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alloy of the semiconductors at the
core–shell interface by adding a little
extra Cd into the mixture of Zn and Se
precursors during the synthesis. The
thin buffer layer of ZnCdSe at the in-
terface cures the lattice mismatch be-
tween CdS and ZnSe and removes some
of the strain and defects that otherwise
limit the thickness and degrade the
emission quantum yields. 

Such custom-designed QDs alter
what’s required to achieve optical gain.
Because exciting the biexciton state re-
quires a higher photon energy than a sin-
gle exciton emits, biexciton absorption
can be completely eliminated. If the
pump fluence—that is, incident energy
density—is low enough to populate QDs
with only single excitons, stimulated
emission from those states competes
only with absorption from unexcited
nanocrystals. In that case only two-
thirds of the core–shell QDs require an
exciton to reach gain threshold, and the
remaining one-third require none at all. 

To quantify the relative advantage
that operating in this single-exciton
regime provides, the researchers moni-
tored changes in the photolumines-
cence signal recorded from their
core–shell QDs as a function of the
pumping fluence from a femtosecond
laser (see figure 2). The emergence of
the narrow peaks on top of a broad fluo-
rescence signal marks an evolution
from incoherent fluorescence to coher-
ent, amplified spontaneous emission at
a threshold pumping fluence about
three times lower than required using
biexcitons.

A more impressive advantage of the
core–shell QDs, according to the Uni-
versity of Rochester’s Todd Krauss, is
the long intrinsic lifetime of the single-
exciton excited states, which can be
more than 100 ns thanks to the weak
electron–hole overlap.3 Compare that
with the 50-ps decay time typical for the
multiexciton states of conventional
QDs. As the ratio of threshold fluence

and optical-gain lifetime, the pump-
intensity threshold for lasing can there-
fore be orders of magnitude lower in
core–shell QDs. 

That fundamental difference, argues
Klimov, clears the way for incorporat-
ing QDs into devices that rely on cheap,
low-intensity, continuous-wave lasers—
rather than expensive, ultrafast ones—
to stimulate emission. Although it may
yet take work to improve quantum
yields and reduce scattering and ab-
sorption losses, the next step may be as
simple as placing the dots in a resonant
cavity to create a laser.

Mark Wilson
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Radar reveals Mercury’s molten core
The answer to a long-standing question about Mercury’s interior sheds new light on the formation of
the planet and the origin of its magnetic field.

Mercury’s rotation rate oscillates
with a greater amplitude than it would
if the planet’s core were entirely solid.
That is the conclusion of a team of 
researchers, comprising Jean-Luc 
Margot from Cornell University; Stan
Peale from the University of California,
Santa Barbara; Raymond Jurgens and
Martin Slade from the Jet Propulsion
Laboratory in Pasadena, California; and
Igor Holin from the Space Research In-
stitute in Moscow. They base their find-
ing on recent radar measurements 
and the decades-old data from the
Mariner 10 probe.1

Mercury’s structure is similar to
Earth’s: It contains a dense metallic core
surrounded by a silicate mantle and a
rocky crust. But seismic measurements
provide additional information about
Earth that’s harder to come by in the
case of other planets. It’s known that the
outer part of Earth’s core is molten, due
mostly to the heat produced by ra-
dioactive decay, whereas the inner core
is kept solid under the gravitational
pressure of the outer layers. Although
Earth’s mantle behaves like a fluid over
the long time scales of continental drift,
for faster processes the mantle is best
characterized as a solid. 

Earth’s magnetic field isn’t produced
by the solid inner core, whose temper-

ature is higher than the Curie tempera-
ture of iron and therefore cannot sus-
tain a permanent magnetization. In-
stead, the convection of the molten
outer core produces a self-sustaining
planetary dynamo: The flow of the liq-
uid metal through the magnetic field
generates an electric current, which in
turn enhances the field. (See PHYSICS
TODAY, February 2006, page 13).

In 1974 Mariner 10 detected a weak
Mercurian magnetic field. That came as
a surprise. Because Mercury is less than
6% as massive as Earth, it has a large sur-

face-to-volume ratio. Planetary scientists
expected that it would lose heat rapidly
enough that the core would have solidi-
fied completely. A fully solid core makes
a dynamo impossible but doesn’t neces-
sarily preclude a magnetic field. Mars
and the Moon both have magnetic fields
that emanate from their crusts, magnet-
ized long ago by dynamos that have
since ceased their activity. But the Mart-
ian and lunar magnetic fields are patchy
and uneven, since some parts of the
crusts have retained more of their mag-
netization than others. Mercury’s field

Figure 1. As Mercury
rotates about its axis three
times for every two trips
around the Sun, the gravi-
tational forces (red
arrows) on parts of the
planet create an overall
torque. The resulting oscil-
lation in the spin rate,
called a forced libration,
provides information
about Mercury’s interior.
Here, the eccentricity of
the orbit and the plan-
etary profile are exagger-
ated for effect, and the
red dots are included to
guide the eye.
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has a large dipole component,
which led researchers to won-
der: Might the core be liquid
after all?

