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Eric J. Lerner

Baltimore Orioles second base-
man Brian Roberts has been

testing these deep amber, per-
formance-enhancing contact

lenses during daytime games. 

DID YOU KNOW?
This summer, a few professional

athletes will look more fiery-eyed
than usual on the playing field or 
tennis court— thanks to the latest in
performance-enhancing contact
lenses. The lenses, called MaxSight,
have deep amber and orange tints
designed to give wearers a better
view of the ball and to protect eyes
from the sun during daytime sporting
events. Co-developers Nike and
Bausch & Lomb are keeping mum
about the new product until 
an official launch later this summer.
But Stan McNeal of The Sporting News
reported on April 21 that at least
seven major league baseball players,
tennis star Roger Federer, several
D.C. United soccer players and 20
athletes at the University of Miami
are trying out the new lenses. —
Patricia Daukantas
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Scatterings

I t is well known that a person’s per-
ception of the “albedo” (lightness) 

of objects depends on the objects’
surroundings—the contrast effect.
However, researchers have debated
about how the eye-brain system pro-
cesses raw information to create percep-
tions of lightness. Does the brain, like a
computer, work its way up from pixel-
by-pixel comparisons? Or does it use all
the information in a person’s visual field
to form an overview, or gestalt, which 
is then filtered down to the individual
regions of the scene? In other words,
is visual perception a “bottom-up” or 
“top-down” process?

A pair of scientists, Barton L.
Anderson of the University of New
South Wales School of Psychology 
in Sydney, Australia, and Jonathan
Winawer of the Massachusetts 

Institute of Technology, recently
devised illusions that they believe
unequivocally demonstrate that the

(Top) In this
static version 
of the lightness
illusions studied
in Anderson 
and Winawer’s
experiment, the
corresponding
textured disks
on the dark 
and light back-
grounds are
physically iden-
tical. (Bottom)
The surround-
ings in these
images have
been rotated
90º from 
the previous
images, thus
destroying 
the lightness
illusion.

Through a 
Cloud Darkly 
(Or Brightly)

brain forms an overall layered represen-
tation of images (Nature 434, 79). For
the entire image surface, the brain
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both ends of the mouth, on the chin and
earlobe. Groups of two or three prick
marks were found together. The pricks
could indicate that van Eyck used
dividers, a common geometric tool at the
time, to measure critical distances on the
drawing, and then used a geometric con-
struction to make the enlargement. That
technique alone could easily enlarge the
drawing by a factor of the square root of
2, or 1.41—the actual ratio that was used.

In addition, the researchers found
that, in all the regions close to the prick
marks, the painting and a mathematical
enlargement of the drawing accurately
coincided. But in other areas, there were
considerable differences—including a
significant repositioning of the ear. Such
discrepancies, the researchers concluded,
would be easy to understand if dividers
were used in only some places, but
impossible if the painting’s outline had
been traced from an optical projection.

Falco, who is an optical scientist at the
University of Arizona, counters that the
number of pinpricks that the authors
found—nine holes in five locations–was
far too small to have resulted from the
painter’s use of a divider to copy the
drawing with sub-millimeter fidelity to
the original. “Since holes cannot be fin-
gerprinted or carbon dated, there is no
way to know who made those pinpricks.”

Portrait of 
a Cardinal
(Niccolò
Albergati)
by Jan 
van Eyck, 
c. 1438.

Silverpoint on
paper drawing
for Portrait of
a Cardinal, 
c. 1435.

Superimposi-
tion of silver-
point drawing
(red) and
painting (blue).
[Illustration 
by Bernard
Illerhaus.]

For the past several years, artist David
Hockney and scientist Charles Falco

have created a minor tempest with their
speculations that Renaissance artists
traced their paintings from images cre-
ated by lenses (OPN, July 2000, p. 52).
Many art historians reject these claims,
however, arguing that other techniques
could easily have created the paintings’
illusion of realism. For example, Jan van
Eyck and other masters could have used
almost lapidary stokes in critical areas
and other then-new painting techniques
to create a striking appearance of jewel-
like reality.

