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[il!_‘ CL‘” «JNes were dl:""l:d. :"\Ll ‘hcsl.'. too,
had the mutations, although normal cells
from the same patients did not. And since
the paper was written, Vogelstein says, the
researchers have screened dozens of primary
tumors from HNPCC tumors, and "nearly all
l\il\"l‘ lhu same 1|]l]lﬂtil]lls...

Even that impressive evidence doesn't
necessarily prove that the mutation contrib-
utes to the cancer development. "You have
to be careful abourt ascribing a role [to a mu-
tation], since so many genes are mutated in
cancer cells,” Vogelstein cautions. But the
researchers have evidence that the mutation
in the R1I gene is more than just an innocent
bystander. When the Brattain-Markowitz-
Willson team transferred a good copy of the
gene into a line of colon cancer cells that
lack it and normally form fast-growing tu-
mors when injected into nude mice, they
found that the cells lost their tumor-forming
capacity. “This demonstrates that there re-
ally is a biological consequence of the muta-
tion,” Brattain says.

Researchers who study TGF-Pare thrilled
by these results. NCI's Roberts notes that
while there was ample reason to suspect
that a receptor defect might be involved in
tumor cells' loss of responsiveness to TGF-fj,
“this really nails it down" for a human
cancer. Another TGF-p pioneer, Harold
Moses of Vanderbilt University School of
Medicine in Mashville, Tennessee, agrees:
“This is the first demonstration of a mecha-
nism for the loss of the growth inhibitory
response, and to tie it in with the repair de-
fects is particularly interesting.”

In addition to providing a possible salu-
tion to the problem of what causes loss of
response to TGF-P, these results suggest,
says Minna, that the R1I gene may be a criti-
cal kind of gene called a tumor suppressor,
whose loss or inactivation may lead to can-
cer. He points our that the gene maps to an
area on chromosome 3 that is thought to
contain a tumor suppressor because it is de-
leted in several cancers. His own team, he
says, is exploring whether loss or inactiva-
tion of the gene might contribute to develop-
ment of small-cell lung cancer. Indeed, he
«ays, “several components within the path-
way [by which TGF-p inhibits growth] could
be tumor suppressors.”

On the clinical front, Markowitz and
Willson want to explore whether it is pos-
sible to detect HNPCC colon and ovarian
cancers by screening for cells that carry the
RII mutation in blood or stool. And beyond
that lies the goal of using gene replacement
therapy to treat cancers that have lost their
responsiveness to TGF-B by putting in a
:00d copy of the R1I gene. That's a long way
off, but the new work at least opens up the
possibility of doing what the cell's mechanic
should have been doing all the time.

=Jean Marx

Grown-Up Physicists Play
Serious Games in the Sandbox

An old adage holds that all
problems in physics are either
trivial or insoluble. Those eat-
egories can actually be near
neighbors. Take the bounc-
ing, flowing, mixing, oscillat-
ing, avalanching substances
C:!Hcd gml'lllli" mnll:ll'.\ls—«_\f
which sand is the most famil-
iar. “Sand,"” says University of
Chicago physicist Heinrich
Jaeger, "we associate with
something terribly  simple.
Something whose behavior
we can obviously predict. But
if we look more closely,” says
Jaeger, who recently helped
organize a conference on granu-
lar materials,” "we are faced
with an unbelievable com-
plexity of outcomes.”

That mix of simplicity and
complexity won't come as a
surprise to industrial engi-
neers, who have struggled for
decades with fertilizers that
plug hoppers and pharmaceu-
ticals that won't stay mixed as
they form pills, to cite just two
examples. Granular materials
are polymorphous: They can
H!Semhie 5(]|lds. llqu!ds. or
gases, dl.'pemlll'lﬂ on ”IL‘ situa-
tion, and engineers have
learned the hard way that a
weird amalgam of known and unknown
physical laws governs their behavior. But
physicists have been latecomers to the sand-
box. “A few years ago you used to be a laugh-
ingstock if you were working on sand,” says
Anita Mehta of the University of Birming
ham in the United Kingdom.

Now, she says, "it has become rather
trendy.” The complex behavior of sand and
other granules has enchanted |‘h\<u'u:c by
giving them a model of other difficult areas of
physics. “The sandpile is a metaphor for a lot
of systems in physics that we have been strug
gling with for a long time.” says Jacger. As
sl.‘ci]kl.'li at ‘l'lc C(\ﬂ{fll’nct‘ *1\“\\'(‘['. I:[:'I]\Ili“
m(‘llcri:!ls can mimic Thﬂ r(‘ll!”g convection
cells that form in fluids, undergo "phase tran-
sitions" analogous to those of solids changing

* Dynamics of Granular Materials: Understand-
ing and Control, May 11-13 at the University ol
Chicago. Organizers: Heinrich Jaeger, Eliza-

beth Grossman, Sidney Nagel, and Yunson Du,
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All shook up. A layer of parti-
cles shilis lrtom one surlace
pattern lo angther as the vi-
bration amplilude changes.

rl'l‘lll one E[‘f.‘-[ill structure to
another, and form hizaree, fin-
petlike clumps through pro
Cesses ‘h: may mimic struc-
ture formation in the early
universe, f\l\d !I“.'.“: I‘I'lC‘
nomena are yielding new in-
sights for the industrial engi-
neers who have traditionally
struggled with granular media
on lh!::r own.

Like an avalanche trig-
gered by a single pebble tum-
l‘]”lu [!”“'" a .‘1f‘|‘|.'. "'IUL'h [\[
the recent surge of interest in
granular materials began with
the 1987 publication of a pa-
per by Per Bak, Chao Tang,
and Kurt Wiesenfeld, then at
Brookhaven National Labora-
tory. The paper laid out a no-
tion these researchers dubbed
"self-organized criticality.”
They proposed that under the
pressure I\( [‘U[SiLIC ﬁ[ir|1u|i. a
system of many complicated,
interacting  parts—anything
from a sandpile to the stock
market—will organize into a
precarious state, far from sta-
bility, that is prone to unpre-
dl(.];'ll‘[l' ﬂ“l uations. |I11|'N: case
of a sandpile, the theory pre-
dicts that as sand is added to
the pile, it will slough off not
in regular, catastrophic avalanches but inan
unpredictable series of small and large ones.

Whether nature really behaves this way is
still a marter of debate. But by getting physi-
cists to take a serious look at sand, the pro-
posal opened up the field. At the University
of Chicago, for example, a group that in-
cludes Jaeger, Sidney Nagel, and Chu-l leng
Liu (now at the Exxon Research and Engi-
neering Company in Annandale, New Jer-
sey) started by looking for self-organized
criticality in sandpiles. They failed to see it,
says Jaeger, "but got intrigued by all of the
other things that happen in sandpiles” and
other granular aggregations, Among them
was the "Brazil nut phenomenon”—the puz-
sling tendency of the largest granules in a
container to rise to 1!1!.' ll‘i" \\'h{'” itis .“!]ilk[‘n.

Two years ngo Jaeger and Nagel, along
with Chicago colleagues James Knight and
Edward Ehrichs, studied the phenomenon by
filling a eylindrical comtainer with glass
I‘(';lllﬁ. some l\{ !h('l“ L!jl“i +'|i1L'k to serve as

SOURCE: UMBANMOWAR ET AL/UNIV OF TEXAS AUSTN
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- When they vibrated the container,
.y saw the beads circulate in a convection
_attern similar to those seen in fluids heated
from below: The beads flowed down near the
walls and up in the center of the container.
“Differential friction” at the wall may be re-
sponsible, the researchers think: Whenever
the vibrating wall lifts a collection of parti-
cles, they “fluff up," and as they drop, the
wall's grip on them—its upward frictional
push—is weaker than the downward tug they
experienced on the way up. The result is a

The right spin. Experiments In odd-shaped containers shaw that granules mix in a series of avalanches.

net downward shove. To everyone's surprise,
the researchers found that the flow probably
accounts for the Brazil nut phenomenon:
The largest granules don't fit into the thin
convective zones at the walls that would oth-
erwise pull them down; as a result, they be-
come trapped at the top.

The dead zone. More recently, with col-
leagues in the University of Chicago's de-
partment of radiology, the group explored
the details of the flow by applying magnetic
resonance imaging (MRI) to a container of
poppy seeds, whose oil makes them visible to
MRI (Science, 17 March, p. 1632). MR, first
applied to granular media by researchers at
The Lovelace Institute in Albuquerque, New
Mexico, allowed the Chicago group to clock
the convection currents—and yielded an in-
sight that may have industrial benefits. At
the conference, Knight reported that MRI
scans revealed an exponential slowing of the
convection currents with depth—the first
quantitative study of what engineers call the
“dead zone" near the bottom of a container,
where particles resist diffusing when they are
shaken up. Such data could help engineers
design containers with the right wall friction
and shape to expand the dead zone, reducing
unwanted sorting of pharmaceutical and ce-
ramic powders, cement, and even flour.

While the Chicago group occupied itself
with the innards of granular systems, other
researchers probed the mysteries of their sur-
faces. At the University of Texas, Austin,
Paul Umbanhowar, Harry Swinney, and
Francisco Melo of the University of Santiago
in Chile vibrated a thin layer of tiny bronze
spheres in circular dishes. When the team
illuminated the dishes from the side with
strobe lights synchronized with the vibra-

1278

tions, lhc\' saw stripes, squares, hux;u:pn(_
and other patterns that changed from one to
another at sharply defined shaking frequen
cies and strengths (see illustration on p 1277)
The transformations to complex structures
are reminiscent of the "symmetry breaking”
seen when, say, an amorphous liquid freezes
toacrystalline solid, says Melo—but are “much
richer” than standard phase transitions,
which are limited by such ¢

TN s oy

servation of energy. He and his colleapues
think they have their hands on a system that

can yield fresh insight into the equations
that govern symmetry breaking, but they are
still struggling to und ] it

In Melo's work, theory is lagging some-
what behind practice. But in some areas of
grnnu]v work, Ihenr\' 15 OFENING new 1-:1!]1\
One group found that a simple theory could
help them understand a very practical prob-
lem: mixing in spinning containers. In the
mixing of granules, says Julio M. Ottino of
NLI”"I\\L'.\[L'I'['I lJ”l\ l'f“l':\'.." L]]L'"\“.'-ll cngineer-

ing department, one member of the group,
“lots of things do not have an analeey with
how fluids mix." For example, in contrast to
most fluids, which mix smoothly throughout
a spinning container, a granular marerial of-
ten mixes mostly around the container's
edges, where the grains can tumble freely,
leaving an immiscible "core” at the center.
Th!.‘ Nv:th\\cm:rn group, \\]Ii.h also n-
cludes Troy Shinbrot, Guy Metealfe, and Jo
seph McCarthy, approached the problem by
assuming that mixing in n rotating drum rakes
place in a series of avalanches. When the
drum is stationary, the grains tend to form a
horizontal surface; when the drum begins
turning, the surface gradually steepens until
it slumps in an avalanche. The group as-
sumed that each avalanche cuts a piclike
wedge of material from the top of this slope
and deposits it downslope—thoroughly mix-
ing the grains in the wedge along the way
These simple assumptions, says Shinbror,
turn out to "work surprisingly well,” as the
Northwestern  group found  when  they
packed different-colored batches of grains
intoadrum, spun it, and watched the mixing
process. The simple avalanche picture suc-
cessfully predicts the efficiency of mixing not
only in eylindrical drums but also in irrepu-
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larly shaped containers (see illustration) whose
behavior would be far too complex to calcu-
late in more elaborate models of mixing

Order from randomness? Those in-
sights could help engineers in the pharma-
ceutical industry and elsewhere design better
mixers. But some of the most striking theo-
retical results presented ac the conference
have implications extending all the way to
i onderpinminn of pliysics—irts pictare of
how collections of pwdomly colliding parti-
cles behave. If no long-range force is acting
on the particles, classical statistical me-
chanies predicts that they will remain
randomly distributed no matter how
long they knock about. But when Sean
MeNamara and William Young of the
Seripps Institution of Oceanography nt
the University of California, San Di-
cgo, used n computer to simulate part-
cles colliding in two dimensions, they
were startled to see structures spontane-
ously take shape

Work in one dimension had already
shown that when collections of inelas-
tic particles—those that lose energy in
collisions—start with random initial posi-
tions and velocities, groups of three or more
particles tend to clump together. These “col-
lapses” can occur when two particles are
moving toward each other and a third is
caught between them, where it acts as a cush-
ion, dissipating the energy of the converging
particles by rattling back and forth between
them. That way, the particles don't rebound
but remain “stuck" together

But Young and most other physicists
had thought that collapse was a "pathology”
of one dimension. He recalls that he bet
McNamara "a million dollars” they would
see no such phenomenon in their 20 simula
tions—and lost, when they identified finger-
like structures within which particles were
colliding rapidly. The structures moved as a
unit  within larger, amorphous  clumps.
(McNamara graciously accepted a used text-
book in lieu of cash.)

Exactly why the structures take shape re-
mains mysterious. But the finpers “are ex-
tremely reminise ent of the structure astrony-
mers find in sky surveys,” says the University
of Chicago’s Jaeger. He raises the possibility
that the piant walls and filaments of galaxies
seen in the distant universe might not have
formed solely by gravitational interactions,
as theorists often assume. Instead, they might
have emerged from random processes, as
dust, star clusters, and galaxies collided early
in cosmic history,

Linking a sandpile, even a theoretical
one, with the early universe requires climb-
ing out on “a very thin, long limb," says Jae-
ger. Bur if sandpiles can help explain the
origin of cosmological structure, it's a limb
that could quickly get erowded

~James Glanz
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SEARCH AND DISCOVERY

Oscillating granular layers produce
stripes, squares, hexagons . . .

Tnke a bunch of granular particles,
ut them in & container on a
rig{cr platform and shake the system
vertically. You might find henping,
convective rolls, size segregation or
traveling waves, Recent experiments
with several layers of particles have
produced, at a critical acceleration, a
sharp transition from a flat surface
to standing-wave patterns oscillating
at either one-half or one-quarter the
excitation frequency.

When a group of researchers at
the University of Texas at Austin os-
cillated a hallow granular layer, they
?roduced squares and stripes; they
ound & continuous transition be-
tween these states as they varied the
vibration frequency at constant accel-
eration, More recently the Texas
team—Francisco Melo (now at the
University of Santiago of Chile), Paul
Umbanhowar and Harry Swinney—
have been finding hexagons and pe-
tiod-doubling behavior,

Granular materiala are ubiquitous,
ranging from sand to sugar, from
gravel to geological formations, De-
spite the importance of such materi-
als to industry, only in the last gev-
eral years have physicists and engi-
neers begun to learn much about
their peculiar nonequilibrium behav-
for as a function of time.

Umbanhowar pointa out that “there’s
no Navier-Stokes equation for the
flow of granular materials, Granular
materials act as fluids, solids and
gaaes, depending on how they are ex-
cited” At present, there is no compre-
hensive understanding of the fluidlike
state of granular materials, let alone
the crossovers between fluid-, solid-
and gas-like behavior, Heinrich
Jaeger of the University of Chicago
explains: “The fluidlike state in par-
ticular arises from a highly nonlinear
rcrponse to external vibrations. Con-
copts from ordinary hydrodynamics or
statistical mechanjcs fail for granular
media because the thermal enorgy is
Irrelevant and all collisions are inelas.
tic. This situation provides a tremen-
dnus challenge for physicists: the iden-
tification of an appropriate theoretical
framework, Likewise for experiment-
ers, research on granular materiala
provides an exciting opportunity to ex-
plore widely uncharted territory and

i oADK e LA LT td e
_1 o xperiments with vertically oscil.

