Engineered Materials

Metamaterials

Manipulating electromagnetic
waves in novel ways

etamaterials exhibit properties not found in constituent

materials and even generally not found in nature. They
promise to overcome the limitations of natural materials and
bring breakthrough advancements in microwave, mm-wave
and optical systems. Invented just in the beginning of this cen-
tury, metamaterials are engineered structures composed of
artificial “atoms,” or sub-systems of functional elements. While
natural materials represent multi-atom compounds, metama-
terials are built from different types of miniature resonators.

Elena Semouchkina has found ways to use metamaterials
to capture rays of light and route them around objects, render-
ing those objects invisible.

Semouchkina and colleagues at the Pennsylvania State
University, where she is also an adjunct professor, recently
reported on their research in the journal Applied Physics
Letters, published by the American Institute of Physics. They
have developed a nonmetallic cloak that uses identical
resonators made of chalcogenide glass arranged in a con-
centric pattern in the shape of a cylinder. The “spokes” of the
concentric configuration produce the magnetic resonance
required to bend light waves around an object, making it invis-
ible. In computer simulations, the cloak made objects hit by
infrared waves—approximately one micron or one-millionth of
a meter long—disappear from view.

Metamaterials, which use small resonators instead of atoms
or molecules of natural materials, straddle the boundary
between materials science and electrical engineering. They
were named one of the top three physics discoveries of the
decade by the American Physical Society.

Semouchkina and her team now are testing an invisibility
cloak re-scaled to work at microwave frequencies and made
of ceramic resonators. Antennas transmit and receive micro-
waves, which are much longer than infrared light, up to several
centimeters long. The researchers have cloaked metal cylin-
ders two to three inches in diameter and three to four inches
high.

“Starting from these experiments, we want to move to
higher frequencies and smaller wavelengths,” she says. “The
most exciting applications will be at the frequencies of visible
light.”

Could the police cloak a swat team or the Army, a tank?
“It is possible in principle, just not at this time.”
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Pictured below: A reconstruction
of the Incident wave firont affter

it passes a metal object of
eylindrical shape covered with

a shell composed of dielectric
resongtors. The shell makss the
object invisible.



