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R esearchers have demonstrated a 
spinning liquid mirror design that 

could be used for the main mirror of 
a huge infrared telescope based on the 
moon.

Extraterrestrial telescopes don’t need 
to address the atmospheric scattering and 
light pollution that plague ground-based 
telescopes. They also are limited in the 
infrared by black-body emission.

Astronomers who want to investigate 
the early universe would like to obtain 
images from a very cold and very stable 
infrared telescope with a huge aperture 
from 20 to 100 m in diameter. Such a 
telescope could be used to observe objects 
100 to 1,000 times fainter than the pro-
posed next generation of space telescopes.

For extraterrestrial telescopes, how-
ever, complexity and weight are limiting 
factors—it costs thousands of dollars 
per ounce to boost materials into space. 
Sending such a large glass mirror to the 
moon is obviously impractical. One pos-
sible solution to the size, complexity and 
mass problems is to use a spinning liquid 
mirror. Reflective metal liquids make very 
good flat mirrors, and if the container 
spins (and is in a gravity field), they can 
form parabolic mirrors. Multi-meter-di-
ameter mirrors have been demonstrated 
on Earth and require much less mass than 
a glass mirror.

An international group of researchers, 
led by Ermanno Borra at Laval University 
in Quebec recently suggested creating the 
main telescope mirror from an ionic fluid 
coated with a thin film of silver (Nature 
447, 979).

They demonstrated a small mirror 
in this design, which is both stable for 

Ionic Liquids for 
Lunar-Telescope 
Mirrors?

months and smooth enough for the 
application (see above). The research-
ers made two breakthroughs: first, in 
vacuum-depositing a mirror onto a 
liquid; and second in finding a liquid that 
doesn’t evaporate in vacuum, is highly 
viscous, and stays liquid at very low 
temperatures.

Unlike salt water, which is an ionic 
solution, ionic liquids are comprised en-
tirely of ions. Although sometimes called 
“molten salts,” many room-temperature 
ionic liquids have been developed over the 
past decade as green solvents for industrial 
applications. The ionic liquid used by the 
researchers does not evaporate in vacuum 
and remains liquid down to 175 K.

The researchers believe that other ionic 
liquids, with even lower melting tempera-
tures, could be made. They are also work-
ing to improve the reflectivity of the silver.

—Yvonne Carts-Powell

Using slight defects engineered into a photonic crystal, researchers created 
the ultimate in small lasers, with a cavity mode volume of only 0.019 µm3—

close to the diffraction limit of light. Kengo Nozaki, Shota Kita and Toshihiko 
Baba at Yokohama National University in Japan built a room-temperature con-
tinuous GaInAsP laser that operates on only a microwatt of power (Opt. Express 
15, 7506). 

The patterning of the holes in the photonic crystal prevents light at most 
wavelengths from existing in the structure, but enhances wavelengths that can 
exist in the region around the defect. 

Previous photonic crystal lasers either required lower temperatures to operate 
or produced pulses, but not continuous emission. C

A cw photonic crystal nanolaser has a lasing 
threshold of only 1.2 mW and a modal volume 
of 0.028 mm3.

Illustration by Tom Connors, University of Arizona

A moon-based 
20-m-diameter 

telescope could 
provide insight into 
the early universe. 
It could image ob-
jects two orders of 
magnitude too dim 

to be seen by the 
next generation of 
space telescopes.

A thin layer of silver floats atop an ionic liquid, 
forming a 2-in. diameter flat mirror.
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Omar Seddiki, University of Laval.
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E ven when cells don’t absorb light, 
they tend to scatter it. This makes 

the structure of eyes in vertebrates a 
puzzle, since several layers of randomly 
oriented, scattering cells cover most of 
the back of the eye, before light arrives at 
the photosensitive cells in the retina. But 
new research shows that light is gathered 
and directed through the tissue to the 
photosensors by cells that act as optical 
fibers. 

The exception to the scattering rule 
appears to be Müller cells, a type of 
specialized glial cell. Glial cells are found 
throughout the central nervous system. 
In the back of the eye, Müller cells sup-
port the function and survival of neurons 
in the retina.

Researcher Kristian Franze at the 
University of Leipzig and others recently 
discovered that these Müller cells, which 
are aligned parallel to each other, act like 
a fiber bundle (Proc. Natl. Acad. Sci. 
USA 104, 8287). The cells’ refractive 
index increases along their length. At the 
end, toward the center of the eyeball, the 
cells have a low refractive index similar to 
that of the vitreous humor. Over most of 

their length, they have a higher refractive 
index than the retinal neurons. 

In mammals, at least (the researchers 
worked mostly with guinea pigs), each 
Müller cell seems to be coupled to one 
cone photoreceptor and some species-spe-
cific number of rod photoreceptors, for 
daylight and dim vision, respectively.

In both effect and shape, the cells act 
as funnels, gathering light and routing it 
past the scattering layers, much as light 
fiber-optic plates. Their shape—broad at 
the light-collecting end and narrow along 
most of their length—leaves about 80 
percent of the retinal volume available for 
other cells and for connecting neurons.

Cells Act as 
Optical Fibers  
in the Eye

Jens Grosche

Long, 
funnel-like 

Müller cells 
act as opti-

cal fibers, 
guiding light 
through the 

retina to 
photosensi-

tive cells.

Yvonne Carts-Powell (yvonne@nasw.org) is a freelance science writer who specializes in  
optics and photonics. [ ]

The glial-
cells team. 


