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How to Be Cut Off From Civilization

When it’s you against nature, there’s only one tool you need:
the stainless steel River Canyon Bowie Knife—now ONLY $49!

You are a man of the wilderness. The only plan you have is to walk up that
mountain until you feel like stopping. You tell your friends that it’s nothing
personal, but this weekend belongs to you.

You've come prepared with your River Canyon Bowie Knife sheathed at your side.
This hand-forged, unique knife comes shaving sharp with a perfectly fitted hand-tooled
sheath. The broad stainless steel blade shines in harmony with the stunning striped
horn, wood and bone handle. When you feel the heft of the knife in your hand, you
know that you're ready for whatever nature throws at you.

This knife boasts a full tang blade, meaning the
blade doesn't stop at the handle, it runs the full
length of the knife. According to Gear Patrol, a full
tang blade is key, saying “A full tang lends structural
strength to the knife, allowing for better leverage
...think one long steel beam versus two.”

With our limited edition River Canyon Bowie
Knife youre getting the best in 2lst-century
construction with a classic look inspired by
legendary American pioneers. What you won't get
is the trumped up price tag. We know a thing or
two about the hunt— like how to seek out and
capture an outstanding, collectors-quality knife
that won't cut into your bank account.

This quintessential American knife can be yours to  BONUS! Call today and you'll

use out in the field or to display as the art piece it
truly is. But dont wait. A knife of this caliber

also receive this genuine
leather sheath!

typically cost hundreds. Priced at an amazing $49,
we can't guarantee this knife will stick around for
long. So call today!

Your satisfaction is 100% guaranteed. Feel the knife in your hands,
wear it on your hip, inspect the craftsmanship. If you don’t feel like we
cut you a fair deal, send it back within 60 days for a complete refund
of the sale price. But we believe that once you wrap your fingers
around the River Canyon’s handle, you'll be ready to carve your own
niche into the wild frontier.

River Canyon Bowie Knife $79*
Offer Code Price Only $49 + S&P Save $30

1-800-333-2045

Your Insider Offer Code: RCK163-01
You must use the insider offer code to get our special price.

St © 14101 Southcross Drive W., Dept. RCK163-01
Auer Burnsville, Minnesota 55337 WwWw.stauer.com

*Discount is only for customers who use the offer code versus the listed original Stauer.com price.

What customers are saying
about Stauer knives...

1 6. 6 & & ¢

“First off; the shipping was fast
and the quality is beyond what
1 paid for the knife. Overall I

am a satisfied customer!”

— D., Houston, Texas

Not shown
actual size.
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Rating of A+

¢ Full tang 4 4" stainless steel blade, 9" overall length e Genuine horn, wood and bone handle ¢ Polished brass guard and spacers ¢ Includes leather sheath

Smart Luxuries—Surprising Prices”
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EDITOR'SNOTE

City of graphene hosts
forum full of questions

Manchester, England, is not the birthplace of graphene —
the atom-thin, honeycomb-like layer of carbon known for
its wondrous properties and seemingly limitless appli-
cations. But the city is the material’s main booster and,
according to the University of Manchester, the official
Home of Graphene. That’s because it was there that Andre Geim and Kostya
Novoselov figured out that you could isolate the elusive material from graphite
(the “lead” in pencils) with repeated dabs of sticky tape.

The two-dimensional material also proved to be a peerless electrical conduc-
tor and superstrong, earning the two Manchester scientists the 2010 Nobel Prize
in physics. So when the city played host to the EuroScience Open Forum con-
ference late last month, it made sense that Geim, graphene and the material’s
many evolving applications took center stage. At the local science museum’s new
exhibit about graphene, I learned that Geim is the only Nobelist who has also
been honored with an Ig Nobel (which has fun celebrating seemingly useless
research in science). He contends many are more familiar with his Ig Nobel-
winning device to levitate a tiny frog than with his work on graphene.

Notably, graphene comes up in both of the feature stories in this issue, adding
some heft, perhaps, to Mancunian claims. In Thomas Sumner’s cover story (Page
22) about the growing interest in desalination to meet the globe’s escalating need
for freshwater, graphene oxide has a potentially starring role. New membranes
made from this material may help increase the efficiency of separating salt from
water. Cost and efficiency, Sumner reports, remain the biggest obstacles to the
widespread use of desalination.

Graphene can serve as analogy and inspiration in physicists’ efforts to cre-
ate solid metallic hydrogen, another theorized wonder material, which Emily
Conover describes on Page 18. “It’s a high-stakes, high-passion pursuit that
sparks dreams of a coveted new material that could unlock enormous techno-
logical advances in electronics,” Conover writes. Solid hydrogen, which has been
made, takes on a graphenelike structure when squeezed to high pressures. Solid
metal hydrogen might be a superconductor at room temperature, an exciting
prospect. Despite significant progress, so far no one has been able to create it.

Local celebrity or not, graphene did share the spotlight with other science
superstars at the EuroScience meeting. The gene-editing tool CRISPR got lots
of attention. In a review of the historic detection of gravitational waves, Sheila
Rowan of the University of Glasgow offered a bevy of questions that gravita-
tional astronomy might be able to answer in the coming years: Where and when
do black holes form? What does that tell you about the large-scale formation of
galaxies? Is general relativity still valid when gravity is very strong (such as near
supermassive black holes)? A session on the human microbiome generated even
more questions, as scientists described efforts to use microbial species as telltale
signs of diseases such as cancer. And a debate about how to prevent food allergies
left most agreeing that more data are needed. As answers come in on all of these
and many more fascinating topics, you can be sure that Science News will be
there to report on them. — Eva Emerson, Editor in Chief

Society for Science & the Public is a 501(c)(3) nonprofit membership organization founded in 1921. The Society seeks to
promote the understanding and appreciation of science and the vital role it plays in human advancement: to inform, edu-
cate, inspire. Learn more at societyforscience.org. Copyright © 2016 by Society for Science & the Public. Title registered
astrademark U.S.and Canadian Patent Offices. Republication of any portion of Science News without written permission of
the publisher is prohibited. For permission to photocopy articles, contact permissions@sciencenews.org. Sponsor content
and advertising appearing in this publication do not constitute endorsenient ot 1ts content by Science News or the Society.
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NEW Rechargeable
Digital Hearing Aid
Technology Only *179Y .

(*Each when you buy a pair)

The Rechargeable HCRC!

8 Digital sound processing chip
provides crystal clear sound and
makes speech easier to understand
with less feedback than old analog
technology

« Never worry about replacing
batteries again! 2 Hour Charge
Gives 16 Hours of Use!

(+/ Micro USB Cable (included) charges
your hearing aid in the car, with a
computer or plugged in the wall!

(+/ Easy On / Off Button

8 Automatic Noise Reduction and
Feedback Canceler

8 100% Money Back Guarantee

5 Star Reviews

No More Dead Batteries! “This HCRC
rechargeable hearing aid works all the
time! Unlike hearing aids powered by
throwaway batteries that go dead at
the worst time, | plug these in at night
and the hearing aid charge lasts all day,
every day.” - Xavier J.

Great Hearing Aid! “I'm really glad |
tried the HCRC! It works as good as or
better than the more expensive ones
I’'ve purchased in the past. It’s great
that the price is reasonable. Thank you
for the great product.” - Tim M.

_((

Advanced Affordable Hearing™
Affordable Quality Since 1996!