(1% lating thin layérs of granular

i chs;__éhow’ g:k ust Falsri 1:;
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to ieolats key aspects of nonlinear dy-
namical behavior in a problem of im-
mense technological Importance, The
recent experiments have done just
that: They have provided bench-

marks sglainst which to test any forth-

coming theoretical understanding.”

Previous work

In 1831 Michael Faraday used thin
layera of fine powder on vibrating
plates to investigats the position of

nodal and antinodal Jines in an essen-

tially two-dimensional system. He
found that the powder formed heaps
by means of a convective mechanism.
In 1989 Claude Laroche, Stephane
Douady and Stéphan Fauve at the
Ecole Normale Supérieure de Lyon
studied a two-dimensional granular
system, with one horizontal direction
plus the vertical shaking direction
(essentially & narrow shoebox); tha
systern was only a few layers high,
They found a parametric instability;
that is, when they drove the granular
system with a frequency f, it re-
sponded with 72, So it takes two
shaking cycles to come back to the
original state, Since the experiments
by Laroche, Douady and Fauve, a
number of groups have done granular
flow experiments on systems only a
few layers high, either in the shoehox
geometry or, by wrapping it around,
in an annulus, The groups include
Robert Behringer, Hyuk Pak and Erc
Van Doorn at Duke University; Mel.
any Hunt, Christopher Brennen and

their collaborators at Caltech; A. Gold-

shtein and his collaborators in lsrael:
and Jean Rajchenbach and Erie
Clément at Pierre and Marle Curie
University in Paris,

Recently the University of Texas
graup and Jaeger and his collabora-
tors at the University of Chicago
have done guch experiments in shal-
low Jayers that yield planar patterns,

Both groups reported their results at
a workshop on granular dynamies
held at the University of Chicago in
mid-May,

Another category of experimonts
involves granular convection in
taller systems, many grains high,
Pierre Evesque and Rajchenbach
studied these systems in 1989, us-
ing a contalner that was a long,
thin but tall box, When the accel-
eration of this syatem excccded g,
the acceleratinn due to gra\-lty, largo-
scale convection rolls filled the con.

' tainer. This state resombles Ray-

leigh-Bénard convection in a small-
aspect-ratio container and has a
large heap of material at the point
of maximum upflow. In this case,
traveling waves occur, as scen by
the Duke group, rather than the
standing waves observed for shallow
Jayers. At Caltech, Carl Wassgren,
Brennen and Hunt have observed
heaping, surface waves and arching.

This year, two experiments have
provided ncw insighta into two of the
most important of these mechaniama.
One of these mechaniems, studied by
E. E. Ehrichs, Jasger, Greg Karczmar,
James Knight, Vadim Kuperman and
Sidney Nagel at tha University of Chi.
cago, {e a ratchet effect involving fric.
tion between the sidewalls of the con-
tainer and the grains., Using mag-
neti¢ reeonance imaging, the experi-
menters found that the fastest flow oc.
curs In the thin boundary layer near
the walls,!

The other key mechaniam involves
8 kind of buoyancy provided by sur-
rounding gas, an effect studied at
Duke, After contradictory results on
the efTects of pressure on flow ob-
tained by Laroche and his collabora.
tors and Evesque and his collabora-
tors, the Duke experimenters care-
fully controlled pressures between
vacuum and atmospherie. They
found? that the heaping and convee-
tion in tall layera was virtually inde-
pendent of pressure above 10 torr,
and ceased below 10 torr, Behringer
explaina that the key idea Is that gas,
which ls trapped under the layer dur-
Ing each shaking cycle, is compressed
as the mntm‘]nl%ila the container bot-

tom, If the layer {8 ghallow or the

particles are large, gas sceps out / /—Z
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Luickly and plays no role in the
shaking dynamics,

Texas experiments

In experiments reported early last
year, Mclo, Umbanhowar and Swin-
ney vertically vibrated a thin layer
of spherical particles in a container
whose horizontal extent was much
larger than the layer depth? For
increasing amplitude of the sinusoi-
dally varying acceleration, the in-
itially flat layer became unstable
and standing-wave patterns
emerged, oscillating at f/2. At lower
frequencies these wave patterns (see
the figure) appeared as squaren, at
higher frequencies, as stripes; the
etripes ana squares competed at in.
termediate frequencies,

“We expected to gee convection
and heaping like Rajchenbach and
Fauve found,” says Umbanhowar; sg
the Texaa team was somewhat sur-

riged to find patterns instead.

‘hat's the axplanation? the group
wondered, Similar patterns of
squares and stripes are observed in
convection in fluids and liquid erys-
tals and in vibrated fluid layers.

Says Swinney, “The analogy between
a granular system and a fluid is
decper than the observation of simi-
lar spatial patterns: in both cases the
transition from the initial uniform
(flat) state to a pattern yields squares
at low dissipation and stripes at high
dissipation. The viscosity determines
the dissipation of a fluid, while for a
granular material, the dissipation
arises from particle-particle collisions
and is small at low frequencies where
the layer is more dilated”

After learning about the Duke con-
vection experiment showing the effect
of afr pressure, the Texas group had
decided to repeat the earlier experi-
ments using an evacuated container,
With the air removed, a new set of
patterns emerged in addition to
squares and stripes oscillating at 12,
As Melo, Umbanhowar and Swinney
increased the dimensionless accelera-
tion amplitude [ = 47?34 /g (where
A is the drive amplitude), hexagons
and kinks appeared with frequency |
f12; squares, stripes and hexagons
with domains of different phase oscils
lating at f/4; and a disordered state,

Tha resenrchera explain the differ-
ent patterns using a simple one-
dimensional modal that t}:\cuses on
the vertical motion of the layer with
rezpect to the contalner, Since the
layer behaves much like a completely
inelastic object, it does not bounce; so
it leaves the bottom of the container
only when the container accelerates
dovmward faster than g, Th
ance of waves appears to be deter-
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GRANULAR PATTERNS
formed by a thin layer,
seven particles deep, of
0.17-mm bronze spheres.
The different patterns
arise from a competition
between a granular-wave
instability and peried
doubling in the vertical
motion of the layer.

a: Squares occur at
driving frequency f=24
Hz and dimensionless
acceleration amplirude,
['=2.7;b: Hexagons at
J=43Hz, '«4.2; ¢t Flat
layer with kink at f= 67
Hz, ['w5.8; d: /74 stripes
atfw70 Hz, ['w6.8;

¢: f/4 hexagons at f=70
Hz, T'a7.6; f: Disorder
at f=67 Hz, '= 8.5,
Courtesy of Paul
Umbanhowar,
University of Texas)

L] \“.“

mined mainly by the relative collislon
velocity of layer and container, while
the particular wave pattern that is
selected depends on the timing of sue-
cegsive collisions, as the group ex-
plaing in a recent paper.t
When the acceleration amplitude

first exceeds g, the layer loses contact
with the container and later collides
with the container. Becaure the gas
pressure {8 low, the layer remains flat
and heating is not observed. When
the acceleration amplitude is raiced
to about 2.6 g, the collision velocity is
large enough that the layer becomes
unstable and wave patterns arise, the
group says. With a further increase
in acceleration amplitude, hexagonal
Eratlem appear (part b of the figure)

om either square or striped pattermng
due to a doubling of the period of the
layer's vertical motion. This doubling
occurs because the layer leaves the
container with sufficient velocity that
it doesn't land again until after the
downward instantaneous acceleration
of the container is already lees than
&. As a consequenca, thera are long
flights followed by short flights. The
relative collision velocity at the end
of tha long flight {s smaller than the
relative collision velocity at the end of
the short flight; this introduces an
additional forcing at /72, since it now

takes two container oscillation perd-
ods for the sequence to repeat. Two
‘ears ago experimente by Hanns
Miiller at the Ecole Normale

Supérieure de Lyon on vertlcally osell-

lated fluid layers showed that forcing
gimultaneously at f and £72 can lead
to hexagons, Swinney says that In
the granular syetem both phascs of
the per{od-doutled motion can be ob-
served simultaneously because the
long-Nlight-short-Night sequence can

etart on one cycle of the container mo-

tion or the next.

“As we turn up the acceleration,
the hexagona vanish," eays Umban.
howar, and the layer then eonaists of
Nat domains connected by a kink
(part ¢ of the figure). This occurs be-
cause of a resonancethe relative eol-
lision velocity of the layer and con-
tainer goes to zero. Umbanhowar

compares this behavior to an egg toss.

ing contest at a county fair: “You toss
raw eggs back and forth with a part-
ner and move back one step after
each successful throw, As the dis.
tances and velocitiea inerease you

must mova your hands in the same di-

rection and with nearly the same vo-
lncity na the egg 8o that vou can re.
duce the egg's velocity aa slowly ag
possible.” Similarly, at the resonance,
the layer and plate velocities ara al.
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mosat equal at the time of contact,
and no waves are excited, “Even
though the patterns go away, we still
have one side of the layer staying in
flight for more than one and a half
eyclos and then repcating, while the
other side does the same thing 180
degrees out of phase, which ia why
we see the kink in the layar”

If the experimentera increase the
acceleration amplitude further (to
ahout B8 g), the layer hits harder and
waves are again excited, Square and
striped patterns reappear, but now,
because the time between collisions ia
two periods, the waves oscillate at f14.
Part d of the figure shaws that be.
cause of the degencracy associated
with period doubling, the group says,
there are two domaina diffaring in
phase by m, go that one domain is tak-
ing off while the other is in mid-flight.

When the acceleration s increased
go that the flight time is greater than
two periods, intrinsic two-frequency
foreing is restored (at f/2 and f14) and
hexagonal patterns reappear, now
with four different phases (part e of
the figura),

For still larger accelerations, the
layer becomes disordered in both
space and time, Part f of the figure
nﬁows multiple amall domains of wave-
like structures. “You see a random
bunch of stripes,” explains the Texas
team. “Wa think the phase of the
layer with respect to the cell isn't
very stable, Some portions of the pat-
tern miss the collision with the con.
tainer, which changes the phase of
that portion with respect to the rest
of the pattern.”

“The pattern formation phenomena
we observe are robust,” the group
says. The patterns don't change quali-

tatively with particle restitution coeffi-
cient (0.6-0.9), deneity (2-11 grams
per cubie centimeter) and size

(0.05-3 mm); layer thickness (240
particles decp) and aspect ratio (2-
100 pattern wavelengtha); and the
pressure (10-1-104 tory).

“The simple one-dimenslonal
model of a layer with Inelastie colli-
sions provides insight into tha se-
quence of transitions in the patterns,®
says Swinney, “but a deeper under-
standing of why the different pat-
terns are selected must await the de-
velopment of an equation of motion
for the granular layers.”

Chicago experiments
Jaeger and his collaborators at the
University of Chicago have aleo been
doing experiments in a geometry simi-
lar to that used by tha Univereity of
Texas group. Jaeger notes that the
1884 experimenta by the Texas group
were done at atmospheric pressure,
8o he feels their dispersion relation
must be reevaluated at low pressure,
Two years ago Jaeger and his
graduate student James Knight re.
ported (at a meeting of Packard Fel-
lows in Monterey, California) that
they had observed surface waves os-
cillating at half the drive frequency.
Their container was shaped like a
fishbowl, Over the last year Thomas
Metealf, an undergraduate, has joined
the project, and he has emphasized cy-
lindrical containers with flat bottoms
and stralght sidewalls, Says Jaeger,
“We find patterns just like the Texas
group do in their (similarly cylindri-
cal) system.” Jaeger and his collabo-
rators showed their patterns and the
corresponding disperslon relatinns at
the Chicago workshop in mid-May.

Jaeger and his collahorators be-
lieve that even in shallow Jayors, re-
sidual gas pressure ahove 100 milli.
torr madifics the enllision behavior bes
tween rapidly colliding grains, The
Chicago team finds that the prepara-

tion condition of the grains, in particu-

lar any residual molsture on them, afs
fects the onsct of patterns. “Under
ambient conditions, these factors are
not easily controlled and may change
over time,” snyn Jacger, “That's why
wa systematically explored the effect
of evacuation”

He continues: “We are still far
from the point where wa underatand
in detail E;w and why thess wonder-
ful patterns exist. [ believe that ordi.
nary hydrodynamic theory clenrly
fails in the limit of shallow vibrated
granular layers, and that comparison
to liquid results (such as dispersion
relations) cannot give the needed in-
sights, In a sense, that ls good news,
meaning that much still nceds to be
explored.”

The study of pattern dynamics
promiscs to lead to valuahle {nsights
concerning the basic mechanisms gov-
eming granular flow and to help in
connecting these patterns to similar
patterns found in many quite differ
ent dissipative systems driven far
from equilibrium.

GLORIA B, LUBKIN
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Space-based Telescopes See Primordial Helium
in Spectra of Distant Quasars

Accnrding to the standard modal,
shortly after the Big Bang, pri-
mordial hydrogen and helium were
spread nearly uniformly throughout
space, After matter began to coalesce
into galaxics and other structures,
nuclear cooking within massive stars
produced heavier elements. But re-
searchers still expect to gee traces of
the primordial elements if they loock
far out in intergalactic space, at dis-
tances corresponding to the earliest
times. In 1971 they saw signs of
hydrogen elumped in clouds located
billions of light-years away, Now,
thanks to the availability of satellite-
borne telercnpos sensitive to ultravio-

AT RS AR e (R G e
4 ooking Way back in ﬁ:\r.ia,'hx-‘i
+ A tronomers have found evidenca '

of the primordial gakes—first, hy-4
‘drogen, and noiw, with thé help of |
space-based telascopes, ‘the mora |
elusive helium, . gofid et i T

let radiation, they have found hydro-
gen's primordial companion.

The clouds in which the hydrogen
was eeen are presumably at or before
the early stages of galaxy formation.
No one has seen signs of relatively
uniformly distributed hydrogen, corre-
sponding to an even earlier era before
any condensation. The absence of a

hydrogen signal does not mean the
gas ip not there, Rather, In the harsh
intergalactic region between the
clouds, hydrogen appears to be al-
most totally fonized to single protons
that do not absorb light and hence
cannot be seen. Reacarchers had
hoped that helium might fare better
in the intense radiation; ennugh nu.
clel might retain single electrons to
permit detection of theee hydrogen.
like fons,

The hopes of seeing hellum have
been renlized in the recent measure:
menta that found the singly lonized
spocies. It {8 not clear, however, how
smoothly the gas is distributed~that
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A superficie de la arena no es tan plana
COEH) PATECE:

Compruébelo este verano en la
playa. Observe con atencidn los dimi
nulos granitos de arena bajo sus
pies. Si tiene suerte, es probable que
se asombre al descubrir como estos
granitos se organizan para formar
modulaciones en la superficie de
arena ;

Asi le ocurrié al lisico experimen-
b 12l chileno Francisco Melfo (35, solte-
ro) cuando hacia experimentos en el

de FONDEF sohre &

rensa, Suplemento Siglo XXI, El Mercurio 1995.

