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Transmision y reflexion
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Teorias del medio efectivo

Promedio
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Homogenizacion

electrodinamica del medio continuo
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Promedio espacial

ESENCIA:

a
\ 4

a< 0.9
mMesoscopico

;.como promediar correctamente?



Electrodinamica continua



Electrodinamica en el vacio
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cargas y corrientes inducidas
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promedio
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Campo “inducido”
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Interpretacion
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Landau & Lifshitz

Electrodynamics of continuous media p.252

field by equation (56.7):
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curl B =

Subtracting the equation curl H = (1/c)dD/dt, we obtain
pv = ccurlM + JP/ot. (60.3)

The integral (60.1) can, as shown in §27, be put in the form [M dV only if
pv = ¢ curl M and M = 0 outside the body.

Thus the physical meaning of M, and therefore of the magnetic suscep-
tibility, depends on the possibility of neglecting the term ¢P/d¢ in (60.3).
Let us see to what extent the conditions can be fulfilled which make this
neglect permissible.

For a given frequency, the most favourable conditions for measuring the

1 1 = 11




Dudas... iP
¢,cOmo se calculan?
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Densidad de momento dipolar
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Potencia electromagnética promedio

ondas planas

Guerra de las galaxias




=
materiales lineales IP

“homogeneo” interpretacion fisica — MEDICION
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La tradicion... esquema (8 ,u)
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Operador lineal lP
Espacio de frecuencias ~ g 't D= §<E>
homogeneo e isétropo Respuesta no-local dispersion temporal
D(F,@) = [&(IF - [;0)(E)(F0)d"  H(F,0)= [d’ru (T -7 |a))<|§>(r',a))

permitividad eléctrica permeabilidad magnetica

Respuesta local
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Dispersion espacial  (ex) 6 (LT)

Invariancia translacional ... material sin fronteras
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Limite local

Limite “local”
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En el dptico...
materiales comunes indice de refraccion
e(w)
aNL - a'mol
v, RESPUESTA “LOCAL” N(w) = \/g(a)),u(a))/ Eolhy
Ay ~ 4 H( )
C
! : U4 . . .
8(&)) =& (a)) +1& (a)) ,u(a)) = U, no hay magnetismo 6ptico
disipacion
Asi pues, es evidente que carece de sentido utilizar la permeabilidad magnética
o . no bien se alcanza el dominio de las frecuencias dpticas, y al considerar los corres-
Electrodinamica de medios pondientes fendmenos es necesario hacer x = 1. Distinguir entre B y H en dicho
Continuos. Landau & Lifshitz dominio equivaldria a excederse en la precisién aceptable. Es mas, de hecho, tener
Paragrafo 60 en cuenta la diferencia entre u y la unidad equivale a un exceso de precision para la

mayoria de los fendmenos incluso para frecuencias mucho més bajas que las Spticas.

indice de refraccién N(w) = \/E(a))/ & (g 24 ) ’
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=n'(w)+in"(w)

“continuo’
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Electromagnetic response of systems with spatial fluctuations. I. General formalism
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promedio espacial

esfera

Promedio espacial
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Truncamiento

Truncamiento en el espacio q
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Truncamiento y promedio espacial
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Ensamble
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micro — macro

252  Chapter 6 Maxwell Equations, Macrosco pic Electromagnetism, Conservation Laws—S]

<pind> = {r;nﬁh - x,,}} — Vo ipudi(x — x,)) FORMULA DE KUBO
+ - E;; . s (Qr)apd(x — X)) + - 5 =
0 (s ) = £E)
D, = e.]£n+ﬂ,—%—ﬁ +o

(no magnético)

Pero... se definio... <,0ind> =-V-P



Promedio correcto
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¢ Quién hace el promedio?...

Experimento

nuestros aparatos
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Materiales
Inhomogeneos



Materiales inhomogeneos

metamateriales

Alas de mariposa

espuma




coloides

EJEMPLOS

fase dispersa / fase homogenea

sty

“ordered” colloids

colloidal particles / matrix



Teorias del medio efectivo...en general
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Propagacion ondulatoria
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La geometria... la forma
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La geometria... la forma
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el tamano

La geometria...
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parametro de tamano
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ARTICLES

Optical Properties of Metal Nanoparticles with Arbitrary Shapes

Ivan O. Sosa, Cecila Noguez,* and Rubén G. Barrera
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Figure 1. Optical coefficients for a silver nanosphere. Figure 2. Optical coefficients for a silver nanocube.



