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beam scanned the interface between silicon and silicon diox-
ide. (O. L. Krivanek et al., Nature 514, 209, 2014.) —RMW

Asmart wall for cell phones and tablets. Most of our of-
fices and homes reverberate with unseen microwaves

that are emitted by a Wi-Fi box or other base station and,
hopefully, interact with our wireless devices such as cell
phones, laptops, and tablets. Sophisticated antennas in those
devices help to capture the multiply scattered waves as they
zip by (see the article by Steve Simon and coauthors, PHYSICS
TODAY, September 2001, page 38). Still, reception is often
spotty at best. To optimize reception, Mathias Fink, Geoffroy
Lerosey, and their colleagues at Institut Langevin in Paris are
looking at the environment. Using ideas from time-reversal
acoustics (see Fink’s article in PHYSICS TODAY, March 1997, page
34) and spatial light modulators in optics, they engineered
tunable metamaterial panels that focus wireless signals onto a
wireless device, say a cell phone. Their prototype spatial mi-
crowave modulator (SMM) has 102 unit-cell “pixels,” each with
two resonators and a feedback loop to the cell phone. When a

wave at a resonant frequency impinges on a pixel, the sec-
ondary resonator adjusts the pixel to reflect with a phase shift
of either 0 or π, depending on how the feedback loop is set
by the cell phone. The researchers carried out tests with a 
0.4-m2 SMM mounted on one wall in a complex reverberant
office room. The SMM enhanced the overall signal centered
on the cell phone (at the origin in the figure) by more than an
order of magnitude even when the SMM, the source, and the
phone were out of each other’s line of sight. When the SMM
flips the phases, the waves cancel at the phone. According to
Fink, not only can such a “smart wall” reduce power needs for
wireless communication, but SMMs can enable microwave
wavefront shaping for fundamental physics. (N. Kaina et al.,
Sci. Rep. 4, 6693, 2014.)  —SGB

Hawking radiation from fluids. The remarkable black hole
radiation predicted 40 years ago by Stephen Hawking has

never been observed. But an analogous phenomenon has
been seen by Jeff Steinhauer (Technion–Israel Institute of
Technology) in a Bose–Einstein condensate (BEC) of rubidium-
87 atoms. In the analogue fluid system, sound plays the role
that light does for a black hole, and a region in which the fluid
flow exceeds the speed of sound substitutes for the light-
trapping interior of the black hole (see also PHYSICS TODAY, 
August 2005, page 19). To generate an analogue black hole
horizon separating supersonic and subsonic flow, Steinhauer

accelerated a portion of
the BEC by illuminating
it with a half-moon-
shaped laser spot. More-
over, the potential Stein-
hauer used to confine
his BEC created a second,
inner horizon down-
stream of the black hole
horizon, where the flow
again became subsonic. The two horizons are indicated on
the figure, which shows time-lapse images of the BEC (the top
panel is the earliest). Hawking phonons generated at the
black hole horizon carry energy away from the supersonic
flow region; to conserve energy, the BEC must also accommo-
date negative-energy modes. Those modes rattle around be-
tween the two horizons. The interference between left-moving
and right-moving waves creates the fringes seen in the figure.
The increasing intensity and contrast with time reflect the 
exponential growth of negative energy accompanying the
continuing emission of Hawking phonons. (J. Steinhauer, Nat.
Phys. 10, 864, 2014.)  —SKB

Reversed diffraction in bio-inspired photonic materials.
Certain butterflies, beetles, and other organisms have

evolved intriguing strategies to manipulate their outward ap-
pearance through structural coloration, in which perceived
color arises from periodic features in the underlying morphol-
ogy. (See, for instance, the Quick Study by Peter Vukusic,
PHYSICS TODAY, October 2006, page 82.) Four years ago, Jean
Pol Vigneron and colleagues at the University of Namur in Bel-
gium reported a surprising property of male butterflies of the
species Pierella luna: A coin-sized iridescent region of their
wings will, like a diffraction grating, spectrally decompose in-
cident white light, but the color sequence is the reverse of
what one would expect—violet light emerges at a shallow
angle, closer to the wing, while red light emerges at a steeper
angle, closer to the wing’s perpendicular. A close examination
of the wing’s scales revealed the cause: The scales’ ridged tips
curl up, away from the wing, forming in essence a vertical
transmission grating. Inspired by P. luna, Grant England,
Joanna Aizenberg, and colleagues at Harvard University have
fabricated an ordered array of vertically oriented microdiffrac-
tion gratings, shown here.
Each grating mimics a
wing scale, and the scal-
lops reproduce the color
reversals. But the combina-
tion of length scales—the
500-nm periodicity of each
micrograting and the or-
thogonal, micron-scale
spacing of the grating
array—generates further
richness and complexity in
the structure’s optical signature. For example, the researchers
found that tilting the grating pillars could provide a way to
dynamically tune the diffraction pattern. They anticipate that
hierarchically structured photonic materials will provide a
broad platform for further exploring novel behavior and 
applications. (G. England et al., Proc. Natl. Acad. Sci. USA 111,
15630, 2014.) —RJF ■
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