Centro para Fisica No Lineal de la U de Texns
(EL)

Observé que ol agitar una cajite con
fos granitos chocan y se acoplan

arend
entre si dando origen @ ondas de superficie
de un tamado bien definido. Las ondas, ol

superponerse en los distintas direccio
del espacio, producen estruciuras geo

nas.

e |587 v 1993 Melo realizd
sobre la
¥ tiempo en la arena y otros

rmacion de
estructuras de espaci
Sistemas.

Hoy hace clases en bn USACH y es de los pocos
fisicos chilenos que trabaja en fisica aplicada

Hace un afio y medio montd el Lab de Fisica No
Lineal en ka USACH, donde ja junto a 3 estudian
tes de pregrado. Cuentan con el financamiento de ka
Comunidad Econdmica Enropea, de Conicyt y de la
UISACH, y usan equipos creados por eflos mismos para
abaratar costos.

Nos faltan recursos —reconoce Melo —pero
nos arreglamos para trabajar ¥ hacer descobrimientos
simples pero novedoses, que nos pongan o la par con
alros paises

Can de b dindmica de ls arema.
Compatadures ¥ aaciloicopies ba ayudan a medsr tensmanss.

Con equipes inventades por &l, el
chileno Francisco Melo fue el primer

F
ctri ﬂ“mﬂ I Ia B" a H"a
cas tules como lineas, cundrados o hexdgo I

can con el recipiente, forman varias ondes cuya

separacion entre una ¥ obra es igual @ la distoncia

fisico del mundo que explica como los

granes de arena forman figuras

geométricas perfectas.

recornida por las granas indioiduales
El mismo fendmeno que Melo propicia en el

se produce naturalmente en playas y

desiertos; el viento ejerce fuerza sobre la arena,

esparce los granitos y hace que se formen estruct-
ras perfectas

—Llino puede observarfo al acostarse boca

abajo sobre o arena

mencionaron su nombre y el de Chile en revistas

cientilicas internacionales como Physics To

Science.

Melo utiliza un sistema dindmico experimental,
con particulas esféricas iguales a los granos de arena

Aunque el fendmeno es idéntico, la fuerza del
wento no es igual a la que se produc

e al agilar uma

cajita con arena, y la distancia entre las estructuras

dentro de un recipiente transparente, para descubrir

cimo se transmite el movimiento enire ellos

—Al sacudir
arena en un reci

(ONTAGIOSO
MOVIMIENTO

Animado por esa idea
Francisco Melo se zambulld
en su proyecto y logrd titukar-
se como el primer fisico del
mundo que descubrio las
liguras que se forman en la
arena. Public su trabajo, y -t
sus colegas de todo el mundo
quedaron tan lascinados que

B 71 e rracarnhen o 195

Come un voltware expecisl Mels paede sprecisr la
mamica dol mevimssto de lon graass b wees

piente, los granitos
saltan vy chocan
entre sf durante un
tiempoe ¥ a una
& determinada veloct
o dad. Esa velocidad
combinada con el
tiempo de voefo, los
hacen recorrer un
determinado espa
cio, ¥ coando cho-

Fisito experimental chileno explica
que, al agitar granitos de arena,
éstos se mueven o una determinada
veloddad y forman ondas de

P g i
on lo misma distanda entre si. Este
{enomeno tombién se npreda en
playas y desiertos.

que aparecen en la playa ¥ las del laboratorio tam
poco es ka misma

—Cada sistema tiene gna distancia intrinseca

explica Melo. —Las figuras de la arena tienen

una distancia idéntica entre si, pero dife-
rente a o que hay entre los figuras en la
arena def laboratorio
Entusiasmado por los logros conse

guidos, Melo asegura que continuard
moviendo arenas, «panyue esta inpestige
cidn puede tener ung aplicacidn prdctica
de gron utilidad en fos dreas industriales
que frabajan con materioles gramulados,
como la construccidn de caminos ¥ fues
tra gran industria de la mineria»

IR it Solar
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HERVA e m
(hume
o !:t:::;tt ORF B2 B2
Fv i) LR - R

a gag gene, it is unlikely
1o exert s effect in a
.‘-Ill'|=|L' Wiy, ['-||k1|\'||l|u|:
tor some cellular factor
seems inconsistent with its
genetics, The presence in
the mouse genome of hun

e of the Ful gene. The s

ference Htween the r

rtain;

A Is un

the

3

The rels
ment HERV:L

3 th

lated sequence.

Ihe structure and species distribution
of Fel are different from those of a usual
pene (Fig. 23, I lacks introns as well as
abwiouws promaoter and  polyadenylation

s, 'To dute, the promoter has not
wen identified, but the 3' end has been
mapped into a repetitive element (B2) of
the coding region. The impression of Fvl
as n ‘neogene’, pieced together recently
from different parts, is further supported
by its distribution

Closely related se-

quences

re found only in laboratory mice
i ather species of the genus Mus, Some
species, including cats and rats, show no
related

equences at all, and large num-

bers of distantly related sequences can be
seen in other species (including humans).,
| distribution resembles more closely

that of an endogenous provirus than that

of a usual

L4
bases for related sequence turned up a
sequence from the gag region of a human
nous provirus-like element
(HTERV-L), whose ped gene resembles that

wistent with this, a search of data

ende

ol an unrehited retrovirus, human foamy
virus", Although ihis relutionship is tanta-
li it should be kept in mind that the
sequence lacks detectable relationship to
any retroviral gag gene as well as hall-
marks of the usual gag genes. Its identi-

o s o

ig sequence relies solely
on the position of the related HERV-L
sequence

How Fvl works should now be accessi-
ble to direet experimentation, Even if it is

L 69,
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énd lies in se
read
human endogenous provirus-like ale

ated above, Implies that Fvl might repre

dreds of sequences closely
related to MLV gag genes
that exert no  obvious
suppressive effect argues
against simple gag-gag in-
teraction. Important clues
will probably come from
comparative analysis of the
different which
differ principally by a
truncation and substitution
of sequence at the carboxy terminus,

A final point of interest regards the
evolution of Fv/ resistance, Fvl may rep-
resent a rare example of a sequence that
originully belonged 1o a transposable ele-
ment, but has been separated from it
(perhaps by integration of an intact ele-
ment followed by deletion of sequence on
either side) and brought under the influ-
ence of transcriptional control elements

- AAAA

tions denot
The 5°

1 frame,

alleles,

MNOMLINEAR SYSTEMS - —

NEWS AND VIEWS

from other sources, This process seems to
have occurred subsequent to the diver-
gence of Muy other rodents but
before the divergence of modern species.
Does resistance to MLV infection rep-
resent a normal function of ;
sequence? If so, then the ancestral
retroelement might represent some sort
of antivirus virus, benefiting its host by
causing resistance to other viruses, Alter-
natively, is the resistance a chance effect
of mutation of a sequence that |]::[.\]|L'I1L‘l|

from

this ‘gag

to be already present when the species
was first exposed to MLV? In favour of
this possibility is the presence of an ap
parently non-functional Fvl sequence in
Mus dunni, a species of mouse that shows
no sign of prior exposure to MLV infec-
hon
function of the other mouse elements, as
well as the human elements, will be highly
rewarding,

Close analysis of the structure and

John M. Coffin Is in the
Molecular Biology and
University School of

rison  Ave
02111, USA,

Department of
robiology, Tufts
6 Har-
achusetts

ledici

e, Boston,

Physics in a jumping sat.dbox

Jay Fineberg

From the stripes of a zebra to rolling
sand dunes to the huge cellular structures
formed in a thunderstorm, pattern form-
ing systems abound in nature. Although
the physical mechanisms that lead to a
given type of pattern or structure may be
quite diverse, in many cases the forma-
tion and subsequent evolution of these
stutes has o universal mithematical de-
scription, 5o the discovery of a new type
of structure in a specific system may well
be relevant to a large variety of, at first
glance, quite different nonlinear systems,
On page 793 of this issue’, Umbanhowar,
Melo and Swinney describe
the behaviour of a thin,
‘sand-like' layer of minute
brass balls that are excited
into motion by the vertical
vibration of their
tainer. At a critical excita-
tion value, strange, well
defined  structures  form,
even though the excitation
of the system is spatially
uniform

Previous work by this
group revealed that, de-
pending on the strength
of the excitation, striped,
square or hexugonal struc-
tures appear with a charac-
teristic scale many times
larger than the grain size.

con-

A typical I
In & highl

This large-scale organization is interest-
ing because the actual grains interact with
cach other simply by inelastic collisions
Now Umbanhowar et al. have discovered
a surprising and qualitatively different
type of structure, which they call an “os
cillon”, Oscillons are highly localized par-
ticle-like excitations of the granular layer
which oseillute at half the driving fre-
quency. Unce formed, single oscillons are
stable. They come in two ‘flavours’, which
like charged particles either repel or at-
tract each other to form dipoles, chains,
trinngular associations and even lattices,

2 fluld

aand ba

the same
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Against the grain

Granular media behave in some ways
like a solid, in some ways like a liquid
or gas, and in some ways like none of
those things. Some of their stranger
properties are mentioned below. (For a
more complete description see ref, 8
and references therein.) Unlike a fluid,
sand can heap. Once the slope of a
sand pile is increased beyond a critical
angle, however, the medium will begin
to flow. This flow only occurs within a
thin layer near the top of the pile while
the remainder of the sand is station-
ary. To the chagrin of many manufac-
turers, the same thing happens when
trying to force a granular medium
down a chute.

Another oddity is that, instead of
travelling in a straight line, sound
launched into the side of a sand layer
will curve around and eventually come
out of the top of the layer. Also, be-
cause a granular medium can support
weight by the formation of minute
‘arches’, internal stresses in sand are
distributed so that only a small fraction
of the grains support the whole pile,
and entire regions feel no stress at
all. Juk

A peak-type oscillon appears on the cover
of this issue.

This is an example of a driven diss
tive nonlinear system having many de-
grees of freedom, that is, many possible
states to choose from. How does such a
system typically behave as the level of
driving (here, the amount of energy
pumped in) is increased? A large class of
such systems, as the driving is increased
to some threshold value, undergo abrupt
transitions called bifurcations, from an
initially featureless state to one charac-
terized by a well-defined mode or pat-
tern of collective motion that retains a
certain degree of symmetry. As the
driving is increased further, this pattern
may itself become unstable, undergoing
more bifurcations which further reduce
the system's symmetry. Dissipation in
these systems is not confined to a
single region but, like the pattern, is
uniformly distributed throughout the
medium. Many chemical systems and
types of hydrodynamic flow have these
characteristics®

But globally distributed patterns are
not the only way for nonli
organize themselves. Hig
states culled solitons were first docu-
mented by J. S, Russell in 1834, who
observed “a rounded, smooth and well-
defined heap of water, which continued
its course along the channel apparently
without change of form or diminution of
speed, | followed it on horseback... and
after o chase of one or two miles, lost it

764

systems to
y localized
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in the windings of the channel". These in-
triguing states have since been observed in
many diverse nonlinear systems having lit-
tle or no dissipation, Many types of soliton
have the remarkable property that neither
their shape nor speed are altered upon
collision with other solitons.

Do soliton-like structures exist in nat-
ural systems where dissipation plays a
major role? As any soldier surrounded by
sand-bags can confirm, granular media
are highly dissipative. The results of Um-
banhowar ef al. are evidence that localized
structures can indeed exist in such sys-
tems. How universal are these objects?
Soliton-like structures, ubiquitous in non-
dissipative systems, have only recently
been observed in highly dissipative 2D or
3D systems in experiment™ and theoreti-
cal model equations’. A fascinating prop-
erty of both oscillons and the structures
observed in references 3 and 7 is that dis-
sipation seems to be necessary for their ex-

3 therefore, be looking at
a new type of nonlinear object which
tends to localize dissipation in driven non-
linear systems.

A surprising aspect of the new experi-
ments is the striking similarity of the
observed global patterns in a vibrated
granular medium to those observed by
replacing the sand with a viscous fluid,
The similarity continues with the discov-
ery of oscillons, which are reminiscent of
the propagating, localized states recently
observed in highly dissipative fluid sys-
tems (see figure). Although it is tempting
to think of a granular medium as a liquid
whose grains behave as fluid ‘molecules’,
granular media (see box above) actually
behave in a qualitatively different way
from liquids, solids and gases®. In fact,
despite much active research, no under-
lying theoretical description for these
materials yet exists, The similar behav-
iour of these two very different types
of medium under the sume type of excita-
tion may lead to some understanding
of the fundamental nature of granular
media, as well as of the observed states
themselves,

Jay Fineberg is at the Racah Institute
of Physics, The Hebrew University of
Jerusalem, Givat Ram 91904, Jerusalem,
Israel.
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r DAEDALUS —

Laying the lies

THE Anglo-Saxon system of adversarial
law Is very imperfect. Two opposite sides
— prosecution and defence — trade all
the distorted and emotional arguments
and insults they can think of, while a
judge or jury tries to guess who is lying
most. The procedure shares the drama,
philosophy, and uncertainty of tribal
warfare or big-league spectator sport,
Nobody seriously looking for the truth (as
in a scientific investigation or an air crash
enquiry) would dream of using it.

The crucial problem, says Daedal
the ease with which human beings can
tell lies. Indeed, this is almost a defining
human skill. Many animals can lie in a
simplistic way — pet cats, for example,
will heroically pretend not to have been
fed. But only human beings are self-
conscious enough to elevate lying into a
way of life, a vital skill in the complex
competitive social game. One theory even
claims that the human unconscious mind
has evolved specifically to hold the secret
truth, so that the conscious mind can lie
boldly without stumbling over
contradictions. Hence the role of the
subconscious in psychology.

Now modern brain-scanning techniques
can locate the active site of the brain at
any moment. Daedalus reckons that
telling the truth should activate just one
site, where the relevant information is
stored. Telling a lie should activate two
sites, one holding the lie and the other
holding the concealed truth. Positron-
emission tomography Is perhaps the best
locator, but its radioactivity is worrying.
So Daedalus plans to use magnetic
resonance, DREADCO physicists are now
injecting *C glucose into the blood of
volunteers ranging from born-again
Quakers to car salesmen, firing at them
questions ranging from innocent to highly
incriminating, and using "C NMR
tomography to locate the releases of
30, evoked in their brains, The results
should reveal the brain-signature of lying,
With luck, it will be simple, consistent,
and easily distinguished from the effects
of emotional stress,

Daedalus will then devise an NMR
witness box, or even helmet, to detect
and display this signature. It will
transform our legal system. Guilty
criminals will no longer plead innocent,
and lying plaintiffs will no longer risk
litigation. False claims of liability,
negligence, harrassment and abuse will
swiftly fade away. NMR helmets for the
lawyers themselves would be even more
salutary. Many uses for the system
beckon outside the court-room, too; but
Daedalus Is wary. Such a social nuclear
deterrent is best kept in reserve as a
threat. If widely deployed, it could make
social life quite impossible. Da
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tainer oscillations.

Shaken bead beds show pimples and dunple.s

Oscillons stowly drilt across the sur-
[zce. When oscillons i opposite plase

From a zebra's stripes or a leopard's
spots to expanses of evenly spaced sand
dunes. pattern [enmation is a common
natural phenomenon,

Sclentists can make regular patterns in
the laboratory by vibrating thin beds of
granular materials such as samd, sugar, or
tiny breads. Shaken up and l'_im\.'ll 1he sur-
faces of these materials develop ridges
and hollows that form arrays of stripes,
squares, or hexagons.