Optical properties

gold colloids

size parameter
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Effective-medium approach
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Reflection & refraction

unrestricted measurement

critical-angle
refractometry
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coloides

particulas coloidales

Problema

modelo

opticos microestructura
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“reglas de mezclado”

& off

Medio efectivo



Bl

Modelo

[ esferas idénticas de radio a

ubicadas al azar

parametros ‘_ N 4ra’
geomeétricos T\, 3
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\
Problema: Excitar — P ~

/

. no magneticas
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Esfera aislada E |¢
Eext _ e—ia)t
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Absorcion...esfera aislada

Absorcién polarizabilidad (cuasi-estatico)
E, — &y

C :2_7z|ma a =4ra’ >
A &, +2¢,

Absorplion

L "' L "' v " L
300 400 500 600 700 800

Wavelength/nm



Campo eléctrico... esfera aislada

i

Eext
multipolos
sistema diluido
- N 1 = _ L AN

(cuasi-estatica)



Dipolo inducido
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E’inc

Depende de la presencia de los vecinos



Coloide... dipolos puntuales

Bl

homogeneo e isétropo Problema r_j =& O EIOC
“en promedio” ! 0
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Campo medio

E’inc

s @8

Clausius-Mossotti

JC Maxwell Garnett
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Absorcion
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Plasmonica

—20 nm Silver
=30 nm Silver
=40 nm Silver
=50 nm Silver
=60 nm Silver
~70 nm Silver
80 nm Silver
90 nm Silver
=100 nm Silver
=110 nm Silver




Método de Lorentz... el mas popular

Bl

se congela
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No
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Extensiones al método de Lorentz

Maxwell Garnett

Egp +28, 3

Elsferoides alineados

esferas en 3D

Cett — &

3

Eop T 28, 3 &, +2¢,

... ha habido muchos intentos por
extender el método de Lorentz...

Pregunta:

s cual debe ser la forma
de la cavidad?

esfera elipsoide

¢.con qué eccentricidad?



Esferoide aislado

v

Tensor de polarizabilidad

(aproximacion cuasi-estatica)
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Cavidad de Lorentz

cavidad
esférica

cavidad
esferoidal

esferas en 3D

Ceit — &0 gp Y

Cett — &0

Eg T26, &, +2¢,
esferoides en 3D

Ceit — &0 Ep ~ én

f
e +25, 3 Le +(1-L)s,

£y~ Ey

Lygeﬁ +(1-— Ly )€,

Le +(1-L) )e,



PHYSICAL REVIEW B VOLUME 8, NUMBER 8 15 OCTOBER 1973

cavidad
esférica

Optical Properties of Granular Silver and Gold Films

R. W. Cohen, G. D. Cody, M. D. Coutts, and B. Abeles
RCA Laboratories, Princeton, New Jersey 08540
(Received 22 March 1973)

istic depolarization factor L,. Galeener’ s result
is equivalent to substituting for a(w) on the right
side of Eq. (2) the expression'® for the polarizabili-
ty of an isolated metallic ellipsoid immersed in a
dielectric medium. Equation (2) then becomes

€(w) - ¢(w) _ 1 €, (w) - ¢€;(w)
€(w)+2éf(w) e Lmem?w)+(liLm)€¢(w)' )

Although, as noted by Galeener, the above equation
is valid for x close to unity, inconsistencies arise
if one applies Eq. (4) to larger concentrations of
metal. For example, for the case L,=0 (flat me-

1—-x=f



PHYSICAL REVIEW B VOLUME 8, NUMBER 8 15 OCTOBER 1973

Optical Properties of Granular Silver and Gold Films

R. W. Cohen, G. D. Cody, M. D. Coutts, and B. Abeles
RCA Laboratories, Princeton, New Jersey 08540
(Received 22 March 1973)

The inconsistencies arising from Eq. (4) can be
avoided if, in the calculation of the modification of
the electric field by the dipole fields of the metal
particles, one employs a cavity whose shape is
congruent to that of the metal particles; e.g., the
cavity is ellipsoidal with depolarization factor L,
associated with the principal axis that is parallel
to the electric field. We shall adopt this mathemat-
ical construction. The generalized Clausius-Mo-
sotti equation (2) is then modified, and, in place of
Eq. (4), we obtain

cavidad
elipsoidal

€(w) - €;(w) =(1 -x) €, (w) - €;(w)
Ly€(w)+(1-L,)e;(w) L€, (w)+ (1 -L,)e;(w)

obviamente todo esto o0 esta mal... 0... no se entiende



Para saber la forma correcta
dela cavidad de Lorentz,
se requiere... un analisis
mas profundo




Analisis mas... profundo IF
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g, 1+ 2fa(w = 4r7a’
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A B 1-fa(w) &

esferas
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Promedio condicional

F)
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Correlacion de pares




El campo de polarizacion
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El tensor de Lorentz
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El campo de polarizacion
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La esfera de Lorentz
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Simetria esférica
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La funcion de correlacion

Maxwell Garnett Clausius-Mossotti
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Extensiones
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Effective dielectric response of a composite with aligned spheroidal inclusions

