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Green’s function expansion of Electromagnetic field in the presence of a
magneto-dielectric medium

Marjan Jafari
Imam Khomeini International University of Ghazvin, Ghazvin

Abstract- Starting from a Lagrangian and using functional- integrals techniques, series expansions of Green function of
electromagnetic field in the presence of magneto-dielectrics, are obtained. The parameter of expansion in this series is the
magnetic and electric susceptibility of the medium. Non-relativistic Langevin type equation is derived. Series expansions for
Free energy in finite temperature and for arbitrary matter distribution are derived.

Keywords: Free- energy, Green’s function, Path Integral, Susceptibility function.

YV
ASb g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://opsi.ir/article-1-513-fa.html

[ Downloaded from opsi.ir on 2025-10-31]

51 el & jle aloles JST 651,5Y o 5 (e

L =Ly +Lem +Lint [1]

GHLEY o0 Coonnd a5l 0l o)Ll a5 AsSilon oS
90«)Lo Mﬁmﬁsoéuswmsfﬂ‘ U‘J...A
ool o LS5 e

Lem =%(E2 +B?)
L, = % j o|w((6YwT(’ﬁ(’t))2 — 0?2 (1) +

%jdw((‘”(wT(i't))z —0?X2(%,1) [v]

Ling ='[da)f(>?,a)),&-m“’a—(tx’t)+

jdwg(x,w)xw(z,t)-w A%, 1)

JoSis o g0 5l oole (651, 5Y aS 04l o ala>dle
5 Cowl 0ole rblixe 5 (iodad 4 atuoly a5 Cowl ool
Sy Colgin booole ibliae 5 jiudad cools
99y eiiSed p HLSY ol sl gile Jolre
L aS o)ls 0929 ool 5 o oo (Sob i el

Al adayly eole gundoline o (SO 2SIl (L8500

e JISE gy 4 Glge allob o315V rals L
A,k 0 eSS SG ol plel | nisleS sl

n ~‘~S°Q)_3 &al.: u‘ )‘ as ML’&S" "\J9"° é’b U‘J':A
2O Sy s dmle b Fiine 3l eolatul L galais

» gaht 9o JiSeny Al aculre Bos dlis ()
ol oole Gm.a.bl.\:.a 9 k.;))'SJ‘ ‘_QLD)LJ)J.\J [ESowE g

Wo = [ DrAI[T1DpY, ][ 1 D[X,,]
exp[%Id4x[—%AinjAj
—%jdin’w(ﬁf + 02} 6 [v]
—ljda)x- @2 +&?)X: 5 + I A
> i, (0t i@ T i
+[d0di oYi + [ d0i X0l

ol o as

YA

St S e oKssls N YAY oLo..{O YO LYY

doddio —)

o s (sogilyS SlSe (agmlsST plane 4k
ooy 50 oS Djgody a5 wllige dlwgy
Yogore ool 4Bl S osilsS Spaliyng 2SI
IR win 50 Slge Hea> )0 egilsS slaglaee
oy BB Sois sl alws oS WS e
318 3925 (69 130 Sl pgnilsS yo Jle sl il
olo K jpi> g erblieg Sl a5
2L DY1onS o 3 ) 0550 S SUls0525
ol 59 d0-Fl oI5 (555 (595 08le e 3l drlna
3)ly Hlose isleS anTd )0 Lo oole ylawse olge
GBS 45 518 3575 o8 oo ailislie 355 oo
Olo el Sge ]y el (595 wile (o5
Srsrd @A Sy sl e g 08 ale
ogilsS Ol e e (pulil CueST Syl
ESICRPNCICIC VIR NN Jees
Cools b Slge oy b ams e ey |, g3
dlme ) ConS cpl Glage jga jo0 (SO STl il
3 oS b dle Ban alis cpl yo [F] mlosges

