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© Motivation

© microscopic theory
@ dielectric media
@ magnetic media
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local fields for a dielectric

@ polarization P = NaEsc
@ electric dipole feels e
o external electric field Eqy ’

ext

e c=1+4nN«
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local fields for a dielectric

@ polarization P = NaE|.c

@ electric dipole feels P e
o external electric field Eex o Eeut
. . i 7
e polarized medium Ty
= Eioc = Eext + 2P R
T e
_ 4 Na o
°oe=1+ 1—4?”Na o o

Surprisingly

The local field factor is quite accurate
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local fields for a dielectric

@ polarization P = NaE|.c

@ electric dipole feels P e
o external electric field Eex o Eeut
. . i 7
e polarized medium oy
= ElOC — Eext —+ %P ”,—““‘" /./ "‘!f_.,,.
T s
_ 4 Na o
°oc=1+ 1—4?”Na o ”
N—oo —

e — -2

= dielectrics get opaque

Surprisingly

The local field factor is quite accurate
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local fields for a LHM

@ local electric field @ local magnetic field
o Ejoc = Eext + %TP o Hioc = Hexe + %TM
_ A Noe _ ArNay,
° 5—1-—|— 717%,-,\,%“ ° M_l—ijil—%"N.am -
o electric polarizability a. e magnetic polarizability a,,
N N—
= =372 R |
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local fields for a LHM

@ local electric field @ local magnetic field
o Ejoc = Eext + %TP o Hioc = Hexe + %TM
_ A Noe _ ArNay,
° 5—1-—|— 717%,-,\,%“ ° u—l—ijil_%,,,v.am -
o electric polarizability a. e magnetic polarizability a,,
N N—
= =372 R |

n= -2
Increase density = get negative refraction
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© microscopic theory
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dielectrics

Vries, Coevorden, Lagendijk, Rev. Mod. Phys. 70, 447 (1998)
@ Helmholtz equation:

2
w .
VXVXE—gE:IUJ/,LOJ—‘—'LLOW2P

@ Greens function: P = a(r)E

2
[ucjz -V x Vx} G(r,r') = 0(r — ¥)13 — pow?ae(r)G(r,r)

o field solution

E(r) = —iwpto / dr'G(r, V)i(r)
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dielectrics, single scatterer

@ Greens function
2
[ -V x Vx] G(r,r') =6(r — r') 13+ V(r)G(r,r)

@ solution: Dyson equation

G =Go + Go7Gp T=V+VGVH+...
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dielectrics, single scatterer

@ Greens function
[2 -V x Vx] G(r,r') =6(r — r') 13+ V(r)G(r,r)
@ solution: Dyson equation

G =Go+ Go7Go T=V+VGV +...
@ e.g. single point scatterer: V(r) = vd(r —rg)13

_ 1
=T = 1=6,(=0)
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dielectrics, single scatterer

@ Greens function
2
[ -V x Vx] G(r,r') =6(r — r') 13+ V(r)G(r,r)

@ solution: Dyson equation
G =Go + Go7 Gp T=V+VGV+...

@ e.g. single point scatterer: V(r) = vdo(r —rg)13

_ 1
=T = 1=6,(=0)

result

spontaneous decay rate I, Lamb shift Av
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dielectric medium

@ single cubic lattice of point scatterers:

V(r) =v) gd(r—R)13

R: lattice vector

@ exact result:

T(kK) = Xpe™ N ——irem

density dependence via ) g eik'RGo(R) =Qq ZK W
k—K

result

local field correction e =1 + A”TTM’“"
TNae
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@ Helmholtz equation:

2
VxVxB—%B:roxj+u0VxVxM

o Greens function: M = a,(r)B

2
[‘; -V x VX} Gn(r, r,) = 5(r—r’)+éVxVme(r)Gm(r, r/)

@ field solution

B(r) = —uo / dr'Gp(r, v )V’ x j(r')

Jiirgen Kastel Local field effects in negative-index materials



@ Helmholtz equation:

2
VxVxB—%B:roxj+u0VxVxM

o Greens function: M = a,(r)B
w2 / / 1 /
2 V X Vx| Gp(r,r)=d(r—r )+§V><V><Vm(r)Gm(r, r')

@ field solution

B(r) = —uo / dr'Gp(r, v )V’ x j(r')

equation structure different: V x V x M not w?M

Jiirgen Kastel Local field effects in negative-index materials



magnetic media

o V x V x Go =Gy holds
@ point particles: 7, exactly solvable

Tk, K) = 3 etk k)R L
R

vm — >_r € RGo(R)

Jiirgen Kastel Local field effects in negative-index materials



magnetic media

o V x V x Go =Gy holds
@ point particles: 7, exactly solvable

Tm(k, kl) — Z ei(k*k’)~R 1
Vm
R

_ ZR eik’-RGO(R)

result

local field correction p = 1 + —A7Nam
1-=Nam
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negative refracting media

@ coupled Helmholtz equations
w2
VXVXE—?E:mmd+mvaM+mw%

2
VXVXB—%B:mVM+mVXVXM—MmVXP
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negative refracting media

@ coupled Helmholtz equations

2
V x V x E— 2 = iwpgj + iwptoV x M + jigw?P
C

2
VXVXB—%B:mVM+mVXVXM—MmVXP

How treat these equations?
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negative refracting media

o first try

2
kz -~V x vx] Ge(r,r') =5(r — ) — 0w eGe(r, ¥)

—iwpeV X amGm(r,r)

2
|:o:2 -V x VX:| Gm(ra r,) :6(r - I’/) - MOV XV x ame(r’ r/)

+iwpeV X aeGe(r,r')
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negative refracting media

o first try
2
[WZ—VXVX
c
2
|:C2—VXV

+iwpeV X aeGe(r,r')

G(r,r') and Gp,(r,r') have different source terms
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negative refracting media

solution

@ same source term for electric/magnetic Greens function
E(1) = ~iwno [ drG.(r.1)i(r)
B(r) = —pio | dr'Gn(r.)i(¥)

@ drawback: different free Greens functions

2 2
[ﬂ—VxVx]Gge)_(S [%—VxVx]Gém)_Vxé
C C
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negative refracting media

resulting Dyson equations

Bl ) = E / GO (r, )= powPae(r)Go(", )

_ Mov/l X Oém(l’/l)Gm(l’//7 r/)]

Gunlr,¥') = G{(r, ¥) + / "G (r, ¥ = pow e (F")Ge (¢, )

_ 'uov// X Oém(l'“)Gm(l’//, r/)]
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negative refracting media

resulting Dyson equations

Bl ) = E / GO (r, )= powPae(r)Go(", )

_ Mov// X am(r//)Gm(r//7 r/)]
Gunlr,¥') = G{(r, ¥) + / "G (r, ¥ = pow e (F")Ge (¢, )
o MOV” % am(r//)Gm(r//7 I,/)]

to be continued . ..

Jurgen Kastel
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