In the latest salvo in this debate, a
team of art historians and scientists from
Germany and France have re-inlayed a
famous van Eyck portrait of a cardinal
and the silverpoint drawing on which the
painting was based (The Burlington
Magazine, March 2005, p. 170). Both
works were completed between 1435 and
1438. Hockney had proposed that van
Eyck used a concave mirror both to assist
in creating the drawing and then to
transfer it to the canvas; in the process,
the image would have been enlarged by
about 40 percent.

The team examined the drawing
microscopically and found a pattern of
prick marks at certain points on the
paper—on the outline of the left eye, at

Staatliche Kunstsammlungen, DresdenKunsthistorisches Museum, Vienna; Photo by Andrea Kapuscik

Van Eyck’s Dividers: Simple Geometry?

explicitly separates spectral reflectance
from conditions of illumination and
atmospheric clarity.

Anderson and Winawer created pat-
terns that appear to be objects viewed
through a light or dark obscuring
medium, like clouds during the day or
night. In one example, they took disks
and overlaid them with a continuous 
pattern of light and dark. First, they
manipulated the pattern so that every
point around the border of the disk 
was darker than the immediately 
adjacent area. In a second case, the 
disks were lighter than their surround-
ings. The actual albedo patterns on 
each set of disks were identical in the 
two cases.

As shown in the figure, the disks
appear black in the first case and white
in the second. The viewer perceives
variations in the degree of contrast
between disk and background as 
variations in the transparency of the
obscuring medium.

The researchers explain that the 
brain generates the illusion by forming 
a pattern based on the partially obscured
objects. The brain takes the least
obstructed portions of the disks to be the
“true” albedo and assigns that value to
the entire disk. The lightest part of the
scene is assigned the perception of white-
ness; the darkest, blackness.

To verify that the brain makes a global
perception, rather than a point-by-point
comparison, the researchers rotated each
of the disks by 90 degrees, so that the pat-
terns were no longer continuous across
the borders of the disks. This rotation
destroyed the illusion that the disks were
in the background and that they were
obscured by objects in the foreground.
The disks in the two cases now appear as
identical in albedo and are “floating” in
front of the cloudlike pattern instead of
obscured behind it.

Anderson and Winawer conclude that
purely local mechanisms that generate
contrast with point-by-point compar-
isons cannot explain these illusions.
Instead, they contend, the brain must 
be using information from the entire
image—or at least the entire disk—to
determine which layers of the image are
obscuring which, and therefore what the
real albedos of the objects are.
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Scientists at the Risø National Laboratory in Roskilde, Denmark, have
developed an optical tweezers system that moves tiny particles in

three dimensions at the click of a mouse (Appl. Phys. Lett. 86, 074103).
The system converts an 830-nm laser beam into an array of indepen-
dently controlled optical traps that can move many particles simultane-
ously. The traps are made by passing the beam through a spatial light
modulator and spatial polarization modulator, both controlled by a com-
puter. As the light intensity and polarization change, particles can be
moved about. Jesper Glückstad, leader of the research team, says that
the device has applications in sorting cells for stem-cell research and in
seeding crystal growth, among other fields.

DID YOU KNOW?

Particles in one plane

Particles in three planes

Scientists coordinated the patterns of these 25 commercially dyed polystyrene
spheres and formed the letters “GPC” in two (left) and three dimensions. The
spheres have a diameter of 3 µm.

“Previously, purely optical imaging 
methods of the skin detected singly
backscattered photons to achieve spatial
resolution,” explained Lihong Wang,
the principal investigator of the team.
“But scattering is so severe that it’s
impossible to get a signal from depths 
of more than 1 mm in most cases.”

Instead, the team took a laser beam
tuned to 532 nm (green) and delivered 
a 6.5-ns pulse. The radiation was prefer-
entially absorbed by blood, which heats
and expands, creating an ultrasound
pulse that is detected by a 50-MHz cen-
ter frequency wideband focused ultra-
sonic transducer. The ultrasound wave
was then focused to produce an image,
and depth information was obtained 
by measuring the time of return of the
ultrasound pulse. A 15-�m depth reso-
lution and 45-�m lateral resolution 
was achieved.

The experiments yielded penetration
depths of 3 mm with rat skin, but the
team believes that they can obtain much
higher penetrations — up to 5 cm — 
using 800-nm infrared radiation, which
absorbs far less.

