law for a —> oo if 
the eigenvalue spectrum is empty between co = 0 
and co = comin > 0. 

The a —> 0 representation yields 
71X TT4 71 ~ 

2hcoo 15a4 12a2 

7l2 cosh 

16 7T4ff4 / 2712 > 
2a3ff I sinh ft 

In Fig. 2 we have plotted the relative deviations 
of the internal energy in the cube (V = L3) [3], in 
the slab geometry (distance L) [13] and in the wave 
guide (L\ = Li = L) from the T4 law which is valid 
in the isotropic infinite space. In addition we 
displayed the relative deviation of the internal 
energy in the slab resonator from the T3 law [13]. 

We note that the volume averaged energy 
density in the cube as well as in the wave guide lies 
below, while the energy density in the slab resonator 
lies above the infinite isotropic space limit. 
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