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Canonical quantization of electromagnetic field in the presence of
a bi-anisotropic absorbing magneto-dielectric slab between two
parallel perfectly conducting plates

Ali Shoghi , Majid Amooshahi
Department of Physics , University of Isfahan

Abstract- Modeling a bi-anisotropic absorbing magneto-dielectric slab by two continuum collections of the space-time
dependent harmonic oscillators , a fully canonical quantization of electromagnetic field is achieved in the presence of such a
magneto-dielectric slab inserted between two parallel perfectly conducting plates. The Gauss and Maxwell's laws are obtained
as the classical Euler-Lagrange equations of the total system. Also the constitutive relations of the magneto-dielectric slab are
obtained using the classical Euler-Lagrange equations of the harmonic oscillators modeling the magneto-dielectric slab. The
electric and magnetic susceptibility tensors of the bi-anisotropic magneto-dielectric slab are expressed in terms of the coupling
tensors that couple the electromagnetic field to the magneto-dielectric slab. The mode expansions of dynamical variables of
the electromagnetic field and the magneto-dielectric slab are given and the ladder operators of the total system are introduced.

Keywords: Canonical quantization, Bi- anisotropic magneto-dielectric slab , Constitutive relations, Susceptibility tensors, Coupling tensors.

Y£4
2ib o yiws BBWWW.OPSLIE colu jo a8 cul jLael glls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
https://opsi.ir/article-1-1591-fa.html

[ Downloaded from opsi.ir on 2026-02-06 ]

VWA age V)Y

sl e iy a B=VxA 5 E————V(p a5
G il iz a5 wiis pnblie 5 (S S
Bz o Ngd e by A gilon g @I
0dsS Caax b el fi 0 =12 (F) sHISY
oS —60 gblixe oole g bl xSUI - loe

s 3 Slucoligo
1y 2
bt ﬁ ﬁ@ 5l
Jals chls
-» :
z=0 z=al z=b z=D

AL (5 45 5 meblitog 55 plisn Jold JS o ) IS5
Gbls, axmian g0 o il o Sluwaligs S Sl g0~ gblice

ol Jals

S¥obes (F) o) oY) 65,5 slo I 5 oolil L

A loys @ ISl glo Jouily sl 51,5V Ll
gl oo ymie JguSle (5B 5 gl gl a4 S5

'Ul

V- (&E +

)

(#0 M) =L (soE +P) *)

5SS iodss slo (B s 5 M Pl o a8
oole a5 o, Silog oo yr g 9t oole ool
Loyl 5 35 o 3l Jure |, S S gosblise
— eosblize oole 5 urbliieg 2SI lase 00isS Gz

0 )

g (g0 hypai py Dy & S Sl

B(rt) = Idef(a)r)X')(rt)
) o =

M(r,t) = Ideg,(w 7)- XD 1)

i=1

oole a5 o, Slussi slys 51,5 - gl S¥olas peizman

R UL PR VNS ST VIR L S p S W RV
X0 0+ XD 1)

= fY(,F)-E(F,1) + g} (o, F) - B(F 1)

Y]

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 SLigied 9 Subl il A e slez g S

doddio —)

I Sals SIS S g, e el sl Sl o
S5 (5 shalzin o5l 5 55 pmrbliiag 25U
Iy oobe (39, cnl yo IV YT Y] ol ous l)) L3>
Sgesl sla,Silag 5l Jituns g jliwgey dcgerme 93 L
o dcgaze cnl 5l (S S (o0 3le oo om0 an
) oole gpdy (blise (6,500 5 oole (gpdy iukad
ooyl S¥olas g JsmSle E¥oles IS s irogs
P Sy e J5 5LV Jol SV las S 4 00le
200l (bt 5 (S 2SIl (g 0dy 395 gl gl ]
Olde g oole uS  Cux sleyguil cus
3 S A glo b 0] o Gty nbliies 250
5 oolo 0uiiS iz (clb 3l o s Ay smmpbliie
Joe Iy oole a5 lo Slogs 5 abloeg mSII lae

