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Letters

It’s the humility that gets you
In the article “Gravity gets measured to
greater certainty” (SN: 5/13/00, p. 311),
shouldn’t “meteorologist” be “metrologist”?
The first studies weather, the second,

weights and measures.

Marian Peleski
Newark, Del.

You don’t need a weatherman to know which
way to measure gravity. You do, indeed, need
a mefrologist, even though our computer’s
spell checker doesn'’t think so. —The editors

Newton derived theories about gravity by
studying stationary or very slowly moving
objects. Laboratory measures of G performed
since share this fundamental approach. While
this may accurately measure G, any possible
relative velocity dependence to this constant
or to the force of gravity goes undetected.
Determining that force involves only the
masses, the separation, and G, representing a
static gravitational acceleration.

Most cases of interest involve objects in
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motion, including confirmations of general
relativity in high-velocity binary pairs and
around possible black holes. Laboratory
research involving masses with high relative
velocities, though strongly needed, is absent
from the literature.
Curt Renshaw
Alpharetta, Ga.

Major obstacles prevent scientists from mea-
suring G in the laboratory using objects mov-
ing at near-light speed. In the case of subatom-
ic particles at such relativistic speeds, Heisen-
berg’s uncertainty principle and other prob-
lems bar measuring the particles’ positions
accurately enough, says Douglas S. Robertson
of the National Geodetic Survey in Boulder,
Colo. Accelerating larger objects to such
speeds requires prohibitive amounts of energy
and raises safety concerns, he says. Such
objects “would attain nuclear-weapon-scale
kinetic energies,” he notes. —P. Weiss

Life goes on

Regarding “Another chromosome down,
more to go” (SN: 5/13/00, p. 311), I feel the
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need to comment on the misconception that
trisomies of other than chromosome 21
don’t survive birth. I have a friend whose
daughter is a trisomy 18 and just celebrated
her 19th birthday and other friends whose
children with trisomies are nearing their
teenage years. My own son, a trisomy 13,
lived for 5 days. I suggest researchers and
interested readers contact the Support Orga-
nization for Families of Trisomies.
Jean M. Boehm
Bergen, N.Y.

Don’t swallow all the red snow
Although we seldom have the deep and per-
sistent snowfields needed to support watermel-
on snow in the spring (“Red snow, green snow,”
SN: 5/20/00, p. 328), I did note it a couple of
springs ago in persistent snowdrifts in and near
tree shelterbelts in the high plains of northwest
Kansas. One must be cautious of red snow in
this area, however, because we occasionally get
fresh red snow due to soil from dust storms in
the Permian “redbeds” in the southern plains.
Richard Bretz
Wallace, Kan.
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Adventurous voyages to Antarctica test
mathematical models of sea ice

winter expedition into frigid Antarc-

tic waters is no pleasure cruise.

Screaming winds, bone-chilling
temperatures, high seas, driving snow, and
crunching ice create conditions that try the
hardiest of souls.

It’s an unlikely place to find a mathe-
matician.

Last year’s 8-week voyage of the ice-
breaking research vessel Aurora Australis
from Tasmania wasn’t Kenneth M. Gold-
en’s first venture into the Antarctic ice
pack. An applied mathematician at the
University of Utah in Salt Lake City, he
had also studied sea ice on three previ-
ous Antarctic outings.

Foul weather never kept Golden from
relishing an Antarctic voyage. “I loved
watching the waves,” he says. When the
sun squeaked through storm clouds dur-
ing the few hours of daylight, he could al-
S0 enjoy spectacular views of giant ice-
bergs, crumpled ice sheets, and penguins
waddling across snow or skimming the
water.

About four dozen researchers were
aboard the icebreaker on its 1999 voyage.
Their destination was a sizable region,
called a polynya, of open water and thin
ice that had appeared in the ice-bound
waters near the toe of the Mertz Glacier
off the Antarctic coast.

The sea-ice pack insulates the ocean
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from the atmosphere. A hole in this lid
permits a significant amount of heat to es-
cape from the water to the much chillier
air. At the same time, surface waters cool,
become denser, and sink, contributing to
ocean circulation (SN: 7/15/00, p. 42). New
ice begins to form, filling in the hole.

As the boundary layer between ocean
and atmosphere in polar regions, sea ice
has a significant impact on global climate,
Golden notes. Polynyas play a crucial role
in energy exchange and ice formation, so
the occurrence of one inevitably draws
the attention of researchers.

On a broader front, sea ice “is most im-
portant in the context of climate variabili-
ty and change, both as an indicator and
an agent of climate change,” says geo-
physicist Hajo Eicken of the University of
Alaska in Fairbanks.

The need to understand better the
physical properties of sea ice, track its
movements, and remotely monitor its
thickness, temperature, and roughness
has prompted a number of recent studies
of its structure,

In May at a Society for Industrial and
Applied Mathematics meeting in Philadel-
phia on mathematical aspects of materials
science, Golden described how new math-
ematical models have provided insights
into the way brine seeps through ice, car-
rying heat and nutrients.
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A vast expanse of sea ice off Antarctica’s
coast.