The technique will enable medical
researchers and clinicians to determine
the degree of oxygenation in blood ves-
sels, given that blue, unoxygenated blood
absorbs far more red radiation than red,
oxygenated blood. Such information
could help physicians detect skin cancers
and other health problems.

M edical imaging researchers are
always trying to increase the 

resolution and penetration of their
instruments, with the ultimate goal of
achieving the same microscopic resolu-
tion in living tissue that can be obtained
by biopsy, thus eliminating the often
painful process of taking biopsy samples.
In a step toward creating “virtual biop-
sies,” a Texas A&M University team has
now developed dark-field photoacoustic
tomography—a major improvement 
over the conventional photoacoustic
microscopy that has been a mainstay 
of materials studies—to obtain 15-�m
resolution in living tissues at depths of
up to 3 mm (Opt. Lett. 30, 625).

In photoacoustic tomography, a laser
pulse penetrates a translucent sample.
More absorbent—and thus darker—
portions of the sample are suddenly
heated by the absorbed light and expand
slightly. This pulse of expansion in turn
generates an ultrasonic pulse that an
ultrasonic transducer can pick up. In

this manner, clear images can be gener-
ated from the ultrasonic pulses, even
though the photons producing the heat
are strongly scattered.

Until recently, photoacoustic imaging
had been used exclusively for solid-state
materials, in which the objects of interest
were close to the surface. But the Texas
team decided to modify the technique to
probe deeper into living tissues.

Making Skin
Transparent

Design of the photo-
acoustic sensor of the
imaging system used
for the tomography
experiments.

(a) Image resolution test with a bar chart embedded 4 mm deep in a tissue phantom. 
(b) Imaging depth test with a black double-stranded cotton thread embedded obliquely in 
the abdominal area of a rat. Arrows mark the skin surface (1) and the thread (2).

Ultrasonic transducer
Optical fiber

(a) (b)
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Steady-state
field distribu-
tion in the
Fujisawa-
koshiba 
example of 
a photonic 
crystal with 
a waveguide
bend. [To
appear in IEEE
Trans. Magn.
41 (2005)]

If you have a story idea, 
please send it to Scatts@osa.org.

T he long-term goal of all-optical
computing requires all-optical

switches—devices that switch light on
and off by means of another light sig-
nal—without conversion at any point
into an electronic signal. Researchers
have tried for years to create such
switches using nonlinear effects, which
would induce changes in the refractive
index of a material based on the inten-
sity of light. But so far, no such device
has combined the fast switching times,
high switching efficiency (contrast of
“on” and “off” states) and low switching
power needed for practical applications.

Recently, photonic crystals have
emerged as potential candidates for
optical switching devices. Such crys-
tals—regular arrays of holes in a mate-
rial—have band gaps, or ranges of
wavelengths that cannot be transmitted.
These gaps are sensitively dependent on
the refractive index of the material.
However, switching efficiency has 
been low.

Physicists at the Institute of Physics
and Center for Condensed Matter Physics
of the Chinese Academy of Science in
Beijing, China, have now overcome this
limitation. They used a photonic crystal
made of polystyrene to create an optical
switch with 60 percent efficiency and a
10 ps switch time (Appl. Phys. Lett. 86,
121102).

The crystal consists of 90-nm-radius
air holes with a lattice spacing of 220
nm. The entire crystal is only 3 � 100
µm with a thickness of 300 nm. The
pump laser, at 1,064 nm and 16.7
GW/cm2 intensity, shifts the edge of the
band gap (the smallest wavelength that
is blocked) by 10 nm—just enough to
block the probe beam of 519 nm.
Transmittance drops from 85 percent 
in the “on” state without the pump 

All-Optical
Switching with 
Optical Crystals

beam to 20 percent in the “off” state.
The transition between the two states
takes only 10 ps in either direction.

Clearly, the amount of energy
involved in the switch is still many

orders of magnitude above that for elec-
tronic switches, but the new research
may lead to large reductions in switch-
ing energies by optimizing the proper-
ties of the optical crystal.

Igor Tsukerman

http://coel.ecgf.uakron.edu/igor/public_html/Research/Igor_Research.htm


