
 

Study models new method to accelerate
nanoparticles
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Geometry of tilted plate nanoparticle injector Credit: University of Illinois
Department of Aerospace Engineering

In a new study, researchers at the University of Illinois and the Missouri
University of Science and Technology modeled a method to manipulate
nanoparticles as an alternative mode of propulsion for tiny spacecraft
that require very small levels of thrust.

The team simulated a system that uses light to generate an 
electromagnetic field. Neutral nanoparticles made from glass or some
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other material that insulates rather than conducts electric charges are
used. The nanoparticles become polarized. All of the positive charges are
displaced in the direction of the field and negative charges shift in the
opposite direction. It creates an internal electric field that produces a
force to move the particles from a reservoir, funneled through an
injector, then shot out of an accelerator to produce thrust.

The study, that has been about eight years in the making, analytically
showed that the technique can work, and suggested parameters for
success.

"The challenge is in selecting the right permittivity of the medium, the
right amount of charge, in which all of this happens," said Joshua Rovey,
associate professor in the Department of Aerospace Engineering in The
Grainger College of Engineering at the U of I. "You have to choose the
right materials for the nanoparticles themselves as well as the material
surrounding the nanoparticles as they move through the structure."

The technique is based on a field of physics called plasmonics that
studies how optical light or optical electromagnetic waves, interact with 
nanoscale structures, such as a bar or prism.

Rovey explained when the light hits the nanoscale structure, a resonant
interaction occurs. It creates strong electromagnetic fields right next to
that structure. And those electromagnetic fields can manipulate particles
by applying forces to nanoscale particles that are near those structures.
The study focused on how to feed the nanoparticles into the accelerator
structure, or injector and how the angles of the plates in the injector
affect the forces on these nanoparticles.

"One of the main motivating factors for the concept was the absence of
or lack of a power supply in space," Rovey said. "If we can just harness
the sun directly, have the sun shine directly on the nanostructures
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themselves, there's no need for an electrical power supply or solar panel
to provide power."

Rovey said this study was a numerical simulation. The next step will be
to create nanoscale structures in a lab, load then into the system, apply a
light source, and observe how the nanoparticles move.

  More information: Jaykob Maser et al, Nanoparticle injector for
photonic manipulators using dielectrophoresis, AIP Advances (2019). 
DOI: 10.1063/1.5099520
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