Sl oo St =0 [0 0 o 5l

51,59 4L of @Y olzo -Y

oole g pdoliseg iSIl Jloe ) s JS s3I ,SY
15 Oygo d (0,5l g0 LIl G STl go-gblise
D9 (o0 Sloiiy

L(t):j d3r[lg +lom + g 1. o)
Vv

2 &l g 2o JolS sl 50 Gz VT o oS
sl Y8 i @ b lemils - adl (o0 (V) SO
e o Sopsi eogblas eole ol SY
25 D50 a5 el Ll (iSe 1 5 boliing Sl

"
+00
= | da)z ERSUGI U
0 i=1 M)
~10?X (.0 X9 71,
I, =Llg E? —B—z. )
em 2<0 210
400 2 3
i = Idwz > M0, PERFHXDE
0 i=1 m,n=1 (V—)
4o 2 3 )
+ J' SN oM@ F)B(FHX D).
0 i=1 mn=1

2l o yiws BBWWW.OPSLIE colu jo a5 el jLael glls 590 50 allie oy


http://www.opsi.ir/
http://www.opsi.ir/
https://opsi.ir/article-1-1591-fa.html

[ Downloaded from opsi.ir on 2026-02-06 ]

VWAF e VoY

P Ul axmangs o el glp 00,5 RUG(F,T7) a5
Tob 69, Ao i kulpd jo g ol (V) S
e G V2G(F,F) =—5(F —F') alsbe 52=0,D

g5 Sy90 AG(F,T) ()5 b oS

+oo PO

G(F, ") =—Z[O

><sm( )sm(””z )]

exp(ilZH @l
kg +kg+(1r)?

y K skiek 5 dPk=dkedky alad, ol
2OV doles 5l 9 gl b Fl =xi +vj
V-A=0 codsS ailowy 3l oslial o (V) (F) 3l Y
J5 35 Glp pyole iz 4 > 605 JIS0

) (50 e

L,
L(t):jd%[%go(%)z—w—z—’:.ﬁ+(€XA).M]
\Y

+00 2 . »
+J'd3r jde[%(Xg;))Z_%wz(xg))z]

jd rJ.d3r’G(” V-

\

P(F,t)V'-P(F',1)
Ay

s o0l (V) o¥oles b iblise 5 ikl sla oy oS

gd.mlgsn&..?_‘aﬁ)bﬁ s AAJ9AP u)l.:.:.ﬁdu‘
By (8 0 O )ge

(F.1) = Zjd3r'5T (F.F)P: (7' 1),

j=lv Y
S5 (F.F) = 8;8(F - F)-4-G(F, "')a—a,j

ol ySUl e (Seolins piie LS 9S]
LY I8 ool b ol A g lsyy Jpily
XOr1) oo plowe fsed @lo juiio (VY
Wigd e 00l iy USS 4 iy 4 A XD (1Y)

~D=ggA-PT %)
O =x® o1 (8)

Olnl Sig398 (5,9l g (wdige il ST (e 9 Sigig8 g Sl il 45T e loz 9 e

sl ool Slis b g YU abwl, ol o aS
ol g S5 4 (A) dobes muly
XDt = XD 0)cosat + et X O (7 0)
t
+jdt'W[fit(w,r)-E(r,t')+ ot (@, F)-B(F,1).
0 @

25 J5b 4y gate izl Lalg, (V) [0 (1) 6, L

g (0
P(F,t) = Py (F.t) + Jdt’[ 7O -1)-E@F, £1)
0
+ 7Ot -t) - B(F, £t)],
]
M (F,t) = My (F,1) + j Lz -t)-E(F, £t)
0
+ W -t)- B, +t)].
)

aiws (0) D0 sl iy 4 (aiw) Sl sl cdle
oole (5 L8y (sl guils Z(i)’i =1234 slo il o
ISVEL SOV PRRPITSRVI FRUNCSINN! | § BF PRSI
My Py ) adobas o ailoads e fi, 0 1212
A wied a8y bl 5 S Sl kb sl o
s Fi,gi =12 oS o bojsuil sy
oo ooy WS oo il Jow | oole a5 s Sl