8l o 5o S 5 rblie ool | Slge 5

8L g e S5 Ubg, 5l eolizal b allie ol 4o
Lol a5 Wbl @3B «SpsSang Sae oSy
g9y wdbioe o3l g (cmblineg XS plave (s351,5Y
2 labiisy fuiSeny b glp b S g oS (o0
ooy Slgo (umbline § (oSl slos L8y o
Sl b cably nl 51028 S plsie 4 g sl

SO, g 9o Slge jgam o o cid b olyl (5,

'M)a—‘gs" ey
S5 oey =Y

S Sl ogSe oole jga 50 (saghilsS Sl xSl
Jaie SO 93 L osle 55l Joo b o5 o0 1) (>
R WS (oo (MSe p (prbliieg SSUl Glage L oS
Ao Alogn Sleg G o Jeld KT e 08
ooy |y osle iblise g iakd olys oSl gum

IVl ass


http://opsi.ir/article-1-513-fa.html

[ Downloaded from opsi.ir on 2025-10-31]

Gl (x—x' @) =

[¢°2 -G (x- )l (a1, =

GR (21— X)
1] 1

+ 02, [ 4% -2 Gl (x- 2 (20, 0)

0

1
0

G- ) (22 )] = — B2 - X)

621]82] 2j'

+...

£99 9 le 45 e LgL:zs §lio &5)69 )Ua'.';i‘ as 4.3913&.&:
by o oliT (glad pucbliseg Sl oo (S &l
Aol s

el O)le 55 005 @b pom dlox
G|'|E.M (x=x" o) = Id3zljd3226|?(x—zl,w)
[o? ;ce(zllw)] -GQ (-2, 0 (22, )] [ -]

0
——Gp (2, -
0z Zj

Iy smbline 9 (S oSl slog,L8 50 YU Lajly, yo a5

oIS 25 Oygo &

£2 (0" %)
. do'———"— (V]
rexe) = J.a) 2_w® —10"
2, .
. 9°(@'x)
n(x0)=|do'———"— [Vyy]
I (X, @) j NI S

5 sl &)l ST ol Sl lace 05 &5 5

_nr
V C
Gl (r=x-x'iy) =—
I]( I) CZ anr
2 . 2
c c hir 3 3¢
[5|J(1+—+?)—I—2J(1+—+?)] [\\ﬂ]
Vit vir r Vit vfr
+3 5 ;8°(r)

Slawlxe Sl g 51,5V Lol O¥oles 5l oolaznl b
wlobo IS 5 @b a5 wlobo cpg3Y aolas 2L,
Ll Cends Jlio &j50 4 0I5 o Gao ol o

Vx[L- i (X @)V x G(x~ X', 0)

5 R [v¥]
—0°[1+ yo (X, ®)]G(X - X', @) = 5(x—X")

L puiSeny 50 plus] awae a5 cwl S5 a4 63y

Y4

St S e oKssls N YAY oLo..{O YO LYY

Kij =|:€Oat2—ivz:|5ij +i6|6J [f]
Ho Ho

BB olyT Wge &b 5l colainl b piuiSan p alge a5 g

W :exp[jd“x[jda)f(x,a))A,-atYLw ul
5

+J'da>g(X,a))Xi,w5xjA1<€ijk]]\/Vo

Slse Covsy o alal, 5l b G 5

Gy (x,X) = (5

52 :
—WJ[J,J,.,3,] ,
0J;(x)6J j (x") 3,9,.,=0

[#]

aw Sl et s (SYsb Slaale plml Gl
el ()5 @b Jgl Cand oS 050 00 Jol> Caad
ey b 9wl e ool okl ool
JORSCNC B PUEI SCTINSJNE JUtV BPRCEIRY
9 d5b oo Jool> oole Giblise cools 5l p S &b
5 Sdlbge oole qupbline (L850 Gy by
Doz 5 Cewl 2blise 5 iodad iSen  poe alox
5 Sl gy eralbl e p b

sl o oolo mpboliis

Gjj (x,x) = GijE (%, x") +Gi'jv' (X, x") +GijEM (x,x") [v]

Sl pdy @ b )5 &b Sl a8 las o
Sl pealy> 5 Ojpe 4l (S0 Sl
[A]
G|[|E|(X—x',a)):GR.(X—X',a))
+ [ 260 (x- )0 7 (021G (21 - @)
+[ %2 [ 0° 460 (x- 0”7 (@,20)]
X'\, ) +...