These large-scale arrangements resull
from the banging together of neighboring
particles in the material. Now, research-
ers have discovered that the same inter-
actlons can lead o the lormation of inds-
vidual, Jocal features that resemble
splashes In a puddle of water. Unfike
waler splashes, however, these siruc-
lures don't spread. Instead, they slosh
back and forth betwsen a craterlike and
2 peahed geomelry in time with the verfl-
el vibeations.

Paul B. Umbanhowar of th
of Texas al Avstin and hi
rr:|'|crrl: this ljndlng in tI1F_' .-\_r:.

e University

'cms: the b
AL
When the lavers were Jess than 15 nar-

Side piew of an 1= approach each other, they atiracl, par-
oscilfan: Tie 2 tially overlap, and form a pair that moves
pariicles are B around as a unil. Osvillons in the same
it (000 o 5 phase tend to avoid each other

loase, peated Precigely why oscillons cmerse and
fieap on the hesw they mabitain their form is sol yet
ararnifor stieface. fully wnderstood, Umbanhowar says.

Further studles of these features may
shed light on the nature of gramdar Bow
and aid In the development of improved
methods of mixiug, sorting, and handling
arantilar m.alerJnJ_'._ —I F‘e?ra-.'mn

ticles desp, the re
searchers chserved
reproducible geo-
metric suriace pat-
lerns determined by
the rate and ampli- £
tude of wibration <
']'Eur-:.w...\e'susu"if
Iy remained [lat and ™
featureless il the
vibrated sysiem was
momentarily  dis-
tarbed, then one or
more [solated sirue-
turcs emergoed,

Called csr.-lirm;-;,
Hiese fealires &
up as a peak duri
ol ¥ ]J]‘"J'h"ll e
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PS encabeza
elecciones
en la ANEF

La lista socialista se
imponia AYEr COn U0
margen a la lista
de= la Democracin Cristia-
na en las elecciones para
rencvar la direcliva de la
Agrupaciin Nacional de
Empleados  Fiseales
{ANEF), tras ser cscrula-
dos ol 57 por ciento de los
yiitos

D =3t manera, la lisia
C, dal PS, obbiene 1a pri-
mera mayoria, con 61.698
votos, Le siguen 1a lista F,
de la DC, con 54722
vobis: 1a lista G, del PPD,
con 17.300; 1a Lista D), de
la Central Auténoma de
Trabujadores (CAT), liga-
daalaDC, con 14347, ¥
Ia lista B, del Partido
Comumistsy, con 8577,

La lista de ln derecha
bordea los 100 votos.

En cuanto & la votacion
individual, el socialista
Raiil de In Puente obtiene
ik primers mayoria, con
5.748 votes. Le sigue el
dirigente DC Milenko
Mihovilovic, con 5.176
woitos.

De pcuerdo al sistema,
es glectn presidente quien
ohiiene la mayor votaciin
dontro de la lists mids
v

Reconocimiento a académicos de la Usach
"The New York Times”

destaca a fisico chileno

Dioa moticizs han lenado
de orgulls al Departamen-
to de Ciencia ¥ Tecnologin
de fa Universidad de San-
tingo de Chile (Ussch).

La prmera ;;Ipara:ui en
la altima edicién de
“Mature®, unn de las mis
prestigiosss revistas cien-
tificas internacionales. La
publicacion mucsira en
gu portads las investiga-
ciones que Teva a eabo el
doctor Francisco Melo, en
el Laboratorio de Fisica
Mo Lineal de ln Usach.

A rafz de lo anterior, el
importante perisdien “The
New York Times" tomd el
articulo de “Natore” ¥
publicd wna investigaciin
del profesor sobre “Thind-
mica de granolados”, des-
tacando sus utilidades en
In industria minera v far-

APLICACION

Entre otras cosas, el
diario estadounidense
dice que Jos estudios del
doctor Melo pueden utili-
zarse en el proceso de
recuperacion de las parti-
culas de metal que que-

dan luego de moler las
£nOrmes Focas,

Sobre la aplicacion del
estudio en la industria
farmacéuntica, mdicn que
las firmulas logran dar
mayor precisidn en la
mezela ¥ dosificacion de
Ins componentes partico-
lados de los medicamen-
tos.

PROPOSICIONES

La segunda noticia
sefala qul:;l i]n'-'l;-l_r'lﬁgaﬂﬂr
¥ profesor de la Facaltad
de Quimica ¥ Biologia de
la Uaach Juan Costamag-
na fue designado por los
miembros de 1a Academia
de Suecia para hacer pro-
posicionés de candidatos
para ol Premio Nobel
102097,

El académico se ha
especializado en quimica
IOGTEnN

e
Por obra parte, a Usach

firmd un convemo con la

la Divalgacidin de In Cien-

cia y la Tecnologia que

preaide el doctor Tgor Saa-

vedra, que beneficiara
I ente a los mitos.




1 doctor en

~ ALEJANDRA RIVERA
Bantiago
n medio de microgcopios,
compuladores ¢ instru-
mientos fmbricados por ¢
miisme y sus alumnos, al
final de un pasilo se vighimbraa
pequeis oficing de este joven
cicntifice cuyo nombre, Francis:
co Melo, esti circulando en los
escenarios especinlizados de |a fi-
e internacional.

Fue hoce tres afios, mientras
realizaba unn pasantia en fa Unl-
versidad de Texas, cuando Lomd
gontseto con el temu que be ha sig-
nifleado clerto credito a nivel
internacional. Junto & dos especia-
listas en su drea, Paul Umbanho-
war ¥ Harry Swinney, iniciaron
i investigacidn en tormo al com-
portumictito de materias granula-
ilas, o gue se tradujo en que ar-
s de los tres investigedores
aparecieran on ggosto de este o
e ln famoss reyvistn cientifica

Francisco Melo se ha impuesto la tarea de fmpk

rensa, La Epoca, 1996.

de fisica

Francisco Melo

Un fisico con los pies en la tierra

La experimentacion en el drea de la fisica
macroscopica es la preocupacion central de este
joven clentifico chileno, profesor de la Universidad
de Santiago y autor de un articulo de reciente

publicacion en “Nature”.

Natwre, Previa a esta publicacion,
va hiebia otros textos con su fimma |
e Seiees y Piisics Reviow Latters,
Sus investigaciones sobre
materins granuladas leron en
forma parilela en Estados Unidos
¥ Chile. |
Con toda la experiencia adgui-
rida, el estudioso, hoy de 36 afos, |
regresd A Chile con la idea de |
crear un lboratorio parn la inves- |
tigacidn de fisica basica, Desds |
hiwe dos aflos y medio este pro-
yecto os ya una realidad en la
Universidad de Santiago, donde
Franciseo Melo es profegor de
Termodindmica y de un curso &
nivel de doctorade. Es uqui

donide la creatividad ¥ conatancia

el cientifico se manifiestan en
teda sy magnitud parm enfrentir
1 titanica taren de un ezpacio de
Tnvestigacion experimental donde
¢ gran temi es b fisica macros-
cipica,

—MNo hacemos fisica microsei-
piva porgue la ldea no €3 compe
tir con aquellos que han oplora:
do bastante ¥ con mucho £xito
este campo. El objetivo de este
Inboratorio es hacer fisica bisica
a partir de nuestry propia tematk
o e fdentidad para generar coses
competitivas v ereatives en terre
nos pocos explorsdos, Tratamos
de abordar temas originales

desde un enfogue también arigh
nal. ¥ en este sentido 1 fisica
MECEOSED tene muchag
COSAS que Wi

El dosetor Melo dice que Ia fisica
| mecroscopica ¢ “de verdad”, pies

Tos problemas v las =oluciones s
practican en terrens. Es una fsics
de T therra, por ko tanto los exper
nentos e realizan con los mismos
materiales, “5i estudias 1o eslre
lns numca podris hacer el exper-
| mento real”, explica.

Pragmatismo
Francisco Melo decidid estu-
diar fisica porgue tenia ln idea
que esta carrera le permitiria
“tener una mejor vision del
mundo. Pengé que iba a entender
mejor & la gente, ol wniverso, ¥
que iba o tener respuestas mas
rofundas a temas mis espiriiug-
les", Sin dudarlo confiesa que
esag expectativas nuncl se cum-
. plieron. Sin embargo, esto o lo
pecepeions en absoluin, i,

e N S R

estudio v desarrnlla de la fisten fe
vuelve mis pragmitics, objetive
v realista. En esin discipling no
fuy hugear para I'.‘Hp‘.'clllll.\'l:l.én".
A pesar de bt extrems s
dad que rge su jornada disvia, ¢
clentifice se fus ha prreglado pam
hneer olris coses que fe gustin
liser un poco ¥ s hre Godo asiatr o
lpa estrenns de su polols, Mirce
" Goyeochea, beilurina del ballet
del Teatro Municipal:
Pero por vl momento todas
* sus energlos estdn centradas en
1o consolidacion d Iaheratorio
signifique
nfag olras
cosns gue le gustnria hacer: tenee
un bote a vels, por gjenple, o cul
\var un jardin en una casa de

cammpo. O simplemente tener mils
tompo para & mismo,
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Granular Objects, if Jiggled,
Mimic Atoms and Molecules

Current theory cannot
explain a mysterious
finding in sand-pile physics.

By MALCOLM W BROWNE

A group of physic
Texns has reporie:
when a thin layer of i
sprend over tha fint botlop
Lhe eontainer 15 jIggled up and ¢
rhythm, the sphoras Sponin
Lthermsely Lo pilterns that seem o mimic
Behavior s molocules and crysials.

Slmply by 1 thi rate and intensity of the
JEaling, aded by Dr. Harry
L. Swinney, induced e 1 of tiny peaks
i dlmrrll:ﬂ in an otherwise flat layver of briss
talls the size of sand graing, These penks and
dimples, which the group has name
lops,"" pe
aletrical
like similur
iretl movo apart, wh:le O I
engh other and even seem to (orm

Somelimes as shown in 2 serd [
able photegraphs publishid in the currant
of the journal Nature accompanying (he
group’s report, the peaks and dimplos oven join
together 1o form objects suggestive |)| woms
Same join to form mole
ing palytners, dand othoen
Arrays suggestive of the atomic Inttice s
tures of crystals,

Sty of the behmvlor of
has broad appllcations in
thir hancling of industrial gy 6 ke furtll-
fzers, chemicals and axpho Hut sclentists
arg |'|.||.[:|l,||l.|1 Iy intriguesd |:||,r the underiying
physkcs and maothe s of this fkeld of re.
soarch, and (i philos |I ||1.|||||. atians.

Dr. Swlnney ack ll;.'w! ioan lerview
that ha did mot understand why or how (he

it the University of
ing discovery
s spheres s
Al and
Pl
INELY OFpganie

cinlar materials
15 well as

ascilions discovered by his group formed
they did. He f8 refuctant o speculate \l.!|e|.h||
Ihese surprising entitles might be muonife
Hangs o same deep and peniisive principle ol
niture that coubd include miles: thit ed to fhe
origin of Hie, Certalnly, he siys, no existing
muthematics or phvsical Lheory explains the
craition or be or of ascilbons

But the overy s cortain too touch off
discussions with remne branch of sclenes
COMTIn Y phiysics,

During the past discade, study of the dynam:
behavior of g substunoes like sand, ¢l
or litthe brass hod o the concluslon
thitt these muter|al: stmilar in some wiys
o snkids, Huids md gises, but fundamentally
difforent from all of them in other wiys. From
tis and redated research, most of 6 wsing
lsilrI]l|L .uhh. -ip B ALE (and some very
> 1545 hivve di {
may hive anden from
s concaptually simple s sand pilos
o Yeelf-organized eriticalite’!
citla ago by the Banish-Americin
Per Bak and his collaborators is an

Wit |nte
Al Gare, [rogases
[ ently thul L
udivig enrthguakes, geok
intion and the
lches fer prains of
dropped one gt & thme oa o sand pike inere
the lopa af the pile beyand some critical
i that fead o self=nrg
cording 1o Dr. Bak, undery
when ralotively little of §
Lintiee hisppens, as during the g
it pile. But once a certaln
mdplle is said o be in & ¢

which o redarganization affecting the u||.u| e falle
— an pvalanche = can hoppen very ahroptly
The sapd-pile analogy can IL|:I|J|\' o mEny crils

watemE; [r

Bik

_li | I
saalnn af ehemicsl I"\-I"'IEb lending toa
Continued on'Page BT
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Fandem e Vorisiige, aueh wain Minisier Dy,
Hirpen |!|_|_1I|!|:rl. g Eriiflnungeansps-
el alen Adipsten s s v uer wehios
pen, teuen Dinfoemntionswell detlich entpe-
genhicl: Dok Enuberwort beill Medien
Eompetenz!™

ALb

O eing solelw Fiihiykl:ll, elie I-:illlg.[.:l\.\..
aich bedeubel e wigsen, wi der Kol zuim
Avsschuhen der Muschine 8", ollendings
v der Mehrhei der so Mulzem ;.'_L'wumh:l-
len PHirger wrich erwaehen wenlden knnn, durl
heameifell wenden, Denn melr als cin
Erapllmck iat gefordan, sich in der maili-
mzlialen Wielt von morgen surechieniieden
vler sbe par sinnstifiend e skeh eineusetzen.
JLe Infonmationsvernnehn it-
lich uber wicht Sehrin mi der i dlier
Solekiinnsll '""l ket der Menschen™, weighe
sich nech Professor Ludger Kiilushs 1|||I vy
der Universich Freibuerg skepiscly, der in sel-
Tom Vestmg aof die Bedentung des 5
il einer inslinstisnulisienien Politk im
‘or dles Cyberspoce cinging, !
theses LDie globale  Inlenmatioesgesell-
sehinll erfoedert mehir und  nicht wen
atzatliche Aworilie”, denn Orientieningswis-
e it Mesal ol die es kein Genesnawoll
poben kelone, seien heine Murkiwerie im
Sivne der Moediennetae, I-_'||t_-..|:||;-|_-|.||_-||n_| weile
es keine news Demwekealic Beiny Blnirin in
s Dnformatonsgeeialor gelban, Vielmehe
sep e Gulie) Demokmtie geforder, |
wenbalingungen @i schalfen, um einer
whtgmiaiering der Gesellschall™ - ponlo-
serwedae areagh durch o mallimediole Ver-

]

Von Bronzekiigelchen, Muster

Crmtalare Medien beglelien uns ol
Schiriel vnel Triwe = nicht nur beim
Srndspziergong, Eu dieser Soll-
_Klasse gehiren neben Sund eine Viel-
U1 Bnedustriell bedeulsimes Schilli-
pider, dig file manche Ubermschung
put siend. Die Tutsiche, dall sich
Miss ihrer Grilde naeh enmischen,
SR I =i 0 e L sehitil
teh, it nur cin Beispaed lir dis beeie
S|s\'kl||,|||1 (18] l_ll\cl{: 5 s el
ten unid Mszinierenden Pléimmenen,
e den Physiker herusfordern (vgl,
2, B onuch Phys: Bl Mow, 95, 8,
1A, Edirdich wonde dieses Spek-
i dieeh lokalisierie .I'I.I'lll.‘j_.'l.lnllh'l'l
hensichert. die in einer geschinelien
Selieln mae Brompekilgelehen suline-
gen ol ol den Mwmen L Oszillos™
petaalt wunden s Alb, 1)