()

RECHARGEABLE

A) Microphone
B) Button
Rocker Volume Control
) USB Charging Port &
Rechargeable Battery
E) Digital Signal Processor
p) - F) Receiver (Speaker)

G) Sound Tube

Rechargeable Digital Hearing Aid - For Only $179!*

The new HCRC Rechargeable Digital Hearing Aids are now available
to you for an unbelievable price! This quality digital hearing aid has
the same key elements that all high end digital hearing aids share,
but is also rechargeable. The microphone picks up the sound and
sends an electrical signal to the digital signal processor which

is the “brains” of the hearing aid. The sound is then adjusted to
amplify important speech sounds as well as filtering out unwanted
noise. Once the digital processor has amplified the sound, it is
passed to the receiver (also known as the speaker) which emits

a corrected and amplified sound through the

sound tube into your ear.

WS,

ﬁucnargnahlc

Most importantly, your new HCRC hearing aids
work at a fraction of the cost of name-brand
hearing aids, and you don’t have to keep

changing the batteries! You will also love the
comfortable, lightweight Open-fit design.

You can spend thousands for an expensive

hearing aid or you can spend just $189 for a hearing aid that just
plain works (only $179 each when you buy a pair). We are so
sure you will love our product, that we offer a 100% Money Back
Guarantee - Risk Free if you are not satisfied for any reason.

*MONEY SAVING OFFER!
Use Coupon Code: S68

1-877-759-5780
BUY A PAIR axo SAVE 520!

|
|
|
|
|
1 (Coupon Code & Price Valid For A Limited Time Only)

FDA

REGISTERED

3 US Company
Owned And
Operated

Visit and Save: www.AdvancedHearing.com/S68
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NOTEBOOK

SCIENCE NEWS

Excerpt from the
August 20, 1966
issue of Science News

50 YEARS AGO

Rare Chinese
tree may help
fight leukemia

Leukemia victims may one
day be helped by a substance
drawn from an obscure
Chinese tree. Tests on labo-
ratory animals with a type
of experimental leukemia ...
have shown that the extract,
known as camptothecin,
has high antitumor prop-
erties. However, no tests

on humans have yet taken
place. Chemists are trying
now to synthesize the sub-
stance, whose only known
natural source is the rare
Camptotheca acuminata
tree.

UPDATE: Althoughitdidn’'t
prove effective against
leukemia, a synthetic version
of camptothecinis used to
treat ovarian, lung and colon
cancers. Clinical trials in hu-
mans began in the late 1960s,
but early efforts to make the
compound water soluble came
with toxicity. Patient studies
resumed in the 1980s, once
researchers made safer water-
soluble versions that could

still kill tumors. Two synthetic
forms, marketed as Camptosar
and Hycamtin, are used in che-
motherapy treatments today.
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IT'S ALIVE

It’s not easy being
green-blooded

“Dark lime green” is how biologist Zachary
Rodriguez describes the blood of the
Prasinohaema lizards of New Guinea and
surrounding islands. “Vivid,” he adds.

With green blood comes Granny Smith-
colored muscles and bones and a blue-
green mouth, exposed during defensive
posturing. But the strangest thing about
the five species of Prasinohaema lizard is
that they can live like that.

Lime, apple and avocado can be risky
blood colors. They indicate that these
lizard species build up a toxic substance
called biliverdin. The lizards’ red blood
cells still depend on hemoglobin, the
stuff that ferries oxygen and makes most
animal blood red, but any lizard-blood
redness is overwhelmed by massive con-
centrations of the green biliverdin. A
breakdown product of hemoglobin, bili-
verdin gives the greenish edge to bruised
human flesh. Most animal bodies quickly
whisk it away.

High concentrations of biliverdin, say

The top tube shows a blood sample from a regular
red-blooded lizard from New Guinea (Lamprolepis
smaragdina). In the bottom tube, the natural
buildup of a bile compound that could kill other
species turns Prasinohaema blood green.

Green blood gives the tongue and gums their unusual

but healthy color in Prasinohaema lizards (female P. pre-
hensicauda shown). Some fish and insects have greenish

blood, but no known mammals or other reptiles do.

over 50 micromoles per liter, make humans
sick with jaundice. The lizards, however, do
just fine with 714 to 1,020 uM/L.

It’s tempting to wonder if evolution
has favored green blood because toxic
biliverdin might make predators spit out
any lizard they start to bite. Not so, based
on current evidence, Rodriguez says. An
old test found that a predatory bird and a
snake relished green-blooded lizards; he’s
heard that cats love them, too.

Plenty of other ideas are still in play,
among them: The biliverdin may reduce
susceptibility to malaria or to cell damage
from the sun’s ultraviolet rays, or even add
some extra camouflage for life in trees. To
look for clues to how evolution drove the
death-defying color, Rodriguez and his
adviser, Christopher Austin at Louisiana
State University in Baton Rouge, are using
genetics to create a genealogical tree of the
lizards and their relatives.

Figuring out where among the ances-
tors the blood color arose could give clues
to what kind of lifestyles or environments
favored toxic green. So far, oddly enough,
the biliverdin-tinted lizards don’t seem
to be each other’s closest known relatives.
Some Prasinohaema species look as if they
have red-blooded sister species (classified
in other genera) that are evolutionarily
closer than any other Prasinohaema.

However the final tree turns out, this
evolutionary tale will be lively, with red-
and-green, stop-and-go lizard history.

— Susan Milius

BOTH: C. AUSTIN/LOUISIANA STATE UNIV.
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THE -EST

Swordfish oil
boosts speed
in water

Olympic swimmers
shave their bodies
before a big race to
break records. Sword-
fish use a different trick
to reach top speeds,
anew study suggests:
They grease their heads. Swordfish (Xiphias gladius) are
among the fastest fish in the ocean; their streamlined bodies
can cut through the water at about 90 kilometers per hour.

A newly discovered oil-producing organ in the fish’s head
makes its skin slick and could boost speed, scientists report in
the July 6 Journal of Experimental Biology. MRI scans show
that the organ links to tiny pores on the head that ooze oil,
creating a thin layer of lubrication on the skin’s surface.

Tiny ridged structures called denticles surround the
pores. Denticles look like scales but are made of dentine and
enamel, like teeth. The scientists, from the Netherlands
and Germany, suspect the lubrication and the textured den-
ticles work together to make a water-repelling surface that
lets swordfish glide through the water with minimal drag.

— Laurel Hamers

An MRI scan reveals that swordfish have
an oil-producing organ (outlined in black)
tucked just behind its rapier-like bill.

SCIENCE STATS

Gas steers sun’s magnetic fields

About 20,000 kilometers beneath the sun’s surface, magnetic
fields rise no faster than about 500 kilometers per hour. That
speed (roughly one-third of previous estimates) is about the
same speed that gas rises and falls within the sun, implying
that moving parcels of gas help steer magnetic fields toward
the surface, researchers report July 13 in Science Advances.
Aaron Birch of the Max Planck Institute for Solar System
Research in Gottingen, Germany, and colleagues estimated
the speed by combining observations of the sun’s surface
with computer simulations of how
gas moves within the hot orb. By
studying the sun’s inner workings,
researchers hope to understand
what drives sunspots and flares — the .

. . . kilometers per hour
blemishes and eruptions triggered . )

. . Maximum speed at which

by magnetic fields punching through the sun’s magnetic fields
the surface. — Christopher Crockett rise to the surface

INTRODUCING

T. rex look-alike
unearthed in Patagonia

What had two puny arms, lived 90 million
years ago and probably chowed down on
other dinosaurs? (Hint: It’s not 7. rex.)

A new dinosaur discovered in what is
now Patagonia had the runty forelimbs
of a Tyrannosaurus rex but is no cousin
of the giant iconic predator, researchers
report July 13 in PLOS ONE.

