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MotivationMotivation
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QuestionQuestion

What is the index of refraction of milk?

…it is white…and turbid…
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colloidal particles
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Photonic crystals and metamaterials: ordered colloids?



MeasurementsMeasurements

….inconsistencies…

…reflectance around the critical angle…



OPTICAL SPECTRUM
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…light scattering…
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AttemptsAttempts
MODEL: Random system of identical spheres
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Craig BohrenCraig Bohren
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Comment:
…a very unconfortable result…

RG Barrera & A García-ValenzuelaRG Barrera & A García-Valenzuela JOSA A 20, 296 (2003) 

COHERENT SCATTERING MODEL



Our new resultOur new result

IN TURBID COLLOIDAL SYSTEMS THE EFFECTIVE MEDIUM EXISTS
BUT ITS ELECTROMAGNETIC RESPONSE IS NONLOCAL

Electromagnetic response

Our new resultOur new result
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local vs nonlocallocal vs nonlocal
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Effective-Field ApproximationEffective-Field Approximation

…valid in the dilute regime…
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LT schemeLT scheme
homogeneous and isotropic “on the average”
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Electromagnetic modesElectromagnetic modes

dispersion relation

ε ω =( , ) 0L
eff p

ε ω= 0 ( , )T
effp k p

longitudinal

transverse

′ ′′= +p p ip

effective index of refraction

ω ω= 0( ) ( )T
effp k n

ω( )Lp

ω( )Tp

ε ω= 0 ( , )T
effp k p

0 ( 0; )T
effp k pε ω= →

nonlocal

local

GENEALOGY



ComparisonsComparisons

Long wavelength approximation
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Quadratic approximation
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Reflection problemReflection problem
nonlocal nature
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AbuseAbuse
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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
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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?

Use refraction (propagation)

Latex spheres / water
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ResultsResults
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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 nonlocal magnetic response in turbid colloidal 
systems even when its components are non magnetic 
(optical magnetism) 

We have developed an effective-medium approach to 
describe the optical properties of turbid colloids in the bulk, 
that is useful and complimentary to the multiple-scattering 
approach 
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Coherent-beam specroscopyCoherent-beam specroscopy
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