I‘h:,"cilu'l i Aistin/US A und Swailn-
pChile labsen i einem konaeptio-
nell sehr einfichen Expesiment dhis
Verhulten ven Broweekgelehen in
einein Behlifier umtersucht, der i
hanamisele Schwingung in ve

Ploys. T8 32 0190 M. 1

vtung = e Bepeg e, Obadie peus Medici

i vy der Mew Yok Lliniver-
sy ‘hll.““.' Luiely hin eher pessimistiseh™),
wollte wieh Ludger Kdlwlsadt mchi sinapls
Naleremd  beantwonen,  Viehnels D
Saght Iafoemutien’ verbieill akeht obine
wolleres eln nenies gelobies Land williger
mil |1|'r|'ukh:r Demwokrtie,™ Do elekinoni-

ez Dabebazin big hin aunn Tebe-Yoting
tonoeh keln medes Alen,

lierans-
drkalieren-

||.||L| v
auldbren. Denn in den -.'n.lu
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el

1, Simon

e, D, Jens Sliooa sg Mlachedier deg Fors
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Aul Einlusling vien Dislesforschungsmi-
| Movembier
ternating sperenmele  eine e |
sl e der rechtlichen Rahmen:
Bedimgumgen und Mikplichkeiten vomeh-
wwenn dinel eehivsche Verlbren bei o der
Milbeaschebebimpling G Inleimet be-
weerel, Ribggers schililge ueoa, Dolgernde

Shubombesen wor Bekliomphong der Mete-
beschimnalee™ vaor)
o Mulliosedia-Mutser mbssen sich e

Wl seheen, Wer rechtswiddige Inlalie
i Incermet lnced, sollie sie aer Palizef
siredete, |00 Bestelie e HpE|1|:I|L'I|k|'iI.n'.l|
Fitrer dliglear go muckhen.

o Afle Prowider  salllen
Selhstkontmelle orgenisicnen.
® D Industrie sollie
Lelekiromisehe Schlissel e den PC im
Fouilerzininer cimvickelin and nuch bip-
lehikeit kistenbos nnbleien,

= Einder wnd Jugewdlchen midlssen el
sinivasllen Lingang mit dea nesen Median
erleemen.  MeHenkompelens  mull aine
e Bblelungzalzibe weiilen,

bl Ditennetae, bel desen nitlong
vl an Cireneen siolien, erlondenen
itermation| Mindesistan-
il fir eine

FE R AT

Ll ilier ol

A

wereinbirte
SMelzmoral®,

Cluelle: BMBE

bildung und ,,Oszillonen*

Fer Richinng susfibe [P, B Unshan
lvowenr el al. Mutere 382, 793 ¢ 19496A))
Te ek dler Wall van zaed Konjeoll-
porametern — Freguens uiwl Ampli-
L e Schawingung — kibwnen in

Eupelschicht regeleliliipe
Selwingungsmivster entatehen {gui-
ditische  Ciillersirukioe, — Stneifien)
Abb. 2 weip dic enlt-
sprechensden Gebiele fm angehfiigen
Plimsazing

[He Osaillinien b
wesser vom 2. Al
brensdouer™ heh

wen Durch-
hen. ihre e
dpt mehrere |00

Al It ﬂlnduxlulplullu Aulianlsii

B 1 i elower 17 Logew 1Ipdsu|:| Schicht
i Beimechkilgelohen ol Dhirelsiaess
sern wwlschen 05 and 0,18 o
evilurderle, svlinderfirmige Beldilier,
i alem siehbiv Kiigelehen belmlen, hit
elnen ca, HIONMe e Durelonesser und
whrnpd ainlt chiver Fpedjuivies v 20 12
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Al 21 Dos Plnsendiagronmn izl die Gehice
le, b denen apuelendbselse wialfoder stecilenfir-
mige Muster sonde Osallomen pufireien, by Ale
lidngigheil doer Freguene 5wl = amstelle der
Amplilmle A = dein Verhiiltmis I von nensinn-
o Besclibeumbgurg nufgrumd der Selwingong
i Sely anchbe g g (7 = detd e,
e rplinge eavisebon foeher ol geonester-
ler Schicht zelpgen Hysterese: Eeldill mon el
lesiter Freguuis den Parame I, =0 suled die
Mlusteelsilelumg eest bol dew nslt B pekennesich-
welen Werten elin Ernledrigl man dorandlin
weiedler 1) s WWeibien die Mister iy g i
& gekennevichiveten Werden lestchen
Il = = 35 102 acllieh sich ¢in Bercic
e Oledlbnisen exbstlervi, die el dlen nali @
pekemeeichneten. Werten verschwimilen, Os-
zillomen treten erst ab Schichudicken vin 13
Lagen unf, durunter felilt das enlsprechenile
Creliel Bim DEapranm ch 1% B Umnbanlsosare
el okl

Orsetllogionen des Beldlers, und sie drillen
fiulerst Longzam wmber. 2o jeder vollen
PFerlode, beim Zusammaiolh min dem G-
filhoden, wechselt e Fonm ewischen
Higel wied Ernter und wmgekebt, Gilelch
gesell sichien gleich™ will inieer Welt wichi,
denn gheichplasige Oszillonen stollen sich
mit winer Kurereichweiligen Weehselwir-
kg aly [ Reichweibe co, 18 Oseillon-Dunch-
masser], gegenphosipe dogegen wichen sich
an und Bilden dipodiilnliche Zustlinde. Sogor
(mzillon-Molekiile™ wie e Tetrmar oder
cime Polymerkette sind ndglich, wsd der
Ll VR TR T TS shien Osxillonen @
cHN n'l:q'lnl.'.l'.igl.':u Clsal o= Krastull {nmn-
losgt ey Jomenkrasiall) G sich mslersi-
chien

Chael WMo tecten, s die Hy potlese ous die-
sty Llndersuchongen, unter gwel mechi ollpe-
minen Vormaseingen ult Energiediss-
i v Flystesese, Erateees isleln elhank-
leristisches  Merkmuol  granulirer  Medion,
nber pallielich nbeht aul diese beschiink,
letwieres erdiubl die Koexistenz von strukiu-
riartan wid Machen Bereichen in dee Kogel-
seliiehil, Die Sotoren hoflen, il diesen -
prermmenten sehe allgenicisen Cheselamdily
kiten I abar lell' #i azln, die
Warsddindindy von Musteibildung in
lerlichen plysikalischen, aber uncl biokagi-
sl wind chemisclwn Systenen filut,

m Jondn

rensa, Revista Physikalische, 1996.

Vermutung bestiitigt: Massives Schwarzes Lo
im Zentrum der Milchstralie

Was szt lungem vermuotel wind, luben
Aatropliystker dies MEPD e exlmbemesdisehe
Pleysik in Garehing (MPE) fetat ilereagend
mchpewiesen: lin Zennim der Milchsirnie
AE el imassives li]||;|:k| LU ) II'}rI
Sonnenmissen, dos aul el reliniv kleines
Welmmen beschedinkt b, LD unvorsiell-
bar grole Masenkonzzimralion st noch mit
ainem sehe koenpakien Sieril nichit
mehr e eneichen, Als ErklEmng ol
bleibl nue noch cin mossives Schwarzes
Leweh™, mednl Amdrens Bekart vans MPER. #u-
samnsen mil Feinbarl €
auchen n Matre  verbilTentlichiien
{MNntre 383, 3, Ok, 1996, 8.4 15),

=

Aorbseit

Lin Schwarres Loch wind fisdiveki iiber die
Bewepung der Obpekie Bn seisem Binlubbe-
reich nathgewiesen, Bedingt durch die Aul-
It Bl per
war es nber nicht miglich, Bewepungen
senkrechl wur Sichtlinie (. Bigeabewegin-
pen) von Stermen und Gaswolken ime Zen-
T eler Milelsnute direkt 2o messen, viel-
wiedire mulie man sich mit der spekinoskopi-
schenw Bestimmming von Ceseliwindigheiien
in Sichilimie Rodinlbewegung™ ) hegniigen,
Aul der Busis solchar Messungen und An-

[E-Teleskope

nahmen dber die Orbits dier Objekle = vor

allem: kreisfrmige. isotrop verteile Buabinen

bzrulil elie Vormutung, dalt die Diclie im
Fiewirum der Milchsimle estrem boch sein
mitisse, Tritlendie Annuhmen nicla 2o, wéien
i hisharigen Baolaehtungen such ol ein
Schwurzes Loch inerpreticebar,

T e jetwd pobdizienen Schllisselexperd-
ment™ (Ceneel) wunden tbere vier Jubee hin-

| ] e
Midah
a0 Liske{ s
= ]
P
—t-ian
1 L] —
AT ar iy
Al 11 Brstmals Istoes gelumpen, dlic Bigenle-

WEREIE viMn SLornen in uminilic rer Mihie dis
Zeoteunis der Milchstealte Jminekiorl dlurels
T mesEin e Pleile sefgen jewells e
Hielstung dler Bevepungen un, die Ple
symbindisivel den Betrap, Die Glser vier Juh
Tiinweg nuspeliibeien Mesunpen hest@ipen dic
Thy ot Biese, dhulb dlie O ek sl lsolrop veriell-
tenn Keebshnbonen i cln selie massdves fen-
trum, sebie wolesehvlnlich eln Selownrzes Locly,
il LA B WS

o2

el Aulor ciner

Anlbisnimg |
el Nopomse i seldinkd {link
Eombinntion Mew Techmnlogy |
~Fai Al LA and |
metrle pelang o8, die Aullie
geischnelen wu stvigern (rechis
durch wirde o5 mlighiel, dic Eigs
von cliceluen Slernen b Fenlram
siralke exnkit zw orfussen, (Falar AT

wep die exakien Posilionen v
Stermen in vmminelbanes Miile de
ften Badioquelle Sagittarius A
i dar Milehsimalie, aufgenca
Al 10, Vo 3 Bistel die Arbeit
uni grafisch die Bewegingen sl
tipstes Ergeluis 2 sy, dudl &
dler Ceschwindipheiten der Eigen
dieser Sterme mit degjenigen ibner
schwindigheilen sehr gut Gbeg
arius i1z sehlivtien, dul dus g
silafield prakeisch ison
Slense bewegen sich nlse tnlsk
Krelshihnen wm das Zentrom, oi
ilim vorbel. File Abstlinde griten]
o SgrAt, dem angensmimens
lallen die Geschwindigkeiten &
den Keplerschen Geseloen ab, |
[hasis Jesten Lekant und Gengel di
einer  wentralen dunklen M
(245 & 004 3 100 Sonnenmusses i
(L35 pe Abstand van Sgra® al, |

Miglich wunde diewer Durehly
einer stillen Bevelution™ in der T)
Infrarot-Beohachiong, (Wegen J.
wind Clusoanssen 186 sieh dus 2
MilchstruBe michi iy sichibaren L
welvien.) Bigems (i dicse |'k'||.".'i'\1'll1€
i MPE die el lisende, b
beileinde |R-Kamera . SHARP {
dic Bokart umd Cengeal o 3,58
Technedogy Telescope™ (MTT)
sehen Sldstemmwarte (500 in La
cinsctelan, Eusnomen mil cinem
findlichen  Spekirometer Wi
Kurggetioulnalimen fm Mal- e
ety wmel darie Speckle-Interle
Retztlich elie Asaulldsmmge bis on die
grenme cles Teleskops von (0,15 B
den harnbimchie (vl Ahb, 20T
whstamd von Stermen WG sichd
HIMilBogensekunden pens an

Maye, B, 2]




rensa, Revista Scientific American, 1996.

C-ju=HE 13142 FRUMI'CLYr =

SCIENCE WITEHL BRASS

Lianregnianl snapesseeints
fron tiny mictal balls

he cwillon s racher 3 modon
beasz, a pile of giny brass balls
that jiggles up and dawn and
joinn with ehae piles 1o faem
pasterns. Still, ity clisoovery nas
caused quize o mir. In o broath:
Jess tour of busrwords, the New
Yok Times cocontly linked o
cillang with the nogin of lite,
stifoepanized erivicaling, frace
tily, human individualiod and
complesity. Whe knows, the
amaring oacillgn may yer hels
finoncs & 15 perecnr rax cu,
But even stripped of such sme
bitiong, the aseillon remaing a
curious creature. The objse: np-
rearsd when Paul B Unbane
horwear of the Undversisy of Tex-
as at Austin and his collsapues
vilieattel 4 eray of brass balls up
and dawn. The balls, aach lass
than 0.1 rmilhmwrer in radion,
tenueher sesembla saned. As snve
ona who hos trizd rumning enon

OSCILLONS
el ot yet exlvin cunsciois
aess et ave sprrring tha seavel
for & theory of gravsdar sredia,

sieipe prresns Appear on thy surdace,
puleing up nnel deown ke sranding waves
it a Mkl ‘Ui oseillons—isokied peals
er valleys—Sorm ar loweer fraquencivs.
Somurimas, Uimbanhowar aaps, ong can

starr an aszillen by touching the “sand”

suelaee with a peneil. Tha inlbal depros-

threse gus-of-phags oacillung pull ogath-
er it 2 bound pair or jein with vther
weh paivs inea elning or squave lattices,
"|ha entive patern pulsates m o4 way
churassseistic of forced aseillations.
Albtheagh el behavior may have in-
smired unwarranted hvpe, the oscillons
are aill intrguing Lecause they lock o
st [Heg=—and aee yar unlilbe—exciratdeny
in seher medls, A tray of viszons fuld
vibrated up and down acquires 2 vacis

Hanl ineay Dynamics
meach can vestify, motion insuch g med-
wrs dampt out vary fast, In the physiglan
gxparimuent, the vibeasien, ar hamwesn
10 10 100 eveles per secand, freds dnur-
gv canstanidy to the balls, allowing rip-
ples and other fanvurss v form o the
surtuce,

Liffazens pattezna Fryrme as the vibes
thon i varied. When the powder is dhak-
en s ebout ewenand-a-half dmes the ac-
poelupation due o geavity, squane and

Meres ang Annlysis

sien pushes up nth & poak and then
eollapses back into o valliy, Jraleenares
berweer Ml and araoer ar hulk the (ve-
guency at which the way is being driven.
The cselllan drifss around siewly and
lives indafinitely.