The new species, Gualicho shinyae,
has a close relative in Africa, an analysis
of fossils suggests. T rex’s ancestors, on
the other hand, came from Asia.

Gualicho is a “smaller, slimmer,
trimmer version of a T. rex,” says study
coauthor Peter Makovicky, a paleontolo-
gist at the Field Museum in Chicago. It
probably weighed about a ton and was
longer than a pickup truck.

In 2007, Makovicky’s team discovered
Gualicho’s partial skeleton — including
those impractical arms. The dinosaur

he adds.

probably caught prey with its huge
head, Makovicky says. Though the
researchers haven’t dug up a skull yet,
tiny arms seem to be a trade-off for
abig head. Finding Gualicho’s skull
would help nail down that idea,

Gualicho may have fed on grazers

Gualicho shinyae probably relied on a huge head with a mouthful of teeth to hunt smaller dino-
saurs. The predator’s runty, two-fingered arms look like those of Tyrannosaurus rex.

called ornithopods, such as duck-billed
dinosaurs. Or perhaps it fed on the
long-necked, long-tailed sauropods,
which were common in the region. But
only the youngsters. Sauropod adults
were gigantic, Makovicky says, defi-
nitely not prey for a (relatively) little
guy like Gualicho. — Meghan Rosen
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GENES & CELLS

Dolly’s cloned sisters aging gracefully

Method to create nearly identical animals doesn’'t harm health

BY TINA HESMAN SAEY

Clones don’t age prematurely, new
research on Dolly the Sheep’s sisters
suggests.

Researchers and animal welfare activ-
ists have been concerned that cloning,
via somatic cell nuclear transfer, could
cause health problems in cloned ani-
mals. Instead, a study of 13 cloned sheep
found no signs of early aging or other
health problems, researchers report
July 26 in Nature Communications.

“These animals were remarkably
healthy and fall within the normal range
that we’d expect in animals of this age,”
said developmental biologist Kevin
Sinclair of the University of Nottingham’s
Sutton Bonington campus in England.
Sinclair spoke July 25 during a news
conference at the EuroScience Open
Forum in Manchester, England.

The cloning technique places the
DNA-containing nucleus of an adult cell
into an empty egg where the DNA is then
reprogrammed to an embryonic state.
Dolly the Sheep, born in 1996, was the
first mammal ever cloned. Since then,
researchers have cloned a wide variety
of animals. The technique doesn’t always
work and many potential clones die
before birth or shortly after. Surviving
animals might have problems because of
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incomplete reprogramming of the DNA.

Dolly herself gave rise to the idea that
clones age fast. Compared with other
animals her age, Dolly had shorter telo-
meres, the caps that protect the ends of
chromosomes from unraveling. Short
telomeres have been associated with
aging. Plus, Dolly had severe arthritis.
She died at age 6, although not of old
age. Dolly and other, noncloned sheep in
her flock caught a virus that killed them
(SN:3/1/03, p. 141).

Her untimely death, arthritis and
short telomeres “were mushed together
in people’s perception,” leading to the
idea that clones age prematurely, says
Katrin Hinrichs, a reproductive physi-
ologist at Texas A&M University College
of Veterinary Medicine and Biomedical
Sciences in College Station. Hinrichs
and other researchers not involved in
the study hope the new report corrects
the record on cloning and aging. “Now
we have a reference to say what is and
what is not a result of cloning,” she says.

How fast animals age varies, even
among nonclones, says reproductive
biologist Mark Westhusin, also of Texas
A&M. Westhusin was on the team that
produced cc (short for Carbon Copy),
the first cloned cat (SN: 3/23/02,
w). The cat is now 15 and doing fine,

Dolly the Sheep’s nearly identical sisters
(shown) were produced from the same mam-
mary gland tissue as Dolly. The new clones are
not aging prematurely, as was feared for Dolly.

says Westhusin. “This is a nice paper to
confirm in a more formal scientific set-
ting what most people involved with
cloning have believed for a long time.”
Some studies have even hinted that
clones may live longer than convention-
ally bred animals (SN: 4/29/00. p. 279).

In the new study, Sinclair and col-
leagues examined 13 cloned sheep ages
7 to 9 years old (roughly equivalent to
people in their 50s to 70s). Four of the
sheep — Debbie, Denise, Dianna and
Daisy — were cloned in 2007 from the
same mammary gland tissue that pro-
duced Dolly. The researchers compared
Dolly’s sister clones and nine clones of
other sheep with 5- to 6-year-old sheep
bred by traditional means.

Cloned sheep had normal blood sugar
levels, insulin levels and blood pressure.
A few had mild arthritis. One of Dolly’s
sister clones had moderate arthritis. The
researchers have not yet measured the
clones’ telomeres.

The sheep were cloned with modifica-
tions to the original technique that may
have produced a better outcome. But
Dolly’s problems didn’t necessarily stem
from being a clone. She may have devel-
oped arthritis as a result of trauma to
her joints. It’s also not clear whether her
short telomeres were really an indicator
of premature aging. Certainly her death
had nothing to do with being a clone.
Overall, Sinclair said, “perhaps Dolly was
alittle less lucky.”

Cloning today is done mostly in South
America and Asia, and infrequently in
the United States, Hinrichs says. Polo
ponies and cattle are among the most-
cloned animals. “Cloning is so costly
and inefficient that your animal has to be
very special for cloning to be worth it,”
she says. As aresult, most cloned animals
are prized breeding stock or performance
animals. Some animals that are geneti-
cally resistant to diseases are also cloned
for veterinary and medical research.
With reporting from Eva Emerson in
Manchester, England
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The nose knows
how to fight staph

New type of antibiotic found
in human nasal secretions

BY EVA EMERSON

MANCHESTER, ENGLAND — The human
nose harbors not only a deadly enemy
— Staphylococcus aureus —but also its
natural foe. Scientists have now isolated
a compound from that foe that might
combat MRSA, the methicillin-resistant
strain of S. aureus.

“We didn’t expect to find this. We were
just trying to understand the ecology of
the nose to understand how S. aureus
causes problems,” bacteriologist Andreas
Peschel of the University of Tiibingen
in Germany said at a news briefing
July 26 during the EuroScience Open
Forum. Investigating the intense inter-
species competition in the nose —where
microbes fight for space and access to
scant sugars and amino acids — might
offer a fertile alternative to searching
for new drug candidates in soil microbes.

Antibiotic researcher Kim Lewis of
Northeastern University in Boston agrees
that mining the human microbiome

S. lugdunensis

&3 aureus I'- -
When nasal bacteria meet in a lab dish, Staphylo-
coccus lugdunensis (light disk) fights off S. aureus.

" - 350

might lead to new drug discoveries. But
so far, that approach has produced only
a handful of potential new antibiotics. If
“the compound they found is membrane-
acting, [it] will be useful for topical appli-
cations but not as a systemic antibiotic,”
he says. New systemic antibiotics are
needed most, he says.

Although a relatively nutrient-poor
environment, the nose is home to over
50 bacterial species. One is S. aureus, a
dominant cause of hospital-acquired
infections such as MRSA, as well as infec-
tions of the blood and heart. But there’s
huge variability in the nasal microbe
scene between individuals: While
S. aureus is present in the nasal passages
of roughly 30 percent of people, the
other 70 percent have no sign of it.

Peschel and colleagues suspected that
other nasal inhabitants, well-tuned to
compete in that harsh niche, might be
blocking S. aureus from colonizing the
nose in those who don’t carry it.

From nasal secretion samples, the
team isolated 90 strains of different
Staphylococcus species. One of these,
S. lugdunensis, killed S. aureus when they
were grown together in a dish. Intro-
ducing mutations into S. lugdunensis
produced a strain that didn’t kill. The
mutated gene, the team showed, nor-
mally produced an antibiotic, which the
researchers named lugdunin.