Torque from the Sun
In 1976 Peale suggested a way
to determine the state of Mer-
cury’s core.2 As Mercury or-
bits the Sun, it experiences a
small torque due to its slight
asymmetry in the plane of its
orbit, as shown in figure 1.
The resulting oscillation in its
rotation rate is known as a
forced libration. If Mercury’s
core were entirely solid, it
would be rigidly attached to
the mantle, and the entire
planet would experience the
forced libration. But a liquid
layer in the core would mean
that only the mantle and crust
would respond to the torque,
so the libration amplitude
would be larger.

Applying Peale’s method
entails not only measuring the ampli-
tude of the forced libration but also cal-
culating just how big it should be in the
solid-core and liquid-core cases. The
magnitude of the solar torque is pro-
portional to the difference between the
moments of inertia about the two axes
perpendicular to the spin axis. That
quantity is known from the Mariner 10
measurements of Mercury’s gravity, but
with an uncertainty of 50%.

The effect that the torque has on the
spin rate is determined by C, the mo-
ment of inertia of Mercury about its
spin axis, or Cm, the moment of inertia
of the outer layers alone, depending on
whether the core is rigidly attached to
the mantle. Both of those quantities can
be estimated based on models of the in-
terior of the planet. For a homogeneous
sphere of mass M and radius R,
C/MR2 = 2/5. Since Mercury’s mass is
concentrated at its core, it has a smaller
value of C/MR2, between 0.325 and
0.380. Mercury’s large average density
suggests that the core makes up most of
the planet’s volume, so Cm/C is rela-
tively small (less than 0.5). 

There’s an additional constraint on
the three principal moments of inertia if
Mercury is in a so-called Cassini state,
a product of tidal evolution. The Sun
creates a tidal bulge in Mercury’s crust,
similar to but smaller than the tides in
Earth’s oceans, and distinct from the
asymmetry shown in figure 1. Over
time, that ever-moving bulge has
drawn Mercury into a state in which its
orbital and rotational periods are com-
mensurate (in a 3:2 ratio), its spin axis

and orbital plane precess at the same
rate (with a period of 250 000 years),
and the tilt of the spin axis satisfies a
particular relation with the moments of
inertia.

Radar speckles
Peale initially thought that the forced li-
bration could not be measured accu-
rately enough without landing sophisti-
cated equipment on the surface of
Mercury. But in 2001 Margot realized
that there might be an easier way, using
an Earth-based radar technique dis-
cussed by Holin3 and Paul Green.4 A co-
herent beam of light bounced off a dis-
tant rough surface comes back speckled,
with the size of the speckles depending
on the wavelength of the light, the dis-
tance to the surface, and the roughness of
the surface. Shining a laser pointer at a
wall produces small speckles; bouncing
a radar beam off Mercury produces
larger ones, on the order of 1 km. Like the
spots of light reflected from a spinning
mirror ball, the speckle patterns from the
rotating planet sweep across Earth’s sur-
face. By timing the speckles’ trip from
one terrestrial receiver to another, Mar-
got and his colleagues accurately meas-
ured Mercury’s instantaneous spin rate.

For the two receivers (in California
and West Virginia) to see the same
speckles, the line between them must be
nearly parallel to the speckles’ trajectory.
Because the tilt of Earth’s axis constantly
changes the orientation of that line,
there’s only a 20-second window each
day during which proper alignment is
achieved. The limited availability of the

receiving telescopes, along with hard-
ware failures at the two locations, meant
that the researchers needed more than
four years to accumulate 21 usable meas-
urements of Mercury’s spin rate.

Those data points are shown in fig-
ure 2, with two possible fits. The first
(figure 2a), a one-parameter fit that ac-
counts for only the forced libration, isn’t
as good as the second (figure 2b), which
includes two more parameters describ-
ing an additional so-called free libration
with a period of 12 years. Margot and
his colleagues plan to make additional
measurements to confirm the existence
of the free libration and reveal whether
it originates from core–mantle interac-
tions or from the gravitational influence
of other planets, especially Jupiter. 

The researchers performed Monte
Carlo simulations to determine the ef-
fect of the uncertainties in the forced li-
bration amplitude, the Mariner 10 meas-
urement of Mercury’s asymmetry, and
C/MR2. As they considered different
values for each of the three parameters,
they found in the large majority of cases
that the solar torque appeared to be act-
ing on a moment of inertia considerably
smaller than C. Only 5–10% of the trials
indicated that the whole planet re-
sponded to the torque, so they con-
cluded with 90–95% confidence that
Mercury’s core has a molten layer.