Other models have also helped re-
searchers refine methods for reconstruct-
ing the physical characteristics of polar
ice—its age, thickness, roughness, brine
content, and porosity—from satellite or
airplane measurements of microwaves
bounced off the surface.

Mathematical and computer models—
both simple and complex—help re-
searchers design field experiments and
provide insights that can guide the devel-
opment of accurate, large-scale climate
models, Eicken says.

t was during Golden’s 1994 trip to the

Antarctic—his second expedition—

that he witnessed a remarkable scene
that was to motivate much of his subse-
quent mathematical research on sea-ice
structure.

Buffeted by winds reaching 60 miles
per hour during a fierce snowstorm, he
was out on the ice in the middle of the
night. “It was snowing like crazy, but it
was warm,” Golden recalls.

What caught his eye was a massive up-
welling of liquid, percolating up through
the ice to flood the surface beneath the
newly fallen snow, forming a slushy boil.
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Though he had heard about this
phenomenon and had even
proved theorems about percola-
tion models, he had never before
seen it or realized how striking
the phenomenon is.

“That was very important for
guiding my theoretical research
and suggesting new questions to
investigate,” Golden remarks.

To understand percolation, he
had to dig into sea-ice formation.
As seawater freezes, it can’t incor-
porate salt into its crystal struc-
ture. The salt that it rejects con-
centrates in brine pockets
between crystals. 5o, seaiceis a
porous material made up of pure
ice laced with brine-filled cavities
and air bubbles.

Unlike other porous materials,
such as sandstone or bone, sea
ice’s microstructure and bulk
properties can change dramatical-
ly over a small temperature range.
Sea ice becomes permeable and
brine can travel through the solid

when temperatures rise above | it

about -5°C, if the brine-volume Applied mathmattc:an Ken Golden on thin ice in the
Antarctic.

fraction is 5 percent and the salt
content is 5 parts per thousand. At
lower temperatures, sea ice is effectively
impermeable, locking in place any liquid
that happens to be present.

In polar regions, a snowstorm can ele-
vate the ice temperature and push down
on the surface. Brine cavities grow larger
and connect, so the ice becomes perme-
able. Sea water percolates up through
the ice to flood the surface and form the
boils observed by Golden.

Interest in assessing brine movement
through ice has escalated in recent years
as researchers have come to recognize
the vital role of percolation in polar
ecosystems. It supplies nutrients to algal
communities and bacteria living in the
ice, transports contaminants, and heats
the atmosphere.

To develop a mathematical model of
brine transport, Golden turned to perco-
lation theory. In the simplest form of a
percolation model, one considers an ar-
ray of points arranged in a square lattice
or a cubic network. The idea is to intro-
duce links between randomly chosen
pairs of neighboring points until it's pos-
sible to travel from one side of the grid to
the other along an unbroken chain.

In two dimensions, such a pathway ap-
pears when roughly half of all possible
links are in place; in three dimensions,
about one-quarter of the links must be
present. If ice is regarded as a random
mix of brine pockets and ice particles of
equal size, the simple percolation model
says sea ice should be at least 25 percent
brine before salty water can percolate
through it. The actual figure for sea ice is
5 percent, however.

Golden solved this puzzle by turning to
a more sophisticated percolation model,
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first used in the 1960s to study the elec-
trical behavior of metal particles mixed
with a nonconducting polymer. Engineers
had found that by compressing powders
made up of large polymer particles and
much smaller metal particles, they could
obtain a flexible, composite material that
permitted electricity to flow despite a rel-
atively low metal content.

The microstructure of such a com-
pressed powder is remarkably similar to
the cellular microstructure of the colum-
nar form of sea ice, Golden remarks. The
most important parameter for the pow-
der model is the ratio of the radius of the
large particles to that of the smaller ones.

Applying the compressed-powder-con-
ductivity model to typical sizes of ice
crystals and brine cavities in columnar
sea ice yielded a critical brine volume of
about 5 percent.

The model, however, serves only as a
rough approximation of both brine per-
colation and ice structure. In reality, the
situation is much more complicated. For
instance, once percolation begins, brine
pockets quickly connect with each other
to create large-diameter brine channels
along which most of the fluid transport
takes place.

During the 1999 voyage to Antarctica,
Golden, Victoria L. Lytle of the Antarctic
Cooperative Research Centre in Hobart,
Australia, and their coworkers ventured
out onto the ice to examine brine chan-
nels in the field. They used chain saws to
cut out slabs of ice 15 to 26 inches thick.
Beet juice scrounged from the ship’s gal-
ley revealed the intricate brine pathways
threading through the ice.

“As beet juice seeps into a slab, you see
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layers of different types of ice
g crystals, and you get a feel for
2 how brine moves through the
M2 ice,” Golden says. The researchers
4" are now trying to determine pre-
cisely how these brine channels
form.

