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System of small (subwavelength) particles

History: Effective media theory 

Homogenization of Materials

Inhomogeneities in a system  <<  incident wavelength, 

→ system appears homogeneous to the wave. 

→ Can predict EM behavior of the systems in terms of an effective permittivity and permeability of a 
macroscopically homogeneous medium. Heaviside, O. (1880)

Thomson, W. (1872)
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System of small (subwavelength) particles (homogenized) responds to an EM wave the 
same as if the system were a collection of molecules with a large polarizability
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Artificial Dielectrics

History: Effective Media
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Metamaterial coined by Rodger Walser in 1999,
“ . . . macroscopic composites having man-made, 

three-dimensional, periodic cellular architecture 
designed to produce an optimized combination, 
not available in nature, of two or more responses 
to specific excitation.”
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Spatial Harmonics Wave Components parallel to the beam.
The SHWC interact with the beam resulting in energy

By a superposition of the spatial harmonics the field parallel to 
the beam can be expressed by Floquets theorem
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3.5 cm 3.5 cm
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FDTD Particle-in-cell simulation to simulate electron (macro-particles) motion and 
interaction with our material
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e-Beam 
200 μA
20 KeV

4W 



Accelerator Research Group

University of Huddersfield



Accelerator Research Group

University of Huddersfield

FEM FEMPIC PIC
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392 MHz signal

1.5 GHz signal
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The Double Life of 
DNA 

• In nature DNA 
carries information

• Encoded in the 
sequence of four 
nucleotides, or 
bases: ACGT

• Specific base pairing
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 Unique synthetic biology approach to scalable 
manufacturing of these metamaterials
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Summary

- Can design properties before fabrication

- Good agreement between design and manufactured properties

- Broad band response

- High-throughput High-fidelity Manufacture

- Mediate particle wave interactions via novel engineered dispersion relations

Can control Reflection/Transmission/Absorption and Particle Wave Interactions by design;
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