Figure 2. Snapshots of the electric-field
patterns and direction of power flow
(black lines) reveal the eftect of perfect
and imperfect clocking as polarized
microwaves approach from the left.
The cloak lies in the annular region
between black circles and surrounds
a copper cylinder. (a) Simulation of
waves dispersing within an ideal cloak
whose material properties & and
correspond to an exact coordinate
transformation. (b) Simulation of a
cloak whose simplified values of
€ and u are those of the actual device.
(c) Experimental measurement of a

are copper cylinder, uncloaked.
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(d) Experimental measurement of field patterns in the actual clock. In each case the electric field is measured or simulated at
various points along a Cartesian grid. (Adapted from ref. 2.)

microwaves were directed toward it.
Figure 2 compares theoretical simula-
tions with those experimental results,
revealing deviations from the ideal. In
each case, as waves propagate through
the cloak and approach the inner ra-
dius, the wavefronts begin to lag with a
concomitant compression in wave-
length and a reduction in intensity. The

penalty for using the reduced parame-
ter set for € and w is nonzero reflectance
of the incident radiation, as pictured in
figures 2b and 2d. Real materials, of
course, also absorb some fraction of in-
cident radiation. Nevertheless, the de-
vice dramatically reduces backward
and forward scattering of microwaves,
compared with the case where the

waves are incident to an uncloaked cop-
per cylinder (figure 2c).

Other researchers have recently pro-
posed alternative invisibility schemes.?
In 2005 the University of Pennsylvania’s
Andrea Alu and Nader Engheta pro-
posed the use of a plasmonic shell that
suppresses scattering by resonating in
tune with the incident radiation. The

Supplementary material
related to these items
can be found at
www.physicstoday.org.

Ball lightning in the lab. Seen infrequently and never scientifi-
cally studied in nature, the meandering globes of light known
as ball lightning have nevertheless been reported thousands of
times over the past few centuries, usually in the warm summer
months when thunderstorms abound. Many dozens of theories
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have arisen, but few can explain the most puzzling properties
of the atmospheric phenomenon—the balls, which can range in
size from 1 cm to 1 m, last up to 10 seconds and move unpre-
dictably through the air. They have even entered houses
through chimneys and squeezed through small openings. One
recent theory says that ball lightning arises from silicon
nanoparticles that form in the soil when silicon oxides react
with carbon. When a lightning strike vaporizes the oxides into
metallic silicon, the vapor subsequently condenses in the air,
electrostatically bound and glowing with the heat of oxidation.
A team of physicists and chemists in Brazil has now given cre-
dence to that so-called Abrahamson-Dinniss theory. They
mounted a silicon wafer on a steel plate and completed an
electric circuit by touching the wafer with a movable tungsten
or graphite electrode. When the electrode was slowly removed,
an electrical arc formed with hot tiny silicon fragments flying
everywhere. But at a separation of about 1-2 mm, luminous
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spheres formed and also flew off. The resulting balls were
1-4 cm across, had lifetimes up to 8 seconds, moved at speeds
of 5-30 cm/s, and decayed with no trace. The figures show
one such ball, at 80-ms intervals, passing through a small gap
under an electrical conductor. The experiments were done in
conditions not very different from those found in nature: room
temperature, normal atmospheric pressure, and 70% relative
humidity. (G. S. Paiva et al., Phys. Rev. Left., in press.) —SGB

Guided atom laser. A trapped cloud of atoms chilled into @
Bose—Einstein condensate is a single coherent structure. When
extracted from the trap and allowed to propagate, it acts like a
laser beam, except that the coherent waves are of matter rather
than light. In a typical atom laser, the atoms are released and
accelerated by gravity, a process that decreases the atom
laser’s de Broglie wavelength. Now, physicists from the Institut
d'Optique Graduate School in Palaiseau, France, have cou-
p|ecrJ atoms from an optomagnetic BEC trap to a horizontal
optical waveguide, which generated a quasi-continuous atom
laser, impervious to gravity and having a constant de Broglie
wavelength of 0.5 um. The RF coupling converts the atoms
from a magnetic to a nonmagnetic state, and they emerge with
a typical velocity of 9 mm/s and a velocity spread of just a few

um/s, driven along a Magentic trap
confining beam of g V4 Optical guide
light, as shown in the 5 BEC

S

figure. Chan?ing the
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exciting electromagnetic field induces
in the shell a series of multipole mo-
ments that effectively cancel some of
those of the object inside it. But the
properties of the object being cloaked
and of the cloak itself would have to be
carefully matched. The scheme thus
lacks the generality that Schurig and his
colleagues achieved: In their device
anything —from mouse to missile—can
be cloaked, provided it fits within the
cloak’s dimensions.