Laboratory measurements and
field studies by Eicken and his
coworkers have revealed other
aspects of sea-ice behavior. Even
at low temperatures, some liquid
can slowly seep through the sol-
id, Ficken notes. “It will be inter-
esting to have a closer look at
some of the processes that help
maintain connected pore space
even at low temperatures.”

Another important issue is how
the microphysics of sea-ice struc-
ture determines the extent and
quality of microbial activity in the
ice. Researchers need such infor-
mation to assess the role of sea-
ice organisms in taking up carbon
in the Arctic and Antarctic.

Structural details can be impor-
tant. “Given the microscopic size
of the organisms, even a few con-
nected pores, which do not affect
the macrophysics of the system
measurably, can decide the fate of a
group of organisms,” Eicken remarks.

Don Perovich of the U.S. Army Cold Re-
gions Research and Development Center
in Hanover, N.H., says, “Here, we have a
frozen environment that is home for a
rich and diverse food web. Understand-

This cross section of sea ice shows its
polycrystalline structure, with a layer of
small, randomly oriented, spherical
crystals (frazel ice) at the top and larger,
elongated crystal grains (columnar ice)
lower down.
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The microstructure of a compressed powder made up of Iarge polymer part/cles and
small metal particles (left) resembles that of sea ice (right).

ing life in this extreme environment may
provide insights in the search for extra-

terrestrial life.”

l tion, Golden and five colleagues got a
vivid demonstration of sea-ice dynam-

ics on a larger scale.

The researchers had just descended to
the ice to collect samples, when a small
crack appeared, then quickly widened.
Four people crowded back into the small
cage that had brought them down, and
the ship’s crane hoisted them back on
board, leaving Golden and researcher
Robert A. Massom of the Antarctic Coop-
erative Research Centre on the ice to
await the cage’s return.

Meanwhile, the crack closed, and a
slab of ice started riding up over the slab
on which Golden and Massom were
standing, pushing it down so that sea wa-

n late August during the 1999 expedi-

ter began flooding its surface. After what
seemed like an interminable wait, the
crane finally dropped the cage for the
second pickup. Two minutes later, the ice
sheet had broken up completely.

“It’s plate tectonics on a very fast
timescale,” Golden observes.

Experiments and measurements on the
ice surface provide important data for
calibrating mathematical models and in-
terpreting remote-sensing signals. The ex-
tent of the connections among brine cavi-
ties, for instance, affects how sea ice
interacts with electromagnetic radiation,
and surface flooding and subsequent
freezing influence how a surface scatters
microwaves.

In remote sensing, it’s often difficult to
distinguish between slush and open wa-
ter. A better understanding of slush for-
mation would allow researchers to refine
remote-sensing methods to distinguish
different types of ice and open water

Sea Water

‘O’ L Pure I
' ' ure Ice
/ ! P e
'\, 90 . Background

Remote sensing of sea ice requires interpreting microwave signals scattered by a
complex, layered material often covered with snow.
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more reliably.

Hence, knowledge of how brine flows is
important for accurate satellite measure-
ments, Golden says. Such data, in turn,
would provide information on the extent
and thickness of polar ice, a parameter
useful in tracking global climate change.

The mathematics behind techniques
for interpreting reflected microwave sig-
nals is interesting, Golden says. “We now
have a lot of new results, which can also
be applied to other types of scattering.”

Traveling to the Antarctic ice pack to
collect data also has dangers unrelated to
the ice.

On its 1998 voyage, after sailing for a
week, the Aurora Australis finally reached
the ice edge, 100 miles off the Antarctic
coast. Late that night, a serious engine-

Staining a chunk of sea ice with beet
juice reveals a layered crystal structure
threaded with channels along which
brine travels through the solid.

room fire triggered alarms throughout
the ship, bringing everyone on deck.

Awoken soon after he had gone to
sleep, a groggy Golden showed up wear-
ing just a light jacket and jeans. Luckily,
although lifeboats were lowered, the ship
didn’t have to be abandoned. A few
hours in a lifeboat at temperatures near-
ing -65°C would have made the folly of
Golden’s choice of apparel painfully clear.

“I should have known better,” he admits.

Eventually, crew members managed to
control the fire, though it ended up gut-
ting the main engine room. Engineers
jury-rigged a control system for a backup
engine, and the ship slowly limped 3,000
kilometers back to port.

Unfazed by his chilling experience and
still in pursuit of all things ice, Golden
was back on board in 1999 for a return
trip to Antarctic waters. O

Penguins enliven an Antarctic ice field.

AUGUST 12, 2000



	Science News 1.pdf
	Science News 2.pdf
	Science News 3.pdf
	Science News 4.pdf


 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 587.33, -5.72 Width 40.91 Height 800.64 points
     Mask co-ordinates: Horizontal, vertical offset -11.69, -3.77 Width 643.83 Height 12.66 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         3
         CurrentPage
         7
              

       CurrentAVDoc
          

     587.3344 -5.7228 40.9089 800.6449 -11.6882 -3.7748 643.8276 12.6623 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