Lugdunin fended off MRSA and a
strain of Enterococcus resistant to the
antibiotic vancomycin. Neither bacte-
rium developed resistance. The team also
pitted S. lugdunensis against S. aureus
in test tube and mouse studies, with
S. lugdunensis besting S. aureus. Only
5.9 percent of 187 hospital patients had
S. aureus in their noses if they also car-
ried S. lugdunensis, the team found,
while S. aureus was present in 34.7 per-
cent of those without S. lugdunensis.
Peschel and colleagues also reported the
results in the July 28 Nature.

Next, scientists hope to study how the
compound works and search for other
microbes active against staph.

BODY & BRAIN

Anesthesia steals awareness in stages

Going under is neither gradual nor abrupt, monkey study shows

BY RACHEL EHRENBERG
The brain doesn’t really go out like a
light when anesthesia kicks in. Nor does
neural activity gradually dim, a new
study in monkeys reveals. Rather, inter-
mittent flickers of brain activity appear
as the effects of an anesthetic take hold.

Some synchronized networks of brain
activity fall out of step as monkeys drift
from wakefulness. But those networks
resynchronize when deep unconscious-
ness sets in, researchers report in the
July 20 Journal of Neuroscience.

That the networks behave differently
from each other is surprising, says study

coauthor Yumiko Ishizawa of Harvard
Medical School and Massachusetts Gen-
eral Hospital. It isn’t clear what exactly
is going on, she says, but the anesthetic’s
effects are more complex than thought.

Most anesthesia studies use electro-
encephalograms, or EEGs, to record brain
activity via electrodes on the scalp. The
new study offers unprecedented surveil-
lance by eavesdropping via electrodes
implanted inside macaques’ brains. This
view provides new clues to how the brain
loses and gains consciousness.

“It’s a very detailed description of
something we know very little about,”

says Tristan Bekinschtein, a neuro-
scientist at the University of Cambridge.

The researchers recorded the activity
of small populations of nerve cells in two
interconnected brain networks: one that
deals with incoming sensory informa-
tion and one involved with some kinds
of movement and with merging different
kinds of information. Before the anes-
thetic propofol kicked in, activity in the
regions was similar and synchronized.

But around the moment when the
monkeys went unconscious, there was
a surge in a particular kind of nerve cell
activity in the movement network, fol-
lowed by a different surge in the sen-
sory network about two minutes later.
The networks then began to synchronize
again, becoming more in lockstep as the
anesthetic state deepened.
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How dinosaurs

crossed an ocean

Land bridges might have
enabled transatlantic treks

BY THOMAS SUMNER

Two land bridges may have allowed
dinosaurs to saunter between Europe
and North America around 150 million
years ago.

Scientists had previously proposed
bridges to explain how dinosaurs, mam-
mals and other animals hopped from one
continent to the other after the Atlantic
Ocean formed during the breakup of
Pangaea. But now, a researcher has
reviewed recent studies of fossils on
both sides of the Atlantic to pin down
where and when those bridges might
have formed.

Leonidas Brikiatis, an independent
biogeographer in Palaio Faliro, Greece,
proposes that two strips of land bridged
North America and Europe during the

late Jurassic and early Cretaceous peri-
ods. One bridge spanned from eastern
Canada to the Iberian Peninsula, where
Spain is today, and lasted from around
154 million to 151 million years ago.
The other linked North America and
Scandinavia from around 131 million to
129 million years ago, Brikiatis reports in
the August Earth-Science Reviews.

The bridge connecting North America
and Scandinavia may have coexisted
with another land route that connected
Europe and what would later become
Russia, allowing migrations across much
of the world, Brikiatis says.

The routes allowed dinosaurs to “foil
plate tectonics’ plan to break up the
world,” says Paul Sereno, a vertebrate
paleontologist at the University of
Chicago. “A continent can’t contain
a dinosaur; they’ll escape. This work
highlights two of the routes they took,”
he says.

Dinosaurs, including Supersaurus and
Allosaurus, probably made the trans-
atlantic trek alongside turtles, lizards
and early mammals. While the Atlantic

North
America

\vf“\\__r / =

Canada

AN A

Iberian
" Peninsula

¥ OLand

A land route may have connected eastern
Canada and the Iberian Peninsula around
150 million years ago. That bridge would have
allowed animals to travel between Europe and
North America.

Ocean was narrower back then, it was
probably too wide to swim across.
Brikiatis used the dates of these animals’
relocations to establish a potential win-
dow of time when the bridges might have
existed and considered where potential
crossings might have been. The best con-
tenders are patches of relatively shallow
water called ocean shelves. Tectonic
activity could have lifted these shelves
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MATTER & ENERGY

Electrons made to
attract each other

Experiment is step toward
high-temp superconductors

BY EMILY CONOVER
Standoffish electrons typically keep one
another at arm’s length, repelling their
neighbors. But under certain circum-
stances, this repulsion can cause pairs of
electrons to soften their stance toward
one another and attract instead, new
research shows. The effect may be the
key to someday producing a new type of
high-temperature superconductor, sci-
entists report in the July 21 Nature.
Though the effect was first predicted
over 50 years ago, previous attempts to
coerce electrons to behave in this way
have failed. Like charges repel, so nega-
tively charged electrons ordinarily rebuff
one another. But now researchers have
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validated the counterintuitive idea that
an attraction between electrons can
emerge. “Somehow, you have [this] magic
that out of all this repulsion you can cre-
ate attraction,” says study coauthor
Shahal Tlani, a physicist at the Weizmann
Institute of Science in Rehovot, Israel.

Ilani and colleagues produced the
effect in a bare-bones system of elec-
trons in carbon nanotubes. Operating
at temperatures just above absolute
zero, the system is made up of two per-
pendicular carbon nanotubes — hollow
cylinders of carbon atoms — about
1 nanometer in diameter.

Two electrons sit at sites inside the
first nanotube. Left to their own devices,
those two electrons repel one another. A
second nanotube, known as the “polar-
izer,” acts as the “glue” that allows the
two electrons to attract. When the sci-
entists brought the two nanotubes close
together, Ilani says, “the electrons in the
first nanotube changed their nature; they
became attractive instead of repulsive.”

This flip is due to the nature of the
polarizer. It contains one electron,
which is located at one of two sites in
the carbon nanotube — either between
the first nanotube’s pair of electrons or
farther away. The pair of electrons in
the first nanotube repels the polarizer’s
electron, kicking it from the near to the
far site. The electron’s absence leaves
behind a positively charged vacancy,
which attracts the pair of electrons
toward it — and toward each other.

It’s a “tour de force,” says physicist
Takis Kontos of the Ecole Normale
Supérieure in Paris, who wrote a com-
mentary on the paper in the same issue
of Nature. Although the system is very
simple, he says, “the whole experiment
built around it is extremely complex.”

Electrons are known to attract in
certain situations. In conventional
superconductors, electrons pair up due
to their interactions with ions in the
material. This buddy system allows
superconductors to conduct electricity
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above sea level, creating narrow strips of
land around 80 to 160 kilometers across,
Brikiatis says. Over time, the bridges
may have sunk back below the sea.

Those land routes would have been
somewhat similar to other ocean cross-
ings, such as the Bering land bridge
humans traversed around 23,000 years
ago between Asia and North America
(SN:8/22/15, p. 6).