[f rwo er mace osctllons vibwate in

ety of surface pamerss, Including peaks
and ceaters. But theis excirationg are
nuat wa idslaledd as those obaseved in the
bras-hail may. Moseaven thees 4 no
thanry 1o describe the dynamiae of a
bronre granolar cabiance. Analogies
with flulds are rempring but fall apar
under eloser sruzing Foz exomple, o
flucd kas o temperatire—a measure of
ae ameunr of random motion of igg par-
ticles, Bt because the graing in & send-

I mlZaY ]S

phusa—thnt ig, becoma hills ac the sare
thime—they eopel, ‘Thres such oscilions
&1 arcangs thimaslves ings tois
if vwo wsalions vibeate ous b p

iy, B0

et une ceaehias ios peal whon the o5
et Iy o croege, thay aerase, U shey conme
within 1.4 diamaters of cach othar,

thi tray imparts motion to the e
bzt o Ruigely wadused ons il
dHererly eranalazad into

af masion for sand and keepine ox
mieneacs busy davw b
ties, What moee sould a
ford -t

[R5




rensa, Revista Physic Today, 1996.
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rensa, New Scientist, 1997.
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PALL Umbanbowar, Erancesco Mol amd
1 wh i lot of e |‘|.15. i
with sand. It seemin 1o be a popalar pas-
tiznw for plhysielsts thede days, 16 a et
ey are immatiere o nostalgic for the lest
diys of ehlldbesd or i||1}'l]l||'.p, Ik L.
M, in thelr lab at the Uiniversity of Texas
ab Avistiog these three have been playlng
with zand 1 the ambitioas hope that i
mighl help them understand how and
why patterns form, Mol just palterns in
sarwd, mird wou, bul pattorns evervwhore,
fresm the imenae cellular stzuglures of
flewing alr that ferm in thunderstoems to
thar very sleipes on a 2ebra's bagk,

Is that posslble? The idea that a single
theery could explain pattern formation in
such diverse settlngs might seom ludi-
cruias, But in the pasl len years, ssienlists
lve Found strikingly similar In the pat-
feris ferming by everyLing eom ks of
stlered chemieals and dishes of growing
armoebag Lo Melds of freering and thawing
tundea. The nature of the uaderlying steff
fs seemingly ferelevant, as iF the brue roots
of patlern formafon iy in somme deop and
as vet unrevealed mathematical similar-
ity betwern all of these systems

So Lo study patterns, Umbanhowar,
Mado and Swinney bave been leoking at
thee simmplest patteen Foemdng system Lhey
citir think of=—a vibiraling box of saod.
And they haven't boen disappainted. Ina
thin laver of jigsling grains, they've wil-
nessed (e spontancous formnlion of rog-
ular arrays of sirlpes, squares and besa-
gons, And they've walchod as these havo
disgolved Into berogular spagleil-lke
tamgtles of ridpges and valloyvs,

Lase year, however, the o stumbled
onte it truly remackable pattern that ro
one had evar seon before—something
they eall an “osclllon”, Much lke Hny
dimples or bumps en the vibrating sar-
facye of the sand, oselllons it alwul Lk
tiny particlos, and have the remarkahle
ability Lo comblne to make complos sine-
tures which ook for all the world like
meelegiles and crysial latilees.

Theorists ane serambling o delermine
the slgnifleance of those strange point-like
patterns, but impressed by tholrability Lo
Ealhoer 1|,y:.1__;'|_h..-r 1 make Larger paliern=
umfund 1l 1w

Hitrry Swianey sp

vt e alosalse s
Texas lam may bave come upun L
wery tatoms”™ of o fundamental theory

rensa, New Scientist, 1997.

From an animal's markings to the

ripples on a sandy beach, nature's patterns
may all arise from the same simple
building block, says Marcus Chown

A pattern emerges

e

[

prattiern Eurmition.
The sesrch For sueh o thaory began long,
auun and o thelr efforts b unravel i, even
giands such as Galileo, Mewton and Fara-
diny woere attencled 1o viksrallng sand. 1F a
s imtallic teny 12 macle Lo vilratee—
by subjecting, 1 Lo foud sounds, for oxame-
pli—ithan sand in the tray will spoala-
nawsly areangg it=ulfinfe pafterns known
a8 Chludnd figures. The sand naturally
stavbhies i samma roggions, 1 shuans athers,
Mewiton, ia explalnlng why the wand
mioves as B does, highlighted ona of the
Ky Features of the boebaviour of vibrating
grains, The higher they bounee in the air,
the muore viedently they collide swwith other
geains when they corme down. Sdnee these
impacts ane apt b impart some sidoways
oo to grakng, sond “diffuses” from
pliaces where o plale = vibrating b those
where It s statlonary—the  so-called
“rodal” lines——=swhere il collects in piles
Bzt Chlacnb flgures ultimately tell you
e alaoul the vilsratbanal pallesns of g
plateer tham sof the sand itsell, To get
arournd ks, and to really get al the fun-
damiental asperts of pattern formation, the
vols Dt s o Pl conbadier, This
easures Lt the palterns et stmply
enforced by Qs (Mexible vilealions, but

WA T I dind
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reflect instead the bebaviour of the grains,
and thefr tendency bo “self organise™
Umbanhowar, Mgl and Swinaey
began their studies live years ago, irving
t dEnpeove on other researchers’ earlier
enpueriments which were done at atmos-
phoric pressure and with layers of sand
almeat as thick as they were wide. [n theso
varhy experiments, not only disd grains el
] WiITH & ALY L
wiks alwin showed h:u' the air and the walls,
“We'vie eliminatled these complications by

rensa, New Scientist, 1997.

usdig 4 very thin laver of grains in a vae-
sk, L Umbaatliowear
Thae wearnt's "t laver
partieles wide avd only g lew particles
dlowpy 18 it dn a shallow mwlal pan which
vibrates bobween 10 and 200 Hmes per see-
il "ln the Elu'-.j:n.'!i.n-; wie vised @ e

speaker o d
ey, “Hut,
lv'er, Now we use an eleclmechanical
shaker which vibrates the lver ovonly”

The fenal Ingredieat in this simple
espurlmental  setup s [Hwmination,
achieved |.'l:.-' Hu:‘rk.1|.||'.|.||1|_|: the mietal jran
by 4 ring of strobe lghts. This low-angle
Hlumination b such that w
vibratingg lavier i obsrrvod willy & Camwera
from abiwve, those geains which bounced
Righer than the rest shine brighlly while
the sest appear dark. The sigobw ashes al
bl el 2ake &t which the teay vibeates, so

the vibralingg, sys Sreln-

I by pically B

ad a tendency 1o Lilt the

the s moge vigoron=lv they' s pat-
Steipnen, syl
erer apparetly b

i pliludie g chies same 1w

Lieris, ]

s gons

e Tha

orathan, light ansd dark
juenstes above 40
arrays ol sauall mgisines appear

Jencies w411 I|u-||.' If the
acceleratbon amplitude s fnereased fue-
e en s dhpesliolad of alssant four Hmes o
mal gravily vebanasther patleri fanms, this
Hewe an array of lexagioins, And as
that adealeration nmplitude winl Eneguency
in 1 Laver onters

Ll GRS

r
i, hexigons, spira 2l
pieture that resalis from (s esplos
ratlen of papamater space is commtplianted.
Bl il can be |'||.'.|l|:.' |'|'.|,'.'.p-u.||.|.h'.| I a
plise diagrim (soe Diagrar, p 60, as the

Is amwd ir

‘Scientists have found strikingly similar patterns forming in
everything from tanks of stirred chemicals and dishes of

that the team catehes o "sapshot™ of the
layer's profile after every olher up-down
cviele of the tray's maotion,

The idea is simply to shake the box at
dilfereni I'h'|'|l.l|.'-|'||.:ll.'h ared am |J|il|.'n.||.'a
arel gew whiat happens, The "adevleration
amplitude” 15 the maximum acceleration
of the tray a8 it rises—a convenient mea-
aipre ol thee vinkonoe nf the shakbme A

sils thene i a smooth layer Bud as soon as
Umthanhowar and his colleagues shake

L R = I LN Y

growing amoebae to fields of freezing and thawing tundra

i IReueney a
ton, and 1l |

amplitude of

ot Wl you

CTTEe.
ay Boexpala why one

Tk otk e ! Sesing

1t arlses rath
arsvees vome from a model put forward
b Lo ‘Tsivmreing of the Dnisversiiy of Cal-
ifoarnda I S Diege and [gor Avansan of
the Argesne Natlonal Laboeagory in 1=
nois, Thelr bagic fdira is that o vibrated
Lave i unaderzoes wil Yk
b fon par mactric insdalaliiv®, Thes
happens when the periodic Kok of a vi-
|.1r.|l|l'||; |'J.| Iyt |'i.|'c:l.+.:4.'|.*s ||l..'i?|._'.|_|n_||. |1.|II:.'|'4'.-.
It the szl lower i much de game way
Lhaka ehild makes a swing go by bending
ler ko ewlee every oscillablon periad,
Az with the swing, the period of the pat-
terns i fviee ik H

In thdr ma
felamw the ddeveloping pattern usiny
fon's labws af mass and momenstum cone
syt iy ..q'i|‘|u'.| to L ey o HI.‘.III'I'I.
Tl swsdel dovsn’t foal Hhw grains
nelividually—swhich would be computs-
tionally very demanding==hiit "smoars"

1hess Nk (T

s

that grains that go high are invelved in
wiadent gollsicns which push them side-




rensa, Comunicacion Universitaria, 1997.

Dros Cateclras Presiclencises
de Ciencia, de un totad de 15, ob-
euve nuestrd Ulniversidad v corres-
pondieran g la Dra. Marin Victoria
Encinns Regas, de ln Faealtad de
Quimica y Biologia, y al Pr, Fean
ciscm Meln, del Departamento de
Bisica cle Ia Facu de Ciencia, La
distineidn la pecibieron en un wcto
presiclile poe o Presilente de ln Be-
pubslicn, Beluurele Fred, en el Pilacio
de In Monedn ¥ e reupid o los
mis distinguicos persoreros del
mndes académico v cientifico na-
ciomnal, B LAS POTOS: Los mo-
mentes en que I 1rra. Encinas v el
Trr. Meln reciben el diploma que
Low acredisa comiod tecdr s Prestiden
cial 1997 cle mmanes el Presiclente
e Ia Repiblicn,

]

M dle 2000 ingenieros provedeni diversns pai-
e latinoamericanms y profesionales ehilenos se dicran cita
en el BV Congrese de la Condslerscidn Panamericana de
Ingenieria Mevinica, Blévirica y Ramis Aflnes, COPIMERA,
gque s clesarredld en esta Casa de Bauchios, Bl evento feluyd
sliversas activicldes, entre estas, In presenmaciin de trabajos
réenos en el Congreso v uns exposicidn de equiges en la
Primera Perla Interracianal de I:iq'.l:|||1| 1, Materiales ¥ Lervis
cios de [l'lﬁl.'l'uil.'ri'rl Eildeeriea ¥ Mn:\':irl'..r.l e I.Irj_].]_".ir;vl.ll L& em-
presa FORMA. BN LA POTC: Lo eeunion del Conscje
Direerivo del L‘I:J'.'IHEI.'MI\ al &

lagse ol eveita,

Ui e oicin e instriamentos antigans creados por os lugl
cliilenes Mecaree Opaorte, Jorge Monte
fise: L aeezevicn prinvipad del 1% Festival de Misica Ansjpue, ospani
por ¢ Departamento de Actividades Culmeales ¥ e comjunte de miusicr
artigun shvntaging Musicues, B cste encuentro musical pasticipaenn
eliet cle les pcds imsportantes conjuntos exponentes de la musich antigea
en Chile. BN LA LFCTO: Alguncs instrumenios antigios relizados por
bews Luthiers ehilener.

L




New twists on nuclear rotation

sutrinos weieth in StﬁlﬂﬂﬁMﬁﬂﬂd learn’ MRI' zets inside F”"ﬂﬁﬁﬂ”mh




s wseel empacical many=horls
CEILE LS
Besth lead wndd alumsdninn lrm
lilk Fneescomredsenbae crystls
Howwever, the simoalacions showweed
that tinesyives e of e
Liertade, weith civssesecivarnd sl less
tha a1 erdiend value, &, vl i
Mansans ek v
sirueturing The erticul i is
ilice e tises thie ligiaae
Dettweeeet feamvst gl in e
resrespening ek erysial,
s PRI Pt [t
ath o senesath elosi-
|'.\.I\.'k.l:'ll. % ~ Mew g
el e foemee, which (he
sebreluers Divee callisd "weivd wi
Tl vl steneires foumsl G Jead ancl
dlmsiimaugse ane similuy bt ehay are wol
iedemstienl, I partieuluy, alumsiniom win
1t |:||| 1o sl iceanhecbiml steoeiores, while
e,
L .,|.|||||||||||u.: I
rislied, oo wesemeneate witls
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EMOL,COM Volve

Premian a Estudiantes que Inventan Relojes Granulares

afiambre de 2001

Jovenes aguzan so ereativicad en pro de la relojeria. El programa Explora, de
Conevi, desalto w bes jovenes: maver granes pary medic un it exaeti

on 68 relojes desde § regiones, Bl profesor Franeizee bMelo, fizico de la U, de
wot w presidente del jurndo, sostiene que [o ciencia pi o resuebve una v
1 di los problemas de Iy

mchos fzndime
¢l sentido comadn,
paleraless,

Caming por ¢

irunl &l alnbo ln imaginacion de los inventones

LT, pura

lels, Deeankn Simunovie v
una diverss

alogria

Tsiee Sergio Ricw integraron el jurade, porgue la 0§
Lque requiere mucho esluergo, una e de lneer e cosas, wn aetividad gque se hace con

I, una av'em

Categoria 1 a4 Bosico: Colegin Boesita O'Higgins Riguelne, Chillin
Profesors Edith Oriega Flores

Adumnoas: G

wenn Fino, Rubén Chandin Peiiulolén

Cateworia 50 8 Bisico: Colegio Fermdndez Ledn, Lle-Llen

Proficnora Ciloris Menares

Prafoson Juan Francisea Aravena

Adumnes: M. Isabel Avilés Castille, Ismacl Bayo Tapia
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BIOALAKNET

Fundacitn Ciencia Para La Vida

i it dedhiac @ bk e b Beosoradiga ¢ o Seckar Padariva

Revinta SRS

Enmpo - F snumn, M

FEAMCT SC0 MEL O
Bigte mwlogia Seercardo b Fisica 4 1a Biologia

El de samrolls de tratajo dterdicciplingrio , que penmita 1a fonmaciin de
fick oz profesiorak s que aporten solic ohes a problamas bidldgicos a
trmrés de témicas experitettales v de rodelarvierta e s 1ma de las
metas que se hafifado el departarrerto de Fieia de 1o TTSACH.

LaFlsiaes lacenciade las leyes mis
gerwerales de b nahmwa ks 012 e
ectdisn las partionlas e krrertales | las
molécubis, los materiales | latierra yel
cogns pero tarrbiin abarda los
ferdrrwnos bioldgicos 4 trawrés de 1a
idenitifica cidm de los proce sos fisicas
hasicos de s sicterra s wims e darde
laexperirertacin yeluso de 1a
teoria. Sihenbargo, para e lestadio de
ectos cktermac deode elparto de wista
delfiicn , es nec esario ¢ ortar con toda B
el Copoc drderito y 1as leye s gererales
aportadas par 1a Biokgia.