Heart of brimstone?
Since Mercury is so small, and since 
it cools off so quickly, how can its core
be liquid? One possibility is that the
melting point of the core is lower than
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Figure 2. Radar measurements (black) of Mercury’s spin rate with respect to its average
spin rate of 1.5 times its mean orbital frequency n. The two fits (red) account for (a) the
forced libration only and (b) the forced libration and an additional free libration with a
period of 12 years. In either case, the amplitude of the forced libration suggests that Mer-
cury’s core is at least partially molten and that the solar torque affects only the solid outer
layers of the planet. If Mercury were entirely solid, the forced libration would be consider-
ably smaller. (Adapted from ref. 1.)
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previously thought. That could happen
if the core is rich in sulfur; just as salt
water freezes at a lower temperature
than fresh water, the melting point of an
iron–sulfur mixture is lower than that
of iron alone. But the material present
at the time and place of Mercury’s for-
mation should not have contained
much sulfur. If Mercury’s core does con-
tain sulfur, it’s likely that the planet was
formed from pieces of material in the
solar nebula drawn in from farther
afield than previously thought.

Mercury is an extreme planet in
many ways. It’s the closest to the Sun, it’s
the smallest of the planets in our solar
system, and its core is, proportionally,

the largest. For those reasons, any new
information about Mercury’s formation
and interior properties will be particu-
larly helpful for understanding planets
under a wider range of conditions.

Instant messenger
Future work for Margot and his col-
leagues includes better characterization
and understanding of the possible free
libration. But the most anticipated de-
velopment will come from the MES-
SENGER spacecraft. MESSENGER’s
trajectory will provide better data on
Mercury’s gravity field, and thus a
more precise measure of the asymme-
try that underlies the solar torque. The

first flyby, next January, will reduce the
uncertainty considerably; once the craft
starts to orbit Mercury in March 2011, it
will allow a measurement of still
greater precision. By then, the 90–95%
confidence in Mercury’s molten core
could be improved to a virtual certainty.

Johanna Miller
References
1. J. L. Margot, S. J. Peale, R. F. Jurgens,

M. A. Slade, I. V. Holin, Science 316, 710
(2007).

2. S. J. Peale, Nature 262, 765 (1976).
3. I. V. Holin, Radiophys. Quantum Electron.

31, 371 (1988).
4. P. E. Green, in Radar Astronomy, J. V.

Evans, T. Hagfors, eds., McGraw-Hill,
New York (1968), p. 1.

Whiskers of tantalum trisulfide twist in response
to an electric field
A coherent electronic structure known as a charge-density wave is responsible for the twist. 
How the whiskers pick a rotation direction is a mystery.

One might expect a one-dimen-
sional metal to be rather simple: a string
of equally spaced atoms whose valence
electrons occupy a flat, featureless
band. But in 1930 Rudolf Peierls found
an interesting theoretical wrinkle.

Below a critical temperature, Peierls
argued, the atoms of a 1D metal spon-
taneously acquire a periodic distortion
that nudges them together in groups of
two, three, or more. The energy cost of
reordering the atoms is met by the va-
lence electrons, which assemble in a co-
herent state called a charge-density
wave (CDW).1

For decades, Peierls’s idea remained
untested, not least because 1D arrays of
mutually attracting atoms tend to be
thermodynamically unstable. But in the
1970s chemists succeeded in making
bulk materials from molecular chains
whose mutual coupling is strong
enough to forestall thermodynamic in-
stability yet weak enough to let the
chains distort unhindered.

Physicists soon observed a host of
interesting electronic properties in nio-
bium triselenide, tantalum trisulfide,
and other CDW materials. The most re-
markable properties, including nonlin-
ear conductivity, occur when an ap-
plied electric field sets the entire CDW
in motion. (See the article by Robert
Thorne, PHYSICS TODAY, May 1996,
page 42.)

CDW motion also changes elastic
properties. In 1984 Joe Brill of the Uni-
versity of Kentucky and George
Mozurkewich of UCLAfound that TaS3,
NbSe3, and (TaSe4)2I become less stiff

when a CDW flows through them. And
in 1992 Alex Zettl of the University of
California, Berkeley, and his collabora-
tors found that CDW motion causes
centimeter-long samples of TaS3 to
lengthen by a nanometer or so.

Now, Vadim Pokrovskii of the In-
stitute of Radioengineering and Elec-
tronics in Moscow and his coworkers
Sergei Zybtsev and Irina Gorlova have 
discovered another CDW-induced
change: Freely suspended whiskers of

TaS3 twist.2

Finding one more manifestation of
CDWs would not be remarkable, except
for two things. First, it’s quite baffling
why a whisker would choose to rotate
one way rather than the other. The
structure of TaS3 lacks the requisite
symmetry-breaking features. Second,
the twist is so large that Pokrovskii
thinks his whiskers could find use as
torsional actuators in micro- or nano-
electromechanical systems.

200 mμ

Figure 1. When a charge-
density wave flows along a
whisker of tantalum trisulfide,
the whisker twists. To meas-
ure the twist angle, a team
from Russia’s Institute of
Radioengineering and Elec-
tronics aimed a laser beam
at tiny superconducting mir-
rors attached to the whisker.
(Adapted from ref. 2.)