While the proposed routes are plau-
sible, the dates might be off, says
paleontologist Octavio Mateus of
the Universidade Nova de Lisboa in
Caparica, Portugal. Species may have
migrated earlier than evidenced in the
fossil record, he says. “They could have
come millions of years before, but just
didn’t leave fossils.”

The bridges may also have been more
like stepping stones than an unbroken
migration highway, says Anne Schulp,
a vertebrate paleontologist at the
Naturalis Biodiversity Center in Leiden,
the Netherlands. “A narrow body of
water is not impenetrable,” Schulp says.
“You don’t need a full bridge.”

T.SPRIBILLE ET AL/SCIENCE 2016

without resistance. But such super-
conductors must be cooled to very low
temperatures for this effect to occur.

In 1964, Stanford University physicist
William Little theorized that electron
pairs could attract due to their interac-
tions with other electrons, instead of
ions. Such pairs should stay linked at
higher temperatures. This realization
sparked hopes that a material with these
attracting electrons could be a room-
temperature superconductor, which
would open up a wealth of technological
possibilities for efficiently transmitting
and storing energy.

It’s yet to be seen whether the newly
found effect can produce a superconduc-
tor and whether such a superconductor
might work at high temperatures — the
new discovery shows only that the
attraction can occur. But now, Ilani says,
scientists can start thinking of how to
build “interesting new materials that are
very different than what you can find in
nature.”

LIFE & EVOLUTION

Yeasts can hide in lichen partnerships

Discovery questions textbook idea of organisms’ symbiosis

BY SUSAN MILIUS

The discovery of yeasts hiding in lichens
from six continents might shake up a
basic idea of what makes up a lichen
partnership.

Fifty-two genera of lichens collected
from around the world include a second
fungus — single cells, called yeasts, of a
previously unknown order now chris-
tened Cyphobasidiales. Toby Spribille
of the University of Graz in Austria
and colleagues report the finding in the
July 29 Science.

For more than a century, biologists
have described a lichen as a fungus
growing intimately with some microbes
(algae and/or cyanobacteria) that har-
vest solar energy. The fungus is treated
as so important that its name serves as
the name for the whole lichen.

Biologists have recognized that more
than one fungus can show up in lichens,
but the extra fungi’s role hasn’t been
clear. Now that may be on the brink of
changing.

The first example discovered illustrates
why these yeasts might turn out to be

Bryoria fremontii

Bryoria tortuosa

These Bryoria lichens combine the same main fungus and algal
species but have different appearances and chemical signa-
tures. New research suggests that B. tortuosa (bottom left)
might have more hidden yeast (bottom right, green dots) than

does B. fremontii (top).

more than parasites or mere hitchhikers,
says study coauthor John McCutcheon of
the University of Montana in Missoula.
He and Spribille wondered how the yel-
low, toxin-bearing, thready tangles of
lichen called Bryoria tortuosa could have
the same fungus and the same algal part-
ner — and thus technically be the same
species — as the brown, toxin-poor lichen
called B. fremontii.

The researchers looked to see which
genes were active in each lichen in hopes
that some discrepancy could explain the
difference in forms. What the research-
ers found had nothing to do with the alga
or previously known fungus. Instead,
ample genetic activity of more abundant
yeasts in the toxic B. tortuosa turned out
to be the most striking disparity.

The research team now has micro-
scope images of yeast cells embedded in
the outer layer of B. tortuosa. The yeasts
might be what’s making the difference
between the forms, maybe even synthe-
sizing toxic vulpinic acid, the researchers
say. Yeasts turning up across this wide-
spread class of lichens might explain
other mysteries, such as
why scientists have largely
failed to re-create lichen
partnerships in the lab.

It’s a bold hypothesis,
and lichenologist Robert
Liicking of the Botanic
Garden and Botanical
Museum Berlin-Dahlem
takes the idea of yeast part-
ners seriously: “This will
be a huge surprise to the
lichenological and myco-
logical community.”

David Hawksworth,
a mycologist at Com-
plutense University of
Madrid, however, sees
no reason to change the
one-fungus paradigm
without direct evidence
of what the yeasts do.
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Honey hunters
ask birds for help

Honeyguides, Yao people
communicate to collaborate

BY BRUCE BOWER
When asked the right way, a savvy bird
species steers African hunter-gatherers
to honey. All it takes is aloud trill followed
by a grunt that sounds like “brrr-hm.”
Birds known as greater honeyguides
(Indicator indicator) lead hunter-
gatherers in Mozambique to honey-
rich bees’ nests after hearing humans
make this signature call, say evolution-
ary ecologist Claire Spottiswoode of the
University of Cambridge and colleagues.
In exchange, the birds get human-aided
access to perilous-to-reach food, the sci-
entists report in the July 22 Science.
The new study provides the first solid
evidence of two-way, collaborative
communication between humans and a
nonhuman animal in the wild. In some
parts of the world, dolphins help fisher-
men herd fish into nets. But it’s unclear
whether these dolphins respond to spe-
cific calls from fishermen.
Honeyguides associate Yao hunter-
gatherers’ distinctive honey-hunting
call with successful joint food hunts,
Spottiswoode says. The birds respond
to this call by making a loud chattering
sound to alert humans to their presence.

10 SCIENCE NEWS | August 20, 2016

Honeyguides then fly from tree to tree
until reaching one with a bees’ nest.

Although the wax-eating birds regu-
larly scope out locations of bees’ nests
in their home ranges, getting beeswax
out of nests is dangerous. “Angry bees
can and do sting honeyguides to death,”
Spottiswoode says.

Yao honey hunters cut down trees
containing bees’ nests nestled high up in
crevices and smoke the insects out with
flaming bundles of twigs and leaves. After
removing honeycombs from nests, the
Yao leave beeswax behind for the honey-
guides and even put wax chunks on beds
of leaves to reward their avian helpers.

Written accounts of honeyguide-led
expeditions to bees’ nests date to as
early as 1588. But axlike stone imple-
ments and human-made fires date to
1 million years ago or more (SN: 7/9/16,
Pp-10). So humans and honeyguides may
have hunted together for at least that
long, says Harvard University biological
anthropologist Richard Wrangham.

In different parts of Africa, honey-
guides respond to local honey-hunting
calls of human groups, Spottiswoode
suspects. A team led by Yale University
biological anthropologist Brian Wood
has found that Hadza honey hunters
in Tanzania make a whistling sound
to attract honeyguides. Other hunter-
gatherers speak or shout words to call
honeyguides, Wood says.

Unlike Yao honey hunters, the Hadza
bury or burn much of the wax in bees’

A honey hunter in Mozambique holds a cap-
tured honeyguide on his finger. New research
finds that honeyguides lead honey hunters to
bees’ nests after hearing the humans make
what amounts to a “join the hunt” call.

nests. Hadza honey seekers believe this
keeps honeyguides hungry and moti-
vates them to lead further hunts. Wood’s
team estimates that 8 to 10 percent of the
Hadza’s diet comes from honeyguide-
led hunts.

The new study “carefully documents
one cultural tradition in how people and
honeyguides interact,” Wood says.

Spottiswoode’s group conducted field-
work in October 2013 and September and
October 2015. The researchers tracked
movements of six honeyguides fitted
with radio transmitters. Overall, 73 of 97
bird-led honey hunts found at least one
bees’ nest. During the study, nearly three-
quarters of 149 bees’ nests found by the
Yao involved honeyguide assistance.

In another experiment, Spottiswoode
accompanied two Yao honey hunters on
72 searches for bees’ nests, each lasting
15 minutes. While they walked, a porta-
ble speaker played recordings every seven
seconds either of a Yao honey hunter
making the “brrr-hm” sound, a Yao indi-
vidual saying words such as “honeyguide”
or his own name, or a ring-necked dove’s
song or excitement call.