Por estaramin e ldiector &1 Departarrerdo de Fleica de 1o Uhinersidad
de Sardisgo (IS8 CH), Francicco hElo ha plantes do fonmar

profe dorales capace s de darTespaeda 4 alamos problamnas que
preserta labiokbgia actial desde elpamdo devists de b fisica

“Cioptn Departamerdo, ademi e de b fick atradic il hos TkeTesa
explorar 1a rterfamerdre la fidica v la biologh 3 desde mi per gpectiva
T0lestTo ApioThe Paca PO POTResT Folevras ke matierda o que penmitam
CATACTeTITAT 1re Jor 3 explicar muspditativearrerite los ferdmeros
hioldgicas . Si errbaTEn o QUETEMOS Cormertimos et hidlogns
degeatns marderer 1mamirads d fisico 4 los problrras de es

diar plita, para desoibrir ¢ do podemos colaborsr en fonna

e ciprocs™, sefia b el académmico.
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Do eca guietnd nac it elpropects de cresr mha

eeilela Qe apamte 4 1 desarrollo

wterdiccipliturio de lafEica. Francisco Melo

CTe Tied esaTio que 91 departanerto debe Tewar

1ma poltics cobwrerde com los projyectos que alll

ge decarrollan, evdre elles Ouatro de Lt
Dlejorarrderto de 1o Calidad y Equidad de la Departarresdo ros
Edacacide Smperior (Mleceamp) -dos enpregradn  dbers s cTearuma
¥ dee ehpostzrado wehryerdo b rednacional de riterface de la
doctorado enfEica- adenic de o acociacidnicon  fEica comla

el CTMAT yimroacleo Mk, “Todos sonde biologh oy desde
caracter diterdisciplinario y al ssTTesponsable MiperpectEra
de mmpar de ellos e parecid que era mdicads  rmestro aparte pasa
de sarrolbrima politi 4 ¢ obererite de trabajo P'T protreer 3l
deniro del Departarverto. Covphr e objetioos bidkgo de

de wm pToeres o tat arbd s comto el de herr arierdas que le
postado ca b ite gracifn de (firica, Fiica  penmdan explicar
¥ Cletwcia de los Blateriale s, a hire lpnramerde de los fendrrenos que
wrestizacian, significa ya ma gran hba de estndia.
commicas £n, para 1o que heos wenddo

de sarrolbmdn 1o perf il wone ahierto 4 otras
dicciphhas | cot coroc eritn o baiciorve = de

come fmcione lafkica, ls quimicay b bickbgia

¥ a1c splicaciomes 4 loe wreateri k<" explica.

Ingerieria FEica ,conmaf amucion
arplia, que Zararding egresados con
colidos comod indertos et amAr as
¥ fick a, emnrertacia ¥

¢ otrpnTtacite, o ot bases paTa trabajar
XL e Dl nertacion exvariadas dreas
- taks comro: ckhciade los nateriales
Fravwicco Meloplades 1y miedin arrhisite o Femmmetaciieg e on
e sidad & forrer aplicaciores 2 b cienrias de lawida
profesiomales capaces de 4T por ejanply. “Pars fortalec e estos
Tespresta s los problivwas que g ope chos estarnos mordardo roevos
preserta b biokbgladesde el pahorytorios de e stigaciingy

prto de vista de lafiefa, 2 gocanciay hemos modemizado Ios
trowis d e COMPTENAML  planeg de eshdio pars inchar ks

l\ La TT58 CH v= tiete e catrera de

glohal y orntitative del aplicaciore s y atamces |4 e dro
caracter divdmico de los jaicio, s mportartes de b fisica™
skterhas

El doctor Mlelo e shadic fici 1 en 1o TTSACH, hiego e alind 1w magider
ety Flek g del Extado S0khdo en lamions Thder dad yrrd s tarde sinio
1m Doctorado en Ciencias et b Ecole Homtak Supérietme d Lyan,
Francia, dord e desemnpetio tarbiin come prrestimada CHES, para
haego partir 3 Estados Thidos , dande fue profesor mrtado. Sderrds de
g labores ¢ opro director del De partarrerdn e knrestizsdor amociado
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del Fordap, Cettra de Brrestizar e Aeanmads en Cietwias de los
Dateriales { CTRIA T, dotds e std 2 cargo del Prograra de Materiales en
Decequilicio.

Flzica experirrerital en la frterfaz con la binlogh

Enla actaaliced Franckco M b esti
La TTSACH tire wma carters desamrollando diferstes liw ac de
de Ingenderia Fiica, caima it stigaciin, eh ¢ anfirdo con
fmacmqmgmmm acadimices de 1a TISACH, comto el
egresadoe consolidas dactor Engenin Spetcer, ql.umln:n
CohoCTiertos et tebrac aporra oot s lshoratorio de oot
basicos, de rarers que tetngan cellar,y con Dandd Hobre s, que o ha
las haces pamtra]:na]ar BT rmohuTado e e ltetre de b
etnmrertacifn con binirfomtatica y latéchica de
aplic acifm g labiologia. “ri roarr ™, e penmite el esbadio de
lanexqresian de geres.

Va hah Te alimado almos exper inertos, ecpec b bnerte enelires de
bimtec ddc 2, dotude han desarrollado métodos e xperitertales que les
pemmiter e AT las f1ersas presertes durarte la o dbe sidny o1
desplazamierdo de f broblastas, Tarbiin ecperan sbordar o 1 eshadin de
los “Fotos de e cirvderdo sh nerores ™ midierdo o1 robstes | a1
estrategiac de ol ko 91 Tesprlesta 4 COXMEAlestos Oy
distribnacioe de ¢ o evdrac ir puiedet et ar esr compre cisin et
akcéhila,

CIMAT

B el CTRA Tparticipa 1 gnapo de acadimicos de la Thiversidad de
Chile y & 1a TTSACH (que achla como cerdro asoc ido’), ditigides por
e] Premmin Hacional de Ciere s Exactac dochar Femarido Inmd . E1
certro bace especial érfacic altratajo diterdicciplivrio , congresatudn
a ficicog , eerderos, quiicos yhidlogos en el esdio de b Clenci
de los Mlateriales bascatdo Te spue dtas apre Sikitas copmo (Por qué los
df ererites waterii k¢ recpordet 4 esfiterzos e derrns de 1a MereTs gQae
lohacen?, (Ez posble weratfa chmrar wateriales | conpropisdades
preasighadas rroléicub pormelkaila?.

El CTRIA T presta e qpe cial ater im al estydio de las bincerirmicas,
mumteriales ¢ aho bmesos  cotwchas de los mobier oz o dievtes  Fdertando
desoubrir los detalles de mue procesos nabra ks de produce n,y a6
obterer Fetos materiak ¢ con CaracteTidicas ecpeciales . Francisco

Tk 1o trabaja ere 1tetra de os materiales et de o2 gailbrio prdo 21
gnapo de 10 persotias , evdre acadérricos y e shidisrte s de b TTSACH.

“hoto corel Dr. Jorge Paves e la TTSACH  ywe preonipanos del
wcpdio de las formres de crecithierin de bioprateris ks hac emos
chssriraciores s por medio de 1a mimros: opla efe cbo fierTs de los
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detalk ¢ atfrmicos de la nterfaz de ] cristal que mece 4 partc deima
sohicifn cahmrada por ejerrpls. Tal corvo oomTe e los sere s wEros,
ima pequetia cartidad de molécuh s biologi as madEica

dramaty stmerite 1a fonma de ecimiernto del @istal aXersndo s
Ciréti & yomosidad ala escals stdenica v de paso sus propiedades
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n COBIERND DE CHILE METRO METRO.

: e COMICYT DE SAMTIAED

Infarmacidn da Prensa
S& inaugura expasicidn interactiva en Multisala Cultural Baguadana:

MATERIAL GRANULAR: LA SORPRENDENTE FISICA
DE UNNUEVO ESTADRD ENEL METRO DE SANTIAGC

El Progrema Explora de Conicyt v Metro de Santiago presentan una muastra interacliva sobre las medios granulares y
sus propiedadas, que se inaugura este juevas 21 de noviembre, & las 12:00 hrs, en la Estagion Baguedane, Linea &, La
exposicion “Materizl Granular, del grano a la avalancha®, estard abierta a publico en forma gratuite hasta el 30 de
noviembre, desde las 10 a las 20 horas, Los establecimientos educacionales gue deseen contar con visitas guladas,
podrin solicitarlas al teléfona J654573,

Con presencia de Eric Goles, Frasidente da CONICYT; Haydée Domic, Diraciora del Programa Exglora; v Rodrige Azdear,
Garenle General de Maetwo, se inaugurard esle ueves 21 de novienora |3 exposizion inleractiva "Material Granular, del grano
a la avalancha", qua invita a dessuber las sorprendantes propledadas 9 los materiales granulares.

La mueslra lorma parta de |25 actividades contemaladas en el convenio anual da colaboracidn suserila, por segundo afio, entra
gl Programa Explora-Conicyt fa Comision Macianal de Invastigacion Giantilica y Tecnalogica (CONICYT), Matro de Sanfiaga v
la Corporaciin Cullural MefroArta, que liene cama fin gcercar s ciencia v |e 1ecnciagia mesivemente a les persangs, Para ela
5@ han valido de [a genergside conlendos sdusahvas atractivos ¥ de inleres gansral, &n un 12 lloy can imagenes
llgnas de color, lal como las qua va &8 hen dasplegado an la segunda varsion de |la Campana de Yelaresion Piblica da la
Ciencia v & Tecnolegia 2002 ‘Las Formas: Creaciones da la Malureleza ..Constreccionss da la Humanidad®, actualmente en
gxhiicidn en estacianes y tranes de | Aad,

En la oporunidad, los visilanles podran saber que fignen en comdn s caslillzs de areng, &l cale envasado al vacio, lalco a un
paqueie de glmendres salades, Ademas de ser slemenios catdignas, ldos san malariglas granutares, Mediog qus ide &
sus periculares propadedas, son considerados par os cientificas eama un nuevs estado de la malaria ¥ can compontamianios
dilergntas & o8 matenales sCldos, lguidos o aganss.

El malerial granular es aquel compuesio axclusivamenle por granos o parliculas independientas v de tamano macroscdpico, "N
impoita &l ellos 2on minerales o venelales, grandes o paquefios, Ivianos o pesados’. doa el fisico Fransiseo Malo, de la
Universidad de Santiago de Chile, azemas de dirscior clentilico de |8 muestra. "Le imgorlants & que s& trafe 8 granos
semejantes v perfeclaments danlificables como alementes constilulivos del material’, axola e direcior cianliflizo da | muesira,
quian ademds explica las caracieristicas de los medios granulares

For todo elo, las paslillas de dulce, las bolies para jugar, los grancs @2 meiz y el arroz son matarigles grenularss, Todas
posgen propledades cargstarislicas como la dilatancia [capacidad de expendirse como un foda), |8 segregacan [segargcion ge
las pariculas por lamafio}, |& particular disiribucaan de una fuerza aplicads (ks grancs entran en cantacto v lormen arcos qus
redisiribuyen la presion), la lormesion @2 dunas, o la posibilidad de sulrir avalanchas, cargsleristica qus 125 son prepias,

La ciercia de los mesias granularas liens una larga hislorla, Fisicos célebres coma Coulomb (1773), Faraday (1631) v Aeynokds
: gus propledadas. En anos recientas, ha resurgido el interés anlre s fisicos por realizar esludios
en este camao debido a sus mulliples aplizesiones practizas, Enfre olros, los maleriales granutares juegan un impodants rel en
muchos procasns productivos como la minera, la agricullura, la ingenlera civil v la industria farmacduica. Tamblén son
claremente imparianles an procasos gesldgicos ade configuran |a foma de la Tiera, como las avalanchas o daslizamienics, la

(1845) esludiaron algunas
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bilzs de millonas,

por Carl Sagan,

El figice y profesor de la Universidad Catdlica,
Francisce Clang, propone al dliima libro de este lsico
norearmanzano. Elaubor juntd una wanedas de
articules acerca de la eficiencia de cuaniificar la capa
de arono, el elecie invernaders, ol desafio de
alimentar a la grocienta peblacion mundal y alros
temas de interés, Sagen =8 extremadameanie segaz v
AMMENG B0 5 dice Clara,

En Libraria Anlarlica 55840

{ediclén de bolsllia), 484 paginas

Ensefando geologia & los ninos, por Guillerma

Dy prodesor diela Lniversidad o Sanbago,

vlala, nplaude este libro del prolesor de la HIREANIENTAR
o Catdlica del Morte, Suillerme Chong Oigz
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color de la arena y a descubrir [a ngueza do nuastn
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currto pison), 514.000, 160 paginas
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Caos, por Jamas Glack

Francisco Claro nos incila a comprar asle lioro escrilo par un panodisla.

1 [arma Bmena y sencills un lema de alta compladad matemealics;
1l eans, Dastaca [as hermasas iddas qua [a lachia mansjh y Sus mu
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rensa, Explora Noticias,

1 25 2n _'“.r.':u'l|i'-.:'.'v;._ii:
Muastrn interactiva Material Granular, del grane o ln avalancha, podrd sor
ada este fin de semana an horario continuado

El Programa EXPLORA COMICYT invila a todo

P oublico de la Region Metropolitana @ visitar este fin
de semana la exposiclén Material Granular, del
grano a la avalancha, montada en |1a Galeria
COMCRETA, an el subterraneo del Espacio
Centra Cultural Matucana 100,

El horario de alencidn para este viernes 15 05 a

Expo Granular en partir de las 14:30 y hasta las
Matucana 100

I hards v &l
sabado v domingo desde las 09;30 a 20:00 hore
En la semana los horariaos son de 09:30 a 19:30, da lunes ;
miercoles v de 09130 a 20 Q0 de jueves a domingo. La exhibicion
permanecera abierta hasta el martes 2 de mayo

La entraca a esta muestra, inserta en el marco del Programa e
ltinerancias &l Camino de las Ciencias, Artes v Teonolo:
impulsago por EXPLORA v al Museo 1'1t-;e-'"rt|-.l¢ Miraclor, &% iberadn
Y oEe afrecan visitas guladas pard grupos de esludianles de
gnsefianya basica o media. Fara esto el profesor (3) solicitara |
FEEErVE para un maximao de 50 alumnas par arupo,

o S0 e
fO DEsIcD

La exposicion es recomandada para alumnos des:
Tambien puede asistir cualguler grupo de persanas, javers:
adultas, Lin cuar |.n dio 1_'||.i¢'|=_:, astudiantes de fisica, especiglmenle
bEclos en estas matarias, 500 los ancargados de acarcar a los
itantas a estos NUEVDs conacimientos en farma amigable v

L'.'.'E'!l'.ll'-'nl.

La Exposicion

Los Materiales Granulares son todos aquaellos campuestos
excluslvamante por qranos a particulas independientes, minerales o
vegeiales, grandes o pequenos, livianos o pesados; algunocs
elemplos son; arena, arraz, sal, granos cde cafd, azucar, talcs. Ellos
tlenen caracteristicas I..II'IICES, pueden aciuar coma LN so
liguida & un gas, tienen prapledades como & dilatancia (capar
||'

i

pgxpandirse comoe un lodo), la segregacion (o separacion de la
ticulas par tamanal, la farmacion de dunas o la posibilidad da

sufrir avalanchas




rensa, Explora Noticias, www.explora.cl, 2006.

Estos v otros fendmanos estan representados Msicamaonta en los
médulos de la expesicién, que pueden ser manipulados para
axplorar de forma directa la mataria granular, montada en mesas
con exparimentas, tablaros interactives, paneles informativos
lustraclos v discos giratorics.

