
wood pines or hardwood oaks. To explore that connection, the
researchers took quite different samples—meter-long beech rods
and centimeters-long pencil leads—held them horizontally from
one end, and added weight to the other end until they broke.
They found that the critical radius of curvature at which the rods
broke was independent of length and scaled with the 3⁄2 power of
the diameter. That’s consistent with having stress-concentrating
defects whose typical sizes scale with the rod diameter. Back out-
side, the wind’s bending force is distributed over a tree’s length
and width. Indeed, one would expect tall, skinny trees to break
more readily than short, thick ones. But trees tend not to be both
tall and thin simultaneously; rather, they top out at about 1⁄4 of
their self-buckling height. Incorporating that allometric relation-
ship, the researchers obtained a formula for the critical wind
speed that depends only weakly on tree size. Further accounting
for wind gusts yields a value for that critical wind speed sugges-
tively close to what was actually observed. (E. Virot et al., Phys.
Rev. E 93, 023001, 2016.) —RJF

TOWARD A SOLAR-POWERED LASER
To most people, the phrase “solar energy” conjures up images of
photovoltaic panels or solar thermal collectors. But one long-
 explored application is the solar-pumped laser, which offers the
promise of greater efficiencies both in generating coherent radia-
tion and in converting the Sun’s energy into usable forms. Re-
search on such devices dates back 50 years. Solar irradiation can
average several hundred watts per square meter at Earth’s sur-
face, yet early prototypes never produced even 0.1 watt per
square meter of sunlight-collecting mirror. One path toward
higher efficiencies lies in appropriating a wider swath of the solar
spectrum. Doping a common laser material, neodymium-doped
yttrium aluminum garnet (Nd:YAG), with chromium ions has
shown promise. Shermakhamat Payziyev and Khikmat Makhmu-
dov of the Uzbekistan Academy of Sciences now report on a re-
finement to further improve performance: shifting the spectral-
harnessing responsibilities to a separate region that couples to
the laser’s active region. In the pair’s model, a mirror focuses 
sunlight into the Nd:YAG active region, which has been further
doped with cerium ions and which primarily absorbs in the 
yellow and red. Photons of other colors travel down to an end
cap containing Cr-doped gadolinium scandium gallium garnet
(Cr:GSGG), which primarily absorbs in the blue-violet and orange

regions of the solar spectrum and reemits in the red; a mirror 
reflects the emitted red photons back into the Nd:YAG. The
Cr:GSGG therefore effectively serves as a frequency converter
that channels much more of the solar energy into the laser. In
their simulation the researchers found up to 32% of the incident
sunlight going into the laser light. The pair notes that even
higher outputs should be possible by separately optimizing the
regions’ operating temperatures. (S. Payziyev, K. Makhmudov, 
J. Renew. Sust. Ener. 8, 015902, 2016.) —RJF

A GENTLY AERATED BED OF GLASS BEADS SORTS 
OBJECTS BY DENSITY
When air is injected at a high enough rate into the bottom of a
container filled with powder, the powder bed can go from a
solid-like state to a fluid-like one. Objects dropped onto the so-
called fluidized bed sink or float depending on their density. The
phenomenon finds use in industrial-scale separators like the one
pictured here, which sorts plastics for recycling. Now Jun Oshitani
of Okayama University in Japan,
Derek Chan of the University of
Melbourne in Australia, and
their colleagues have found
that the same job can be done
with lower air flow rates that
don’t fully fluidize the powder
and require less energy. The 
researchers dropped 3-cm-
 diameter hollow plastic spheres
filled with varying amounts of iron or lead onto a gently aerated
bed of 0.25-mm- diameter glass beads. Unexpectedly, for sphere
densities between 1 and 1.3 times that of the bed, the less dense
the sphere was, the deeper it sank into the bed. Further, the final
depth of a sphere could be controlled by changing the air flow
rate. The researchers conjecture that when the sphere density is
close to that of the bed, rising air can lift the sphere slightly. The
void that forms below the sphere allows air flow to increase and
locally fluidize the bed near the sphere. But because they monitored
the sinking spheres with a counterweight connected to the sphere
by a line through a pulley, the researchers aren’t certain what’s
happening inside the opaque bed. To find out, they plan to turn
to MRI, high-speed x-ray imaging, or other more sophisticated
tools. (J. Oshitani et al., Phys. Rev. Lett. 116, 068001, 2016.) —SC PT
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Before they were discovered, Neptune
and Pluto were conjectured to explain dis-
crepancies between planetary orbits and
Newtonian expectations. Now a pair of as-
tronomers from Caltech, theorist Konstan-
tin Batygin and observer Michael Brown,
have proposed that our solar system in-
cludes a new planet. But Planet Nine, as
they call it, doesn’t explain small orbital
perturbations; instead it accounts for un-
likely similarities in the orbits of six ob-
jects, among them the minor planet
Sedna, located far away in the Kuiper Belt.
The figure shows those orbits in purple;
the length of Sedna’s semimajor axis is
about 500 AU (Earth–Sun radii); Pluto’s 
is 40 AU. For all six, the semimajor axis
points in about the same direction, and 

all six orbits are inclined by 30° or
so with respect to Earth’s orbit.
Having calculated that the likeli-
hood of such a coincidence is
0.007%, Batygin and Brown ex-
plored the possibility of a gravita-
tional mechanism to shepherd the
Kuiper Belt objects into their similar
paths. Analytical calculations and N-body
simulations established that Planet Nine
could plausibly account for the similari-
ties, provided it is at least 10 times as 
massive as Earth and orbits in the plane 
of the six objects along the trajectory il-
lustrated in yellow. Surprisingly, the theo-
retical work also implied that some Kuiper
Belt denizens have orbits nearly perpendi-
cular to Earth’s. Five such bodies have

been spotted. The Caltech model is silent
as to where the putative Planet Nine cur-
rently lies on its 10-millennium journey
around the Sun. If it’s not too close to its
aphelion, telescopes should have already
spotted it, and it might be in old, over-
looked data. At aphelion, the biggest tele-
scopes on Earth could still spot it. (K. Baty-
gin, M. E. Brown, Astronom. J. 151, 22,
2016.) —SKB

A GIANT PLANET IN THE KUIPER BELT