Honeyguides joined 30 of these exper-
imental searches. About two-thirds of
searches that featured “brrr-hm” calls
drew honeyguides’ assistance (although
they did not always locate a bees’ nest).
One-quarter of hunts that used record-
ings of words and one-third of those that
played dove sounds received honey-
guides’ help.

Spottiswoode’s team calculates that
honey hunters who played the “brrr-
hm” sound more than tripled their
chances of actually finding a bees’ nest
during 15-minute searches, compared
with honey hunters who played Yao
words or dove sounds.

Spottiswoode and Wood plan to
investigate whether young honeyguides
learn from adult birds to pay attention
to humans’ honey-hunting calls and to
lead humans to bees’ nests.

Listen to the “brrr-hm” call at bit.ly/SN_honeyguides

C.SPOTTISWOODE
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Antibiotics might fight Alzheimer’s

Mouse study links gut bacteria changes to brain plaque buildup

BY LAURA SANDERS

Along course of antibiotics reduced the
levels of a hallmark of Alzheimer’s dis-
ease in the brains of mice, possibly by
changing the species of bacteria in the
gut. The results, described July 21 in
Scientific Reports, suggest that gut
bacteria may be linked in some way to
Alzheimer’s.

The finding is preliminary, says neuro-
biologist Robert Moir of Massachusetts
General Hospital, but it certainly mer-
its more research. “It’s a nice new step
in what could be a new strategy,” he says.

Recent studies that found links
between microbes in the gut and the
brain (SN: 4/2/16, p. 23) captured the
attention of study coauthor Sangram
Sisodia of the University of Chicago and
colleagues. They wondered whether
antibiotics could affect sticky globs of

amyloid-beta, a protein that accumu-
lates into plaques in the brains of people
with Alzheimer’s. “We really didn’t know
what to expect,” Sisodia says. “We did the
experiment blindly.”

The researchers fed a cocktail of anti-
biotics to mice genetically engineered to
develop A-beta plaques in their brains.
Compared with mice that didn’t receive
the drugs, mice that had received anti-
biotics for most of their lives had simi-
lar amounts of bacteria in their guts
overall, but the species of bugs changed.
Instead of hosting a wide variety of bac-
teria, the antibiotic-treated mice had a
less diverse crowd.

This microbial shift in the gut
appeared to affect the brain, the
researchers say. Mice treated with anti-
biotics had fewer brain plaques than
mice that didn’t receive the drugs.

‘What’s more, the plaques that were there
were smaller.

Sisodia and colleagues don’t know how
bacteria could signal from the gut to the
brain to affect A-beta, although the study
raises one possibility. Bacteria may send
messages to the brain by changing the
levels of immune system molecules car-
ried in the blood. Antibiotics were asso-
ciated with higher levels of several such
molecules, the researchers found.

Moir cautions that the results in mice
might not apply to people. “It certainly
looks promising, but it doesn’t mean
that that’s what’s going to happen in
humans.”

If a similar relationship between gut
bacteria and Alzheimer’s plaques does
exist in people, that might allow new
treatment options. “It’s way too early
to think about antibiotics as a potential
treatment or preventative measure for
Alzheimer’s,” Sisodia says. But perhaps
scientists can uncover new molecules
that bacteria produce that could inhibit
plaque formation in the brain.
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Toxic e-cig fumes
linked to e-liquids

With age and heat, vaping
devices emit more toxicants

BY JANET RALOFF

Growing evidence has shown that elec-
tronic cigarettes are not the harmless
alternative to smoking that many propo-
nents have argued. Now, a study traces a
large share of e-cigs’ toxic gases to a heat-
triggered breakdown of the e-liquids used
to create the vapors. And the hotter an
e-cig gets — and the more it’s used — the
more toxic compounds it emits.

“There is this image that e-cigarettes
are a lot better than regular cigarettes,
if not harmless,” says Hugo Destaillats,
achemist at Lawrence Berkeley National
Laboratory in California. “We are now
definitely convinced that they are far
from harmless.” His team published
the new analyses online July 27 in
Environmental Science & Technology.

E-cigarettes draw liquids over one or

more hot metal coils to create vapors.
The liquids — usually propylene glycol,
glycerin or a mix of the two — are food-
grade solvents laced with flavorings and
often nicotine.

The researchers used two current
models of e-cigs and three different com-
mercially available e-liquids. The experi-
mental setup mechanically drew air
through the devices to create the vapors
that a user would normally inhale.

Toxic aldehydes, such as formalde-
hyde, acetaldehyde and acrolein, were at
negligible levels in the starting liquids,
Destaillats says. But the chemistry of the
vapors varied as the e-cigs heated up: The
first puffs contained somewhat less of the
aldehydes than later puffs. “Through the
process of vaping, you are generating
almost 1,000-fold higher emissions of
those same compounds,” Destaillats says.

Some devices can vary voltage. Higher
voltages produced hotter conditions and
more of the toxic aldehydes, two of which
are probable or suspected carcinogens.

In some tests, one device was used over
and over at its high-voltage setting with
one of the liquids. After the ninth 50-puff

Heating up The higher an e-cigarette’s
voltage, the more toxic aldehydes it produces in
each puff. Once a certain threshold is hit, voltage
increases produce disproportionate increases

(last bar) in three of the most harmful vapor com-
pOUndS. SOURCE: M. SLEIMAN ET AL/ENVIRON. SCI. TECHNOL. 2016
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cycle, the toxic aldehyde emission rate
had climbed by another 60 percent. This
was consistent with a buildup on or near
the heating element of what is known as
“coil gunk,” the researchers say.

The data on changes in the vapor com-
position of “aged” e-cigarettes “is some-
thing new,” says toxicologist Maciej
Goniewicz of the Roswell Park Cancer
Institute in Buffalo, N.Y.

LIFE & EVOLUTION

Gut microbes, apes evolved together

Bacterial family trees match those of humans and their relatives

BY AMY MCDERMOTT

Microbes may have played a role in mak-
ing us, us. A new study shows similar
patterns in the evolution of gut bacteria
and the apes they live in, suggesting that
germs and apes could have helped shape
one another.

For at least 10 million years, bacte-
ria have been handed down through
the African ape family. As these apes
(including humans) split into separate
species, so did the microbes inside them,
researchers report in the July 22 Science.
Relationships between gut bacterial spe-
cies mirror the family tree of gorillas,
humans, bonobos and chimpanzees.

Microbes are a piece of our history,
says evolutionary biologist Andrew
Moeller, who led the study while at both

12 SCIENCE NEWS | August 20, 2016

the University of Texas at Austin and
the University of California, Berkeley.
“Just like genes we’ve inherited from
our ancestors,” he says, “we’ve inherited
some of our bacteria.”

Moeller and colleagues studied three
families of bacteria collected from the
feces of individuals from Connecticut,
as well as from wild chimps, bonobos
and gorillas. The team used DNA evi-
dence to build evolutionary trees for
each bacterial family and then compared
each tree with the evolutionary tree of
African apes.

The branching patterns in two of the
three bacterial trees matched up with
those in the ape tree. Within these two
bacterial families, closely related bacte-
rialive in closely related primates. “The

closest relatives of our gut bacteria live
in chimpanzees,” Moeller says, “just like
our closest relatives are chimps.”

Scientists would expect that pattern
to match only if apes and bacteria split
into new species in unison.

Microbial geneticist Julia Segre of
the National Human Genome Research
Institute in Bethesda, Md., and con-
servationist Nick Salafsky of the non-
profit Foundations of Success, also in
Bethesda, agree that humans and bac-
teria probably shaped each other’s evo-
lution. But in a perspective on the new
work in the same issue of Science, they
caution that it’s too soon to tell if (and
how) ancient apes and microbes changed
each other.