G (21— 23, 0) [0% 16 (0, 2,)1GY (2 —

ooLo u,_w...‘oL.Lo 6)Ldf& 44 Jaﬁ.tfo g).v)f éﬁla 4.L<;.> 9

ol & le

[a]


http://opsi.ir/article-1-513-fa.html

[ Downloaded from opsi.ir on 2025-10-31]

Cawds b (6,8 3 o ailoleo o135 (65,31 e 4o

Sl

&=y

[1] Vogel W.,Welsch D.-G., Quantum optics, 3" ed, WILEY-
VCH Vergal GmbH and Co. KGaA, Weinheim, 2007.

[2] Kheirandish F. and Amooshahi M., Electromagnetic field
quantization in a linear polarizable and magnetizable
medium, Phys. Rev. A. 74(2006) 042102.

[3] Matloob R. et al., Electromagnetic field quantization in
amplifying dielectrics, Phys. Rev. A 55 (1997) 1623;

[4] Matloob R. and Falinejad. H, Casimir force between two
dielectric slabs, Phys. Rev. A 64 (2001) 042102;

[5] Kheirandish F., Soltani M., and Sarabadani J., Casimir
force in the presence of a medium, Phys. Rev. A 81 (2010)
052110.

[6] kheirandish F., Jafari M., Perturbative approach to
calculating the Casimir force in fluctuating scalar and
vector fields ,Phys. Rev. A 86 (2012) 022503.

[7] Hopfield J. J., Theory of the Contribution of Excitons to
the Complex Dielectric Constant of Crystals, Phys. Rev.
112 (1958) 1555.

[8] Kaputsa J. I., finite-temperature field theory, Cambridge
University Press 1989.

[9] Stone M., The Physics of Quantum Fields, Springer-
Verlag New Yok, Inc. 2000.

Y-

St S e oKssls N YAY oLo..{O YO LYY

Sod cax ol gl eolatul b pwadbliaeg xS lave

é}stn 2o ools 9 u‘..\m

ol &b Y

ok & Ol (S &l sl alaly jloolinl L
G,bndy b as Sl gogiife dlge jgam o,
5] St 38 e bl
Dypo & dlge 58> 0 uablisns 1S plase 1k
Wb 2

d*xL

|
E:ID[A]eh [val
e 0=y S S A oy o

S35 9 09 vl (qwaldl 2050250 D90 S 2
[8-9] 0T co oy ol alal; 51 o5

E-_ "z [v¢]
T

LSl gy 5 eolil b ol so (hiSem s oo t a8
Nl Cowny T alite slos ;o ol3T (6551 ynne

E :—kBTitrln[G(m X, X9 [Vv]
1=0

2xlkgT
il -1 | PUSTN

kg 5 Llgwile (58 v =
b YU abaly o o 3Kl o [V alal) 5l eolaxal b

blide 5 (oS sla (55800 o 5L

JLG b polie (g9, o> o gl o

© 0
dv .. .
el -~’L~>hI—f| SkeT > £(i
Sgise prile 1 T (V) > kg D fiwm)
0 1=0
S5 axis -
Oldee s HSY Lo al p dlde ] o
390 S Sl gogiSe Slge j9a> 53 1, (cunboliseg 1Sl
2 able ()5 &b Glp b SO ool 13 o)

Cewdy o0le gmbline 9 (SO Sl slas,ldpdy o
00 dliee (0,5 @l Lo o )lS SO lgre 4 o]


http://opsi.ir/article-1-513-fa.html
http://www.tcpdf.org