Inscripciones grupales:
Teléfono: D2 - 3654573 - 3654575
Fax: 02 - G551386

A (= P e R e
Aall: explorafdcanicvi.c

Moticias Relacionadas
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ML I:VCIE MATERIALES:
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51& OoIMmos

éPor qué los Materiales?

El Doctor en Flsica de |a Universidad de Santiago de Chile, Francisco Melg,

miembro del Comité Directlvo del Programa EXPLORA, explica las razones

para eleglr a los Nuevos Materiales como el tema central de |las actividades
del programa para el presente afo,

iPor qué se eligieron los Nuevos Materiales para trabajar este afo?

El afio pasado fue Facil, tenfamos el "Afc Mundial de la Fisica” Hoy es una pregunta menos
ebvia, No siempre hay un gran por que. El tema del afio depende del mansaje gque guaramaos
transmitir. Hay que elegir un tema que tenga la capacidad de convocar a la mayor parte de los
cientificos, estudiantes v publico general. ¥ en ese sentido r*t.a_-'uu';- materiales incluye todo, hay
innumerables actividades bajo Iz etiqueta de "fos materiales”; desde la biologla hasta la fisica,
desde lo organico hasta lo inorganico. Asl, este tema cuenta con la ventaja de reunir y puede
u'e:-j ertar gran interés puesto gue vivimos en una socledad tecnologica donde gran parte de la

nnovacion e [nvestigacion es en torno & los materiales; éstos son parte de nuestra vida t".'-:?. 4,
.":;- importante ademds que la tematica y su puesta en escena puedan producir "asombro®, ya
gue esta "emecién” desplerta en al publico una necesidad natural por saber mas. Este afo, Jos
nuevos maleriales prometen dejarnos con fa boca abierta

Los materiales tienen muchas aristas, ées dificil definir de qué se va a hablar?

MNaturalmente, nos hemos preguntado cudles son las grandes lneas v as! surgen materias
recurrentes como polimeros o plasticos, biomateriales, conguctores y semiconductores,
materiales magnéticos, nanomateriales vy sus variados usos y desafios. También tenemos ofras
materialas especificos gue constituven una rigueza natural de nuestro pals como el cobre, la
madera, el acero o el litlo. Por cierta, nos interesa motivar aclividades en torno 2 estos
malerlales v crear clerta conclencla en e publico.

Para los estudiantes es muy importante conocer acerca de fos materfales en general; no todo
se puede hacer con eldstico, cinta adhesiva y unos clips, sino que debe existir una busqueda,
una eleccion de materialidad, y en esa busgueds esta el truco,

Para cualguier cludadano es Utll saber por qué una botella se fabrica de vidrio o de plastico y
no de otro material v si el material es "limpio” desde el punto de vista ecoldgico. También
deseamos distinguir s{ un “implante” es realmente "blocompatitle” o solamente tolerado por 8/
organismo, o conocer cuales son las exigenclas que imponen sobre los nuevos materiales el
uso de ja energla solar y nuclear o el almacenamiente del hidrogeno, Con variadas actividades,
nos gustaria ademds que nuestros escolares y publico no plerdan de vista que el desarrollo de
una sociedad sustentable requiere del disefo de nuevos materiales vy de decisiones informacdas

en cuanio a su uso,
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{Como ha recibido la comunidad cientifica esta invitacion a trabajar?

Muy bilen, porque Explora proporciona un amblente acogedor, abierto a un debate gue va mas
alld del puramente clentifico. Qulenes colaboran con Explora desarrollan mativacidn adiclonal y
eso para todos es muy impaortante, Encontrar un lugar dJonde abundan las palabras de apoyo y
lo que hacemos sea reconocido y valorado, llama la atencion y reconforta. Acd podemos
sentarnos a conversar de maleriales y muchos otres temas y sentir que astamoes en ofro plane,
no an el competitive ni en la lucha por los proyectos, En Explora slempre se Hene claridad en
gque el objetivo final es la educacion de nuestros escolares, nuestros hijos,
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NUEVOS MATERIALES: I‘
Ef]l 1€ Odf los -~

J NOSs Es La Ciencia cerca de ti

éDe queé estan hechas las cosas?

Este reportaje fue elaborade con @l aporte v asesoria de Gonzala Gutiérrez Gallardo, Departamento de
Fislca, Facultacl de Ciencias, Universidad de Chile v Francisco Melo Hurtado, Comité Directive de Pragrama
EXPLORA v Fisico de la Universidad de Santiago de Chile

Sartenes gue no 58 pegan, envases biodegradables, medios da Lransportes mas ligeros
W resistentes, [:E!I1T_F|I|F!H planas, tornillos biocompatibles para cirugia de huesos,
matares mas llvianos, estos san, por nombrar algunoas, objetos o artefactos que
majeran nuastro anlor -'g v que aparecan en nuestra vida diaria casi sin darnos cuenta
dComo es posible llegar a tanka maravllla?

Gracias & la Ciencia de los Materiales, una rama del conocimienta ’F|F|"'--'-.=-I'I'Ef'|l"i* nueva
gue incluye un trebajo multi e interdisciplinario, en el que se conjugan sinérglcamente
la guirnica, |a fisica, las ciencias bial logicas v las matematicas, junto a atras disciplinas

Los Nuevos Materiales son una de los ejemplos mas notables de la relacion entre @
desarrolla cientifica y tecnalogico, con la creatividad e innovaciaon. ¥ la mas mpartanta,
mediante esta actividad encontrames respuesta a una de las preguntas mas
impartantes que se ha hecha la humanidad por los siglos de los siglos; éde qué estan
hechas las cosas?

Un poco de historia

El ascenso del hombre ha estado ligado siempre al uso v desarrollo de los materialas, Por ejemplo, la historia
de la humanidad estd dividida en etapas, basandose en el tipo de material en gue & ser humane adguirid su
mayor destreza ce manipulaclén. Es asl comoe conocemos la edad de Piedra, del Cobre, del Bronce, del
Hierro, probablermente |la dal Silicio v ahora, como dicen algunos expertos, estamos insertas en la Edad del
Plastico v los Blomateriales

El usp de materizles se inicia en &l Palealitica Superior, cuanda el homo saplens comenzd & dascubric &
utilizacién del pedernal, la madera y algunas iibras veoatales,

Justamente es en este periode cuande se comienzan & hacer las primeras mezelas y

glaboracion de nuevos materiales; el hombre desarrclla, con astas y martiles,

utersilios para |la caza, como puntas de lanza, cabezas cde arpones, lanzas y arcos de

) VAFiAS plezas

“";C jfl- Asi, 5in rlar-af-1 cuanta el hambre fue descubriends propledades y creando artilugios,
.J muchas veces producte dal azar o la intulcidn

Maturalmente, &n dpocas remotas el intarés principal del hombre era satisfacer sus necesidades materizles
inmediatas -hacer una buena punta de flecha o wun cuchillo firme v no estala en condician de hacer
“Investigacion clentifica®, sing que corme za directamente por la aplicaclan. Asi, los primeros metallrglcos
gue fundieron mineral de cabre hace upos 7000 afios tal vez eran Incapaces de diskinguir entre un dxido o
un sulfuro, pero si sabian buscar y utilizar muy bien |as vetas del mineral gue les proporcicnatan cobre
matslico, Posterlormente ving un desarrollo mas sistemadtico, se aprendld a distinguir distintos elemeantos v a
combinarles entre sl para preducir materiales con mejores propiedades, de acuerdo a las necesidades Esto
permitld abtener reglas empiricas de mezclas v métades de produccion, muchos de los cuales son Lsados
hasta el dia de hoy. Estas reglas empiricas, a su vez, sirvieron como base para desarrollar las teor:
cientificas en el campo de la fisica v de la quimica que constituyen los pilares fundamentales de |a actual
ciencia de los materiales,

Uno de los relatos mas notables en este contexto de crear cosas nada mas que con la susrte de encontrarse
can ellas, es |la histaria de Charles Goodyear, al descubrir el proceso de vulcanizacian del cauche, a finales
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del sigle XIX,

En la cocina de su casa, el inguieto investigadaor llevaba anos intentando hacer el
caucho mas dure. Su esposa, hastlada con el trebajo incesante de su marido, le hizo
prometer que dejaria su investigacion. Pero Goodyear no descansd v un dia mientras ff
combinaba caucho v azufre, fue sorprendido por la llegada inesperada de su mujer, v :
s deshizo rﬁpi:alv.en:e de lo que tenia en sus manos, lanzandolo al fuago. Despuas de |
gsa escena encontrd lo gue buscaba vy su hellazge fue fundamental para construir
neumaticos, imparmeables, fundas aislantes de cables v otros muchos objetos, hoy an B
dia, indispensables en la sociedad,

Muestro actual entorno tE‘I’_"ID|-{j:_‘|i{C- eska plagado de objetos dotados de propledades fisicas y quimicas
impensables hace unas pocas décadas. Pero éstas no se han descublerto como el cauche, sine gue a traves
de la comprensian de camao se unen los atomos, las moleculas, los cristales & incluso la materia viva.

Gran parte de los nuevos materiales que se desarrollan en la actualidad son el resultado cde investigaciones
an Fisica, Quimica, Inganieria v también Biologia, Asi llegamos & descubrir materiales superconductores,
rmateriales con memaria de forma, polimeros materiales biolnspirados, .. ¥ mucho mas

Una legitima aspiracion de alguien que trabaje en el area de materiales es ser capaz de predecir an forma
conflable el compartamiento de éstos en una amplia escala de tamarfios v tiempos. Consideremos un ejemplo
concreto; supongamos gue tenemos un paste metalico que soparta una antena. De este poste nos gustaria
conocer, o poder calcular, propledades macroscapicas generales, tales como su resistencia mecénica, su
flexibilicdad, los cambilos que sufre debido & la temperatura v el tiempo que puede resistir una determinada
fuerza externa, Pero ademds, también interesa eonocer propiedades tales cama la resistencia & |la corrosidn
o su actividad quimica, gue dependen directamente de cudles v como estdn dispuestos laos atamos v
maléculas que companen el poste; es decir, propiedades a escala atémica. Asl, para conocer |as propiedades
de un material en su conjunto, necesitamos estudiarlc en sus distintas escalas de tamano vy tempa,
empleando en cada una de ellas las teorias e Instrumentos que sean adecuadas,

Todo pende de una tabla

m - Dia a dia el hombre ha ido desarrollando nuevos materiales, sobre todo, con el numero
L : de combinaciones quimicas que se puaden realizar con el cantenar de elementos de la
tabla periadica, el punto de partida para los investigadores que trabajan en crear,
Ocupan toda la materia del universo, los compuastas quimicos, matales, aislantes,
cerdmicas, plasticos v materiales orgdnicos e inorganicos gue han existido, v todos los
g que existiran en &l future. La diferencia fundamental es que se tiene una necesidad y &
y partir de ella "se construye™ el material,

=
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Mediante la Mecanica Cudntica se pudo explicar los aespectras atdmicos, la tabla periddica de los elamentas,
el enlace guimico, el color de los cristales v muchas otras propledades de los materiales. Es una teoria
bastante abstracta v poco intuitiva, llena de sorpresas e implicaciones filosoficas no triviales, pero entrega
resultados tan sorprendentes como precises, En términogs practicos ha sido extremadamente fecunda, siendo
la responsabla de la gran mayoria de los adelantos en elactrénica, optica, comunicacionas ¥ computacion
aua wvemos hoy dia. Asl como la Mecdnica Clasica establece las leyes dal movimiento de los cuerpos
macroscopicos, la Mecanlca Cuantica es la teoria que predice el comportamiento de la materia a nivel
atémico v molecular,

Muchos de los disefiadares de nueveos materiales ocupan sistemas de simulacion en computadores para
combinar dtomaos, calcular su estructura molecular v deducir sus propiedades fisicas v quimicas. A partir de
ahi, elaboran los prototipos reales de aguellos modelos que tlenen mas posibilidades de poseer las
propledades buscadas, con el consiguiente ahorra de tiempe v castes.

Az, la curiosidad, los avances clentificos, las nuevas tecnologias v las diversas nacesidades de |a hurmanidad
han ide potencianda la busqueda v desarrollo de nuevas materiales en tadas las Arsas.

Las técnicas de simulacidén computacional mas usadas para modelar un sistema a nivel atémico son la
Dindmica Molecular (DM} y el Método de Montecarlo (MC). Estos métodos pueden conslderarse como
algoritmos para mover los atomaos de acuerdo a las condiciones fisicas del problema, simulande de ese modo
lo gue ecurre en el material real baje esas condiciones, En ambos métodos se colocan los Atomos en una
posician inicial determinada v se juega con las condiclones flsicas externas deseadas, por ejemplo nimero de
étomos, temperatura vy prasian, .
Maturalmente, agui todavia queda mucha camino por recorrer, pueste que los computadores mas potentes
disefiados hasta ahora no tienen la capacidad suficiente para incorporar plenamente todas los detalles
necesarios que den cuenta de la complejidad de una gran cantidad de atomos constituyentes de un material
real,

Innovacion en Materiales
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La innovacion &s un proceso en el que se utiliza el conocimiento para crear rigueza, v no simplemeante un
fandmeno de desarrollo de tecnologia,
Por una parte este “conocimiento” debe ser entendide en su més amplia acepcion, aun cuando en general las
innovaciones suelen ser procesos que combinan, en forma creativa v unica, ideas vy tecnalogias, La
innovacidn entonces tlene multiples manifestaciones que tienen que ver con la creatividad y la capacidad
emprendedara,

Por otra parte, el “crear riqueza” no sdle significa rigueza economica, sina habriz que entenderlo como
mayar bienestar para las personas. En estd mirada |as cosas pasan de tener un "precio” a tener "valor®, el
que puede ser econdmico, social, cultural, de desarrollo personal v tantos otros,

Por esto, se habla de gue el mundo del desarrollo de nuevos materiales es un real gjemplo de Innovacion,
Los conceptos fisicos v los métedos de calculo que permiten entender, v por tante prever, lo que ocurre en
un material en sus distintas escalas de tamafio baje condiciones externas determinadas no estan
desarrollados todavia. Sin embargo, gracias a los avances en el plano experimental, &n el plano tedrica, ¥ en
el plano de la simulacién computacional, hoy se comienza a ver como posible el suefio de disefiar y construir
materigles hechos a la madida de necesidades especificas. Clertamente, esto no es solo privativo de ciencia
de materiales, sino que estd ocurriendo también en otras dreas, como blologia, genética y quimica, En
particular, una revolucion similar se vive en (@ industria farmacéutica, donda por primera vez estamas a la
puertas de poder disefiar y sintetizar remeadios con fines aspecificos.

Dato:

Es dificll dar una definicion de lo gue es un material, perc intultivamente sabemos que entre ellos se
encuentran, por ejemplo, el vidrio, la madera, y los textiles. Segun la enciclopedia digital, Wikipedia, en
ciencia o ingenieria, un material es una sustancia (elemento o, Mas comunmente, compuesto quimico) can
alguna propledad Otil, sea mecdnica, eléctrica, dptica, térmica o magnética. Segun la Real Academia
Espafiola, Material viene del latin materials Perteneciente o relativo a la materia, Elemento que entra coma
ingrediente en algunos compuestos

Los bexkos gue aparecen en fonda naranjo fusron extraidos del articulo Disefio de materiales a la
medida: ésuefio o realidad?, del fisico Gonzalo Gutidrrez,
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