One caveat, Segre says, is that
humans have been exposed to anti-
biotics and modern life. Wild apes
might still have their ancient gut flora,
but people in Connecticut might not

(SN:12/13/14. p. 10).

J.HIRSHFELD
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GENES & CELLS

Gene drives’ fatal flaw has an upside

Inevitable mutations could prevent tool from running amok

BY TINA HESMAN SAEY
What some people view as a flaw in a new
genetic engineering tool could actually
be a safety feature, a study suggests.
CRISPR/Cas9 gene drives, as the tools
are called, are molecular cut-and-paste
machines that break regular rules of
inheritance and get passed to more than
50 percent of offspring (SN: 12/12/15,
p. 16). The rapid spread of engineered
genes through a population may allow
researchers to make mosquitoes unable
to spread malaria or other diseases, to
sterilize the insects or to clear pests or
invasive species out of places where they
are not wanted (SN: 12/26/15, p. 6).
Gene drives have worked in the lab,
but have many ethical, technical and
other hurdles to overcome before they
can be released in the wild. Many sci-
entists, environmentalists and policy
makers are concerned that gene drives

MEETING NOTES

could wipe out entire species or have
unintended ecological consequences.
Among the technical hurdles: A gene
drive may stop working if mutations, in
either the gene drive or the gene it targets,
destroy its ability to home in on the target
gene or to cut DNA. Such “resistance” to
gene drives will arise “almost inevitably,”
Philipp Messer, an evolutionary geneti-
cist at Cornell University, said July 14.
Scientists are working on ways to keep
gene drives functional, but Messer thinks
letting them break could prevent run-
away spread and unintended harm. “Why
not embrace the resistance?” he said.
Even if resistance mutations arise,
they typically would propagate only at
the normal rate — a 50 percent chance of
being inherited. The slow spread means
it would take many generations for resis-
tance mutations to become frequent
enough in the population to stop a gene

drive, Messer and colleagues calculated.
In one scenario, they found that a gene
drive could power its way into more than
99 percent of individuals in a population
in about 30 generations. But aresistance
mutation would take about 100 genera-
tions to become present in 50 percent of
the population. Those calculations were
reported last month at biorxiv.org.

Messer and colleagues are conduct-
ing experiments with fruit flies carrying
a gene drive to test their calculations.

Researchers may be able to orchestrate
the spread of a gene drive while keeping it
in check by manipulating conditions that
favor resistance mutations, Messer said.
With such a system, disease-carrying
mosquitoes or other pests could be
reduced to safe levelsin alocal area with-
out destroying the species entirely.

“I found that talk reassuring,” said evo-
lutionary biologist Michael Gilchrist of
the University of Tennessee in Knoxville.
After seeing what a gene drive can do, he
said, researchers may be able to head off
any negative effects by introducing indi-
viduals carrying resistance mutations.

No universally healthy diet exists

Weight gain depends on how an individual’s genes react

to certain diets, a new study in mice suggests. Four strains
of genetically different mice fared differently on different
diets, William Barrington of North Carolina State University
reported July 15.

One strain, the A/J mouse, was nearly impervious to
dietary changes. The mice didn’t gain much weight or have
changes in insulin or cholesterol no matter what they ate: a
fat-and-carbohydrate-laden Western diet, traditional Medi-
terranean or Japanese diets (usually considered healthy) or
low-carbohydrate, fat-rich fare known as the ketogenic diet.

In contrast, NOD/ShiLtJ mice gained weight on all but
the Japanese diet. Those mice’s blood sugar levels shot
up — a hallmark of diabetes — on a Mediterranean diet but
decreased on the Japanese diet. FVB/NJ mice didn’t get
fat on the Western diet but became obese and devel-
oped high cholesterol and other health problems on the
ketogenic diet. The opposite was true for C57BL/6J mice,
which also fattened up on the Mediterranean diet.

The results indicate that “there’s no universally healthy
diet,” Barrington said. The findings echo results of a human
study in which blood sugar rose in some, but not all, people

after eating the same foods (SN: 1/9/16, p. 8).

Barrington and colleagues are working to find the genes
that control the mouse strains’ varying responses to what
they eat. — Tina Hesman Saey

Trading shared genes no problem among species
Researchers have known for decades that organisms on
all parts of the evolutionary tree have many of the same
genes. “How many of these shared genes are truly func-
tionally the same thing?” wondered Aashiq Kachroo, a ge-
neticist at the University of Texas at Austin, and colleagues.
The answer, Kachroo revealed July 15, is that about half of
shared genes are interchangeable across species.

Last year, Kachroo and colleagues reported that human
genes could substitute for 47 percent of yeast genes that
the two species have in common (SN: 6/27/15, p. 5). Now,
in unpublished experiments, the team has swapped yeast
genes with analogous ones from Escherichia coli bacteria
or from the plant Arabidopsis thaliana. About 60 percent
of E. coli genes could stand in for their yeast counterparts,
Kachroo reported. Plant swaps are ongoing, but the
researchers already have evidence that plant genes can
substitute for yeast genes. — Tina Hesman Saey
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Astronomers prepare for transcontinental solar eclipse

Next year, moon’s shadow will race across United States, from Oregon to South Carolina

BY CHRISTOPHER CROCKETT

Eeriness creeps in. Colors change and
shadows sharpen. The last minutes
before a total solar eclipse trigger a pri-
mal reaction in the human psyche, says
astronomer Jay Pasachoff.

“You don’t know what’s going on,”
says Pasachoff, of Williams College in
Williamstown, Mass. “But you know
something is wrong.”

Millions of people will know some-
thing is wrong on August 21, 2017, when
a total eclipse of the sun sweeps across
the country, the first to grace the con-
tinental United States since 1979 (and
the first to go coast-to-coast since 1918).
The roughly 120-kilometer-wide path of
totality created by the moon’s shadow
will travel through 12 states, from
Oregon to South Carolina. And although
it’s still a year away, researchers and non-
researchers alike are gearing up to make
the most of this rare spectacle — they
won’t get another chance in the United
States until 2024.

Eclipse enthusiasts will travel from all
over the world to experience up to nearly
three minutes of midday twilight and
glimpse the seldom-seen solar corona, a
halo of light from plasma that will frame
the blacked-out sun. “People cheer and

Sun’s spots
Twelve states lie in
the path of the 2017
total solar eclipse,
which will zip from
Oregon to South
Carolinain roughly
an hour and a half.

SOURCE: FRED ESPENAK/
GSFC/NASA
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During a total solar eclipse in 2017, the moon
will block the sun, allowing people to see the
solar corona (as seen in this picture from a
1999 eclipse observed in France).

people cry,” says Pasachoff, who has seen
33 total solar eclipses and 30 partial ones.

Though some of the corona is visible
all the time to a few telescopes in space,
the region where the corona meets the
surface is masked by the sun’s intensity.
“Only on days of eclipses can we put
together a complete view of the sun,”
Pasachoff says. For researchers, the 2017
eclipse is another chance to connect
what they see on the surface of the sun
to what’s happening in the outer reaches
of the corona.

One enduring mystery is why the
corona is millions of degrees hotter

than the surface of the sun, which is a
relatively balmy 5,500° Celsius. “The
consensus is that the sun’s magnetic
field is responsible,” says Paul Bryans, a
solar physicist at the National Center for
Atmospheric Research in Boulder, Colo.
“But it’s not clear how.”