Rubén G. Barrera
Instituto de Fisica, Universidad Nacional Auténoma de Mexico, Apartado Postal 20-364, 01000 Mexico, Distrito Federal, Mexico

Jairo Giraldo
Departamento de Fisica, Universidad Nacional de Colombia, Bogota, Colombia

W. Luis Mochan
Laboratorio de Cuernavaca, Instituto de Fisica, Universidad Nacional Auténoma de Mexico,
Apartado Postal 139-8, 62190 Cuernavaca, Morelos, Mexico
(Received 26 September 1991; revised manuscript received 17 December 1992)

The effective dielectric response €, of a composite with aligned spherodial inclusions is calculated.
Using the dipolar and the mean-field approximation (MFA) an analytical expression for €,, as a func-
tional of the two-particle distribution function p'? is obtained. It is shown that previous expressions re-
ported in the literature correspond to different choices of p'?, thus, clarifying the origin of their
discrepancies. The theory is further extended beyond the MFA by including the dipolar fluctuations
through a renormalization of the polarizability tensor of the inclusions. The absorption peaks are dimin-
ished and broadened by the spatial disorder, which also yields an easily identified coupling among elec-
tromagnetic modes with perpendicular polarizations.

I. INTRODUCTION at a reference inclusion. The MFA is obtained when the
contribution to the local field due to the other inclusions

The study of the linear electromagnetic response of  contained in the cavity is neglected and the contribution
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Nuestro método
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Resultado
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is the longitudmal average of the particle-particle interac-
tion. L, is independent of i due to the homogeneity of
the ensemble Here f=4mnab?/3 is the volume fraction
of spheroids and @' =a? /ab?.

The average interaction is now calculated as?
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which contains the two-particle distribution function
p?(R) of the spheroids. In the very special case of
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Optical properties of two-dimensional disordered systems on a substrate

Rubén G. Barrera, Marcelo del Castillo-Mussot, and Guillermo Monsivais
Instituto de Fisica, Universidad Nacional Autonoma de Mexico, Apartado Postal 20-364,
01000 Mexico, Distrito Federal, Mexico

Pedro Villasefior
Instituto de Fisica, Universidad Autonoma de San Luis Potosi, 78000 San Luis Potosi, San Luis Potosi, Mexico

W. Luis Mochan*
Department of Physics and Astronomy, Condensed Matter and Surface Science Program, Ohio University, Athens, Ohio 45701-2979
(Received 16 July 1990; revised manuscript received 7 February 1991)

We calculate the dielectric response of free-standing and supported two-dimensional layers of po-
larizable entities, such as metallic particles or adsorbed molecules. We take into account dipole-
dipole and the image interaction and investigate the effects of disorder within a two-dimensional re-
normalized polarizability theory. The behavior of the resonances arising from both the single
particle’s and the substrate’s surface plasmon is studied.

I. INTRODUCTION

The macroscopic dielectric function of granular ma-
terials made up of a mixture of substances with different
individual response functions depends on the morphology
of the sample. The most simple effective-medium theory

~

tigate the effects of disorder, taking into account the fluc-
tuations in the dipole moments and the influence of the
substrate for supported films.

There are many ways to approach the problem of the
macroscopic response of granular materials in both two
and three dimensions. The topology may be incorporated
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Esferas sobre un sustrato

scual es la expresion equivalente a Maxwell Garnett en 2D
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en primer lugar...la respuesta es anisotropica...



tween the entities. Within the dipolar approximation, the
induced dipole p; at R; obeys

p;=alw) [E*+Fv.p; |, (1)
J

where a(w) is the isotropic polarizability of each entity,
Vij :tU +t{] 'M,

is the dipole-dipole interaction tensor in the quasistatic

t;=V,V,(1/R}) (3)

is the corresponding dipole-image dipole interaction ten-
sor with R‘,-{j =R;; —2de, the vector from the image of the
jth particle to the ith particle,

M= A4 diag(—1,—1,1), 4)

and A =(e;,—1)/(e,+1) is the strength of the image of a



Using the continuity of the normal component of the
displacement field and the tangential component of the
electric field, which allows us to identify E®*' with the
macroscopic fields £, Ey, and D,, we have

P =1 (e —1)E=ypext (50)
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B. Mean-field theory

The mean-field theory (MFT) is obtained by neglecting
completely the contributions to the field due to the dipole
fluctuations in Eq. (6), and yields
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Renormalized polarizability in the Maxwell Garnett theory

Rubén G. Barrera*
Departamento de Fisica, Centro de Investigacion y Estudios Avanzados del Instituto Politecnico Nacional,
07000 Mexico, Distrito Federal, Mexico

Guillermo Monsivais and W. Luis Mochan
Instituto de Fisica, Universidad Nacional Autonoma de Meéxico, Apartado Postal 20-364, 01000 Mexico, Distrito Federal, México
(Received 10 July 1987; revised manuscript received 11 February 1988)