Romulan dreams

Because the cloak is dispersive—as it
must be since the phase velocity of
waves inside the cloak exceeds the
speed of light in free space—the band-
width over which it works well is nar-
row; Schurig and coworkers performed
their proof-of-principle demonstration
at a single frequency of 8.5 GHz.
The microwave-frequency region has
plenty of relevance in today’s world,
though, and one can imagine an even-
tual replacement to radar evasion and
stealth technologies in aircraft—a la
Romulan cloaking of Star Trek fame.
According to the University of
Rochester’s Allan Greenleaf and col-

leagues, invisibility is not restricted to
passive objects. Active sources and
sinks—cell phones and computers, say,
or anything else that emits or receives
a signal —may also be cloaked, at least
in principle.®

Metamaterials based on a nonreso-
nant circuit design might overcome the
bandwidth problem to some degree.
But extending the response to optical
frequencies is trickier. Today the
nanometer-scale lithography required
to shrink circuit components to frac-
tions of the wavelength of visible light
is routine. But the electric permittivity
of metals at optical frequencies is sev-
eral orders of magnitude lower than it
is in the microwave region. Electrons
simply can’t follow the oscillations in
the electric field nearly as well at such
high frequencies.

Creating 3D cloaks isn't easy either.
The difficulty lies in designing a cloak’s
configuration to produce all the needed
variations in the tensor components of
& and p. Traditional metamaterials are
assembled from 2D planar sheets that
typically intersect each other in a cubic
lattice. The Duke-Imperial College de-
sign veered from tradition by bending

sheets into cylinders to form a metama-
terial that is semicrystalline—periodic
in 6 and z but amorphous in the radial
direction. The next-generation design
may incorporate spherical circuit con-
figurations and more exotic topologies.
But according to Pendry, that shouldn’t
surprise us. “The more you think about
Maxwell’s equations, the more you re-
alize that geometry is at their heart.”

Mark Wilson
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researchers showed that the coupling is 100% efficient; no
atoms are lost during extraction and transport along a 1-mm
guide. The new atom laser opens promising prospects for
applications in atom interferometry and more fundamental
studies of matter-wave propagation. (W. Guerin et al., Phys.
Rev. Lett. 97, 200402, 2006.) —PFS

A prism for x rays. With far more energy than visible light,
x rays reflect from surfaces only at glancing angles and with lit-
tle wavelength-dependent spreading. Bragg diffraction in a
crystal allows for scattering of x rays through larger angles
because the incoming x rays scatter from numerous atomic
planes beneath the surface. With a normally cut crystal, though,
there is still little dispersion. Physicists using the Advanced Pho-
ton Source at Argonne National Laboratory have now spread
out a beam of x rays into a rainbow of colors with the help of
an asymmetrically cut crystal, whose atomic planes are not par-
allel to the crystal surface. The effect is strongest when the
reflecting atomic planes are nearly perpendicular to the surface;
then exact backscattering occurs not at normal incidence fo the
planes but at an angle that depends on the x-ray energy. The
diffracted x-ray beam is spread out prismatically into its com-
ponent wavelengths. In the experiment, an incoming beam of
9-keV x rays with angular spread of only 1 microradian was
backscattered into a rainbow with an angular dispersion of
230 prad. According to team leader Yuri Shvyd’ko, the new
technique can lead not only to a new type of x-ray monochro-
mator and to very-high-resolution x-ray spectrometers but also
to compression of x-ray pulses in time. (Y. V. Shvyd'ko et al.,
Phys. Rev. Lett. 97, 235502, 2006.) —PFS

A piconewton force sensor. Many forces in the world of cell

biology are at the piconewton (1072 N) level. Examples include
the force applied by the kinesin molecular motor protein to
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transport vesicles (6 pN), the force needed to unzip a DNA
molecule at room temperature (9—20 pN), and the force need-
ed to rupture a DNA molecule by pulling on opposite ends
(65 pN). Biophysicists need a cost-effective force sensor in this
range that works reliably in water and other solvents, and
Steven Koch and his colleagues at Sandia National Laborato-
ries are working on one. The core of their device is a spring
0.5 mm long but only a micron thick, fabricated using a stan-
dard micromachining process and having a spring constant of
about 1 pN/nm. (The figure shows a stiffer and shorter—
186 um long—spring between the combs.) Mounted on a sub-
strate, the spring can be used in a number of ways: For exam-
ple, it can be en- e ——
trained to move with |- '
the push or pull of a
biological sample, or
it can be made sensi-
tive to magnetic fields
and function as a
field sensor. It is also |
relatively insensitive [
to its environment,
including tempera-
ture and solvent. The :
displacement of the spring is currently viewed with 2-nm preci-
sion by a video camera, but faster and more precise methods
are possible. Koch says the most likely applications of the new
sensor will be to measure forces on magnetic microspheres
used in single-biomolecule experiments and to calibrate the
electromagnets used in deploying microspheres. The Sandia
sensor could also be adapted to apply an adjustable tension to
single DNA molecules in order to study protein binding or
enzymatic processes. (S. Koch, G. E. Thayer, A. D. Corwin,
M. P. de Boer, Appl. Phys. Lett. 89, 173901, 2006.) —pFs M
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