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disperse
phase name examples

liquid solid sol Milk, paints, blood, 
tissues

liquid liquid emulsion milk, water in benzene
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solid solid solid sol composites, policrystals, 
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Photonic crystals Metamaterials



Optical propertiesOptical properties Propagation of light
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Turbid colloidsTurbid colloids

coherent
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Is it possible to define an effective medium?

Is there an effective index of refraction?
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Effective medium for turbid colloidsEffective medium for turbid colloids
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1 (0)effn i Sγ= +

11 ( )effn i Sγ π= +

transmission

reflection

ε γ π

µ γ π

= + +⎡ ⎤⎣ ⎦
= + −⎡ ⎤⎣ ⎦

1

1

1 (0) ( )
1 (0) ( )

eff

eff

i S S
i S S MAGNETIC ?

Proposition

J. Atmos Sci. 43, 468 (85)

r µ ε
µ ε
−

=
+

…It might be expected that a composite medium is 
nonmagnetic if its components are, but this is not correct…
which was recognized as long ago as 1909 by Gans and Happel…
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Our new resultOur new result

IN TURBID COLLOIDAL SYSTEMSTHE EFFECTIVE MEDIUM EXISTS
BUT IT IS  NONLOCAL
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Electromagnetic modesElectromagnetic modes

dispersion relation
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ConsequencesConsequences
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Internal Reflection configurationInternal Reflection configuration

A García-Valenzuela, RG Barrera,
C. Sánchez-Pérez, A. Reyes-Coronado,
E Méndez, Optics Express, 13, 6723 (2005)

Internal reflection
configuration
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ConclusionsConclusions

In turbid colloidal systems the effective index of 
refraction, due to its nonlocal character, is able to 
describe the propagation of light, but it cannot 
describe its reflection 

This is important because the naïve use of the effective index of 
refraction in the calculation of reflection amplitudes has been done 
many times without too much (intellectual) reflection

There is a magnetic response in colloidal systems
with non magnetic components (optical magnetism) 



A. Reyes-Coronado, A García-Valenzuela,
C. Sánchez-Pérez, RG Barrera
New Journal of Physics 7 (2005) 89 [1-22]

How to measure neff?How to measure neff?

Refraction Spectroscopy

Latex spheres / water



Firm theoretical grounds for particle sizing in turbid colloids using 
light refraction

A. García-Valenzuela1, R. G. Barrera2 and E. Gutiérrez-Reyes2
1 Centro de Ciencias Aplicadas y Desarrollo Tecnológico, Universidad 

Nacional Autónoma de México, Apartado Postal 70-186, Distrito Federal 
04510, México.

2 Instituto de Física, Universidad Nacional Autónoma de México, Apartado 
Postal 20-364, Distrito Federal 01000, México.

Abstract. Using a non-local effective-medium approach we analyze the 
refraction of light in a colloidal medium. We discuss the theoretical grounds 
and all the necessary precautions to design and perform experiments to 
measure the effective refractive index in dilute colloids. As an application, 
we show that it is possible to size small dielectric particles in a colloid from 
the measurement of the complex effective refractive index and the volume 
fraction occupied by the particles.

1. Introduction.

Refraction spectroscopyRefraction spectroscopy
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