
 

Researchers Turn Classic Children's Toy Into
Tiny Motor
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Pictured above is a Crookes radiometer -- also known as the light mill -- which
consists of an airtight glass bulb, containing a partial vacuum. Inside are a set of
vanes which are mounted on a spindle. The vanes rotate when exposed to light,
with faster rotation for more intense light, providing a quantitative measurement
of electromagnetic radiation intensity.

Researchers at the University of Texas at Austin have miniaturized a
children's toy into a tiny motor that could one day power medical devices
or harvest solar energy. The device, called a radiometer, is based on a
classical light-powered, rotating vane most often seen in mall novelty
stores. But this radiometer is the world's smallest, with blades as thick as
a human hair and a diameter about that of an eyeglass screw.
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The radiometer you would find at a toy store looks like a weathervane
housed in a light bulb. It has four blades placed propeller-style on a rod.
Each blade is black on one side and silver on the other and when sunlight
shines on it, the black side absorbs more light than the silver side and
heats up. As with a light bulb, most of the air is removed from the
radiometer, leaving a thin, low-pressure atmosphere inside. The air
molecules near the black surface get warm, while the air molecules on
the silver side of the blade stay cool. That creates a strong temperature
difference between the two sides.

It’s this temperature difference that causes the air to flow and makes the
propeller spin, generating a miniscule amount of power, but enough to be
useful. By modifying the design and applying a high-tech coating to the
blades, they were able to remove the bulb and make it small enough to
navigate human arteries.

“When there is a temperature difference between the gas and the room,
there’s a flow of air,” said Li-Hsin Han, of the University of Texas at
Austin who headed up the team of researchers. “We needed a tiny little
motor to place at the end of a catheter, and we realized we could build a
micromotor much smaller for cheaper—and with less effort—using this
method.”

The approach is part of an effort to get high quality, 3D-images from
inside arteries and blood vessels using a technique called optical
coherence tomography (OCT).

“OCT is a lot like ultrasound except it’s a light-based approach, but it
gives you a higher resolution so you can see greater detail,” said co-
author Chris Condit, an engineering grad student, also at the University
of Texas. The micromotor would be attached to a catheter and an OCT
imaging device and then inserted in an artery in the leg. The catheter
could then be snaked through the veins and up the body to look for
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things like plaque buildup in the heart. Because there’s obviously no
sunlight in the body, this light-mill pulls its power from a laser run up
through the center of the catheter.

However, not everyone is convinced with the capabilities of the device.
Kris Pister, a micromotors expert at the University of California,
Berkeley, thinks the device is more of a scientific curiosity and doubts
the device will be efficient enough to have the applications Han and his
team hope for.

“I think it's neat research, but wouldn’t place too much faith in their
application claims,” Pister said.

But according to Han, the FDA is reluctant to allow devices requiring
any more than the tiniest voltage inside of veins and arteries. He argues
that the micromotor fills a very real need and that they built it with that
specific need in mind; the radiometer produces enough voltage and
torque to move a tiny mirror at the end of the catheter. Normal
micromotors produce more voltage can be used safely in an artery, he
said.

“If you just have a small amount of electricity leak into the blood vessels
you can have major problems,” Han said. “One volt is the most that we
can have in a blood vessel.”

Building the motor, however, required an all-around reinventing of the
century-old toy. When the group first conceived of the idea, they thought
they could just miniaturize it and have a working power source. Han sent
graduate student Chris Condit to an Austin toy store called Toy Joy, to
buy some radiometers to take apart and figure out what it would require.
The store is a frequent hangout for area hipsters with vegan soft-serve
ice cream, two-headed baby dolls and walls covered in bizarre toys.
Condit took the toys back to the lab and broke them into pieces, then he
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put them back together in a miniaturized form and modeled how much
air the tiny motor would need.

The team’s first attempt to simply miniaturize the light-mill didn’t work.
The technology required to shrink the design small enough for use in a
blood vessel was too expensive, so they gave up on the project.

Then last year Han had a realization: because the radiometer simply
relies on differences in air temperature, he could do away with the
century-old flat vane design. He curved the vanes and coated them with
gold nanoparticles to increase their absorption. The effect is that more
light is absorbed on one side of the vane and a temperature difference
still drives the rotation.

Condit admits the device is still in its infancy and will need some
refinement before it can be put to use, but he still has high expectations.
As a childhood cancer survivor and creator of the world’s longest annual
charity bike ride—the Texas 4,000 for Cancer, which runs from Austin
to Alaska—he hopes the micromotor will eventually find uses in cancer
imaging.

“It has yet to realize its full potential,” said Condit. “There’s still a lot of
work left to be done.”
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