We develop a simple theory for the macroscopic dielectric function of a system of identical
spheres embedded in a homogeneous matrix within the dipolar long-wavelength approximation.
We obtained a relationship similar to the Clausius-Mossotti relation, but with a renormalized polar-
izability for the spheres instead of the bare polarizability. This renormalized polarizability obeys a
second-order algebraic equation and it is given in terms of the bare polarizability, the volume frac-
tion, and a functional of the two-particle correlation function of the spheres. We calculate the opti-
cal properties of metallic spheres within an insulating matrix and we compare our results with pre-
vious theories and with experiment.
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Resultados
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FIG. 3. Imaginary part of €, as a function of w for Drude
spheres in gelatin (€, =2.37) and two different volume fractions
(f=0.1and 0.3). Here w,7=92. The solid (dashed) lines corre-
spond to HC (PY) correlation function and the arrows indicate
the position of the peaks of MGT. The curves for f=0.3 are
red shifted with respect to the ones for f=0.1.
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A new diagrammatic summation for the effective dielectric response
of composites

Rubén G. Barrera
Instituto de Fisica, Universidad Nacional Autbnoma de México, Apartado Postal 20-364, 01000 Meéxico,
Distrito Federal, México

Cecilia Noguez
Instituto de Fisica, Universidad Nacional Autonoma de México, Apartado Postal 20-364, 01000 Mexico,
Distrito Federal, México; and Facultad de Ciencias, UNAM, 04510 Meéxico, D.F.

Enrique V. Anda
Instituto de Fisica, Universidade Federal Fluminense, Qutiero de Sao Joao Batista s/n, Centro 24210,
Niteroi, Rio de Janeiro, Brasil

(Received 4 April 1991; accepted 11 October 1991)

We extended a previously developed diagrammatic formulation for the calculation of the
effective dielectric response of composites prepared as a random, homogeneous, and isotropic
distribution of small spherical inclusions in an otherwise homogeneous matrix. This is done
within the long-wavelength, dipolar approximation in the low-density regime of inclusions. We
propose a new diagrammatic summation and we compare our results with two recently
reported computer simulations.

J. Chem. Phys. 96 (2), 15 January 1992
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Suma de procesos de polarizacion elementales

ECRICS RN =

(18a)

where the renormalized vertex(@)=A is given by the self-
consistent solution of the following diagrammatic equations:
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FIG. 2. Im &4 as a function of w/w, for flling fractions 0.01 (a}, 0.03 (b),
and 0.1 {c). The solid line corresponds to Eq. ( 8a) with £ given by Eq. (25)
and the dots are the results of the computer simulation of Ref, 11.

S. Kumar and R.l. Cukier, J. Phys. Chem, 93, 4334 (1989)



Big colloidal particles
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Effective medium

)

Is there an effective medium?
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If there is one, it should be .... for the coherent beam

If there is one, the theory should be... incomplete



Energy conservation
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Effective index of refraction

first attempts

van de Hulst dilute limit

Light scattering by small
particles (1957)
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Scattering matrix
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Effective index of refraction
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J. Atmos Sci. 43, 468 (85)

Craig Bohren
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o © e =147y S(0)- 5(r)] MAGNETIC ?
_VH — \/E ..It might be expected that a composite medium is
r= \/* 4 \/_ nonmagnetic if its components are, but this is not correct...
H < which was recognized as long ago as 1909 by Gans and Happel...



Our new result

IN COLLOIDAL SYSTEMS WITH BIG COLLOIDAL PARTICLES
THE EFFECTIVE MEDIUM EXISTS BUT IT IS NONLOCAL

ELECTROMAGNETIC RESPONSE

GENERALIZED EFFECTIVE CONDUCTIVITY
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TOTAL LINEAR OPERATOR



R 1 1 1
© (K, o) s spheres Ag / vacuum a=0.1um

1.0 =
1"?"“—-.,
08 [ [T~ ™
06| IR, -
e RS
oo gl
| D) | _ . I i
0.2 | o ——
| 0.22 pm :
o 1 2 3 4 5 6



1 1
Re{[z(k,w) - 1}]7 spheres TiO, / vacuum a=0.1um

T e i P e i i T % M
j | | 0.83 um
x { | - 0.62 pm Il M E
A = = 0.45
1 = "i\ n_aui: F———
: q 0.22 pm
0 LN : :
I I A e s = |
: e
1 ~\. r |4 o
. R TF
o || 11 4
| !




.|1l‘~II .Ud Plﬂta & OI‘O J""ﬁ"".ﬂ"r"
Ve e

coloidal
vV sus proﬂ.uctua maravlllnﬂo-
ﬂ—'ﬂmrmm:ﬁ..mf:—“ L = 1 .I-i ';

(i
i’




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109