Iyl ot

Seigls uiles Y

Ol lp Sl aslss So e oal e
Sl (oo Jors S Sl -s0gblise oole g ubliseg 1Sl
oo ooliiul (V-A=0) coodsS ailoy 5 jabaie ol sl
SaS a ]y @ ISl fenily (Sl golil 4z 0 5 oS
L oS (oo Bio s SHISY 1 0) oo5 9B
ho JSul Jouily plgs (oo (0) o558 51 oolizul
W piad (S s8Il oyl (JBe o 2 25 O j90

Wudgh S STk gogblixe ool jo 00l

o(F 1) = -é j &3 rG(F, )V B(F' 1) o
V

2ib o yiws BBWWW.OPSLIE colu jo a8 cul jLael glls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
https://opsi.ir/article-1-1591-fa.html

[ Downloaded from opsi.ir on 2026-02-06 ]

VWA age V)Y

5 <l o (] ):(:\/kx2 +kE + ()2 NIBTEY
4 \7n,-/1(kH 1) syloy oy (S5 slo adl g

gl oo 00l 15 O jgo

Vos &l 015 =ejn, sk 000 =123

fL(n,F) = f,(nF) = —i exp(ik | ] )sin(%)

fa(n.7) = exp(ik| Fl ) cos"%)

Jopsonkl s sank )y 2212 o sas

Kl —n7,
A Oges é(3,n,lZH ): D

5 5 22
ki +ky +

n=mz
D2
sl re Sboy sla Slee(VA)5(\V) Glo lawy (o

bl Ly, 5 oole 5 epbliios il lare  Saoliss
IS (0 Ghe

[anJA(IZH ,t),a:'jz'(E'H ,'f)]=5/u’5nn'5(|ZH k)
) @K 0,00 @k 1=0;

xﬁﬂﬁrﬁnnré(a)—a}’)é(lzu _ilhy

Sy azxa —F

DiisleS G al e j0 0uls &1l g, e b allie ol (o
05 Sy a2 53 bl pS1 (e 51 Sl S
3 Siluol g0 L3l S mSUl go-gbline ool ool
ouds &1, g3lae g o JolS (gLl 90y ool 00ls 1,3

&=l

[1] M. Amooshahi, J. Math. Phys. 50, 062301 (2009).
[2] M. Amooshahi, Eur. Phys. J. D, 69:66 (2015).
[3] M. Amooshahi, Int.J. Theor. Phys 55 ,3761-3776(2016).

Olpl SS5398 (553U g (cmidige (il oS (e 9 Sigi8 9 Sl el )28 ey lez 9 S

SYolae ;0 s IS Egren sla oo ilo b 935
1398 oo Jlosl sl (55, 5 bl Luls, V0) 5 (VF)

XY (F,t),éé‘ﬁ) (F, )] =inl6; (- )5(F F)
[A;i(F,1),-Dj (F',t)]:ih5T (.7 o5
o S Seideols SIS 4y ygaS]

+00 2 . )
H(t):Id3r[Ide(§g) XD _B.A-L@)
v o i=l

JouSle dlolas slo lis ol o0 (VF) olml> Lulg) s
Sripl paar o0 (Vr) o lisle Yolso 5 (F)
Ervan (Sarlis (sloseite Lay aiile oo B yrins
> S i8I g35blina 00leg ulolinag Sl lars
1l ) S0 4 (V) S0 Bl 90 o 4l slace

2 4o
A=Y jdzk\/ R,

=1 n=1 (27T)2Dwn(kH )€o0
CORYCUR YT CUN S
var,, &k ovr, &l p

— & ho (|ZH )e
D(F.t) =—i d 2k, [—n— 20
;21 E -[ (27)°D

«lar, kK ove &l e

vy~ a2 v &l

(i) n
X0 (F,1) = ; n_z Jak (27[) —

b®, & o, , &l

00 )« v &

Q0 (r, t)——lz Z Id k/
A=l n=—w

PR CUR YA LN

OB U VAR CUN o)
A

a3l g yiws BBWWW.OPSLIE colu jo a5 cul jLael glls )90 5 allio oy


http://www.opsi.ir/
http://www.opsi.ir/
https://opsi.ir/article-1-1591-fa.html
http://www.tcpdf.org

