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WHAT DoN'T WE KNOW?

What Is the
Universe Made Of

very once in a while, cos-
Emn]ogists are dragged,

kicking and sereaming,
into a universe much more unset-
tling than they had any reason to
expect. In the 1500s and 1600s,
Copernicus, Kepler, and Newton
showed that Earth is just one of
many planets orbiting one of
many stars, destroying the com-
fortable Medieval notion of a
closed and tiny cosmos. In the
1920s, Edwin Hubble showed
that our universe is constantly
expanding and evolving, a find-
ing that eventually shattered the
idea that the universe is unchang-
ing and eternal. And in the past
few decades, cosmologists have
discovered that the ordinary mat-
ter that makes up stars and galax-
ies and people is less than 5% of
everything there is. Grappling

a A .

wwridle bl am e n anmdern s Al an e

In the dark. Dark matter holds galaxies together; supemovae
measurements point to a mysterious dark energy.

Science 309 (2005) 78
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Cosmology in the Laboratory:
Defect Dynamics in Liquid Crystals

IsaAc CHUANG, RUTH DURRER, NEIL TUROK, BERNARD YURKE

Table 1. Defects and their role in cosmology.

Homotopy :
Defect group Behavior
Walls ol dly) Rapidly dominate universe. Disastrous unless
| formed late.
Strings my (Mg) Global or gauged—scale with density in the
universe.

Monopoles ;M) Gauged—rapidly dominate universe. Global—
scale with density in the universe.

Textures m3(Mg) Gauged—relax to vacuum. Global—scale with
density in the universe.

& ek ‘
t=275s t=100
Chuan e'r al SC|ence 251 1991 1336 Fig. 3. A time sequence showing the evolution of a my “texture” in a freely

9 . suspended thin film of nematic liquid crystal (left column) and as simulated
numerically (right column). The texture breaks at one point to form a
le-:lnummmPalc p.u'r, which then moves arcund the r':n.g ey annihi-

late on the far side. Each frame shows a region 260 wm in width.
:
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Magnetic monopoles in spin ice

C. Castelnove', R. Moessner'” & S. L. Sondhi’

Figure 2 | Mapping from dipoles to dumbbells. The dumbbell picture

(c, d) is obtained by replacing each spin in a and b by a pair of opposite
magnetic charges placed on the adjacent sites of the diamond lattice. In the
left panels (a, c), two neighbouring tetrahedra obey the ice rule, with two
spins pointing in and two out, giving zero net charge on each site. In the right
panels (b, d), inverting the shared spin generates a pair of magnetic
monopoles (diamond sites with net magnetic charge). This configuration
has a higher net magnetic moment and it is favoured by an applied magnetic
field oriented upward (corresponding to a [111] direction). e, A pair of
separated monopoles (large red and blue spheres). A chain of inverted
dipoles (“Dirac string’) between them is highlighted in white, and the
magnetic field lines are sketched.

Nature 451 (2008) 42
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Two-dimensional gas of massless Dirac fermions in
graphene

K. S. Novoselov', A. K. Geim', S. V. Morozov?, D. Jiang', M. |. Katsnelson®, |. V. Grigorieva', S. V. Dubonos”

Nature 438 (2005) 197

ﬁ E=p?/2m (massive)

— — .,  E=pc (massless)

Intensity (arb. unit)

lowr— Tig @ S arXiv:cond-mat/0608069
P Nature Physics
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Experimental Demonstration of Violations of the Second Law of Thermodynamics
for Small Systems and Short Time Scales

G. M. ‘v“aﬂzmg,l E. M. Sevick,' Emil Mitt.ﬂg,l Debra . Ste:arlﬂs.,2 and Denis J. Evans'

'Research School of Chemistry, The Australian National University, Canberra ACT 0200, Australia
*School of Science, Griffith University, Brisbane QLD 4111, Australia
(Received 4 March 2002; published 15 July 2002)

That entropy-consuming trajectories can be discerned
for micron-sized particles over time scales on the order of
seconds 1s particularly important to applications of nano-
machines and to the understanding of protein motors. The
fluctuation theorem points out that as these thermodynamic
engines are made smaller and as the time of operation
is made shorter, these engines are not simple scaled-
down versions of their larger counterparts. As they become
smaller, the probability that they will run thermodynami-

cally in reverse inescapably becomes greater. Conse-
quently, these results imply that the fluctuation theorem
has important ramifications for nanotechnology and indeed
for how life itself functions.

Wang et al. Phys. Rev. Lett. 89 (2002) 334
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Nature 365 (1993) 407

FIG. 1 Diffraction patterns from the flux lattice in Big 1550 9eCaCuOs. .
(BSCCO) at an applied magnetic field of 47.5 mT at temperatures of
1.5 K {a), 56 K (b) and B2 K (c). We identify the melting temperature as
80 K at this field. (The intensity units are counts per cm? of detector
per 15 minutes.}
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FIG. 5 Diffraction patterns from the flux lattice in BSCCO (at 1.5 K) at
applied magnetic fields of 50 mT {a), 7O mT (b} and 95 mT {c).
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