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Metamaterials

From Greek “µετά-” ˗ "beyond”

Materials with the characteristics beyond that of common 
materials.materials.

The term is applied to materials with very unusual properties. 
For example, to materials with negative refraction index.

They are called also “negative materials” or “left-handed 
materials” (LHM).
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Refractive index

But what if  ε < 0 and  µ < 0 ?



Energy flux



Refraction and Snell’s law



Lenses



Practical realization in microwave frequency range
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For ε(ω)<0

Theory of operation

But instead of  ε = -1 and  µ = -1 we 
can write  ε=exp(iπ) and  µ =exp(iπ)

n =

Then



Experimental
confirmation of
negative refraction
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Simulation





Microscopic image and schematic of measurement



Results of measurements
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