The magnetic field in the corona is
too tenuous to study directly. Instead,
researchers want to look at the effect
of magnetism on certain wavelengths
of infrared light emitted by the corona.
Bryans is leading a team that will point
a spectrometer at the sun during the
eclipse to detect that light. “The plan is to
put us in the back of a trailer, drive north
to Wyoming and just sit and stare at the
sun,” says Bryans, for whom the 2017
eclipse will be his first. “People keep tell-
ing me it’s a terrible thing to do because
T'll be stuck in the back of the trailer.”

This experiment will test whether the
corona emits light at the predicted wave-
lengths and, if so, how brightly. (Scientists
will have to wait for improved instru-
ments and another eclipse to see how
these wavelengths are distorted by the
magnetic field.) One of the advantages of
amobile observatory, Bryans says, is that
the team can look at weather forecasts
the day before and drive to clear skies.

U.S. path of the August 21,2017 solar eclipse (all times are local)

11:30 a.m. 11:45 a.m.

Idaho Falls
e
Boise

§Lincoln
O,

b
Kansas City

Longest
duration
(2 minutes,
42 seconds)

1:OQp.m. 1:15p.m. 1:30p.m. 2:46p.m.

St. Louis
<&

e
Nashville

AUQ'

CharlestSn

FROM TOP: LUC VIATOUR/WIKIMEDIA COMMONS (CC BY-SA 3.0); MARTINOVA4/SHUTTERSTOCK, ADAPTED BY E. OTWELL



MATTHEW F. GLASSER, D.C. VAN ESSEN

Another option is to point an infrared
spectrometer out the window of a Gulf-
stream V jet and cruise at an altitude of
about 15 kilometers along the path of
the eclipse. That is what

oscillations along the loops, Pasachoff’s
team will see if this hypothesis holds up.
The sun won’t be the only thing scruti-
nized during the eclipse. Some research-
ers will be keeping an eye

Jenna Samra, a Harvard “ODW on days Of  on Earth’s atmosphere to
University applied physics eclipses canwe see how it responds to a
graduate student, will be sudden loss of sunlight.
doing. Aside from getting DUJE tOthh?l’ a The National Eclipse
away from weather intru- com plete view Ballooning Project, led by
sions, the flying telescope of the sun’ Angela Des Jardins, a solar
will soar above much of JAY PASACHOEE physicist at Montana State

Earth’s water vapor, which
absorbs a lot of infrared light.

The moon’s shadow, racing across the
country at about 2,700 kilometers per
hour, will catch up with the jet in south-
west Kentucky. “We won’t be able to
keep up with it,” Samra says. “But we will
be able to stay in for about four minutes.”
That’s more than a minute longer than
for anyone stuck on the ground.

For earthbound observers, the eclipse
first touches U.S. soil at 10:16 a.m.
Pacific time near Oregon’s Depoe Bay.
The shadow moves through five state
capitals — Salem, Ore.; Lincoln, Neb.;
Jefferson City, Mo.; Nashville; and
Columbia, S.C. —and even a few national
parks: Grand Teton, Great Smoky Moun-
tains and Congaree. A spot in the Shaw-
nee National Forest (just southeast of
Carbondale, I11.) has the honor of longest
time in darkness: about 2 minutes, 42 sec-
onds. Cape Island, S.C., is the shadow’s
final stop, before leaving the continent
around 2:49 p.m. Eastern time, just about
an hour and a half after entering Oregon.

Based on typical weather patterns in
late August, the weather has a better
chance of cooperating in the western
half of the eclipse path, from Oregon to
western Nebraska. That’s why Pasachoff
will be setting up in Salem. He won’t be
looking for elusive infrared photons,
but instead will be taking rapid-fire
images of plasma loops — coils of ion-
ized gas trapped in billowing magnetic
fields — arcing off the sun and peek-
ing out from behind the moon. One
idea for why the corona is so hot is that
these loops subtly jiggle, which stirs
up the surrounding plasma and heats
the corona. By looking for subsecond

University in Bozeman,
will launch over 100 weather balloons
at various times along the path of total-
ity and measure changes in such param-
eters as temperature and wind speed.

BODY & BRAIN

New brain map is most detailed yet

For those who can’t make it to the
eclipse path, or who get stuck under
cloudy skies, the ballooning project will
serve up live feeds from a vantage point
unlike any other: roughly 30 kilometers
above the ground. More than 50 teams
of high school and college students will
launch cameras on additional balloons
from 30 sites along the eclipse path.
Video and images will be transmitted in
real time and be accessible via a website.

From an altitude of 30 kilometers, “you
can really see the curvature of Earth and
the blackness of space,” says Des Jardins.
“Seeing the shadow of the moon come
across the Earth gives you an amazing
perspective of what’s going on.”

Analyzing a bevy of diverse data, scientists have drawn a new map of the
human brain in extreme relief. Their approach demarcated 180 areas in each
half of the outer layer of the brain — including 97 regions in each half that
haven't been described before. The high-resolution map will allow scientists
to more precisely scrutinize brain regions and see how they change with, for

instance, age and disease.

Many previous brain maps have been built with just one type of data. The
new map, described online July 20 in Nature, forms a holistic view by combin-

ing several different types of information. These specs include brain activity
while doing certain tasks or nothing at all, as well as detailed anatomical data
about the shape and thickness of the brain. Using these metrics from 210
healthy people, neuroscientist David Van Essen of Washington University in
St. Louis and colleagues found that each hemisphere contains 180 distinct
areas (separated by black lines in image above). In this view, colors show how
tightly linked each area is to other brain areas that handle auditory (red),
touch and movement (green) or visual (blue) information. — Laura Sanders
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NEWS IN BRIEF

Churning air over the
Great Red Spot on Jupiter
(illustrated) creates a hot
spot (yellow) hundreds of
degrees warmer than the
surrounding atmosphere.

ATOM & COSMOS
Jupiter’s Great Red Spot is hot

On Jupiter, the Great Red Spot is the hottest thing going. Temperatures over the
ruddy oval, a storm large enough to engulf Earth, are hundreds of degrees warmer
than neighboring parcels of air and higher than anywhere else on the planet, re-
searchers report online July 27 in Nature. Heat from the storm might help explain
why Jupiter is unusually toasty given its distance from the sun.

Astronomers have known for over 40 years that Jupiter’s upper atmosphere
is surprisingly hot. Midlatitude temperatures are about 530° Celsius, roughly
600 degrees warmer than they would be if the sun was the only source of heat.
Warmth must come from the planet, but until now, researchers had not come up
with a satisfactory explanation for how.

Active storms all around Jupiter could be injecting heat into the atmosphere,
suggest James O’'Donoghue, an astrophysicist at Boston University, and col-
leagues. Using observations from NASA's Infrared Telescope Facility in Hawaii, the
researchers found that the temperature over the Great Red Spot is about 1,300°.
Sound waves generated by turbulence might be heating the air above the storm,
the researchers suggest. Similar heating (on a much smaller scale) has been seen
on Earth, as air ripples over the Andes Mountains in South America.

— Christopher Crockett

ATOM & COSMOS
Kepler’s tally of confirmed exoplanets grows

Despite being partially crippled by a series of malfunctions, the Kepler space tele-
scope is still going strong. NASA's premier planet hunter has found at least
104 worlds orbiting other stars during the first year since its resurrection.

Most of the confirmed planets are less than three times as wide as Earth, lan
Crossfield, an astrophysicist at the University of Arizona in Tucson, and colleagues
report online July 18 at arXiv.org. Roughly a dozen are about the same size as Earth
or smaller. Several worlds reside in multiplanet systems such as K2-72, where four
small, possibly rocky, planets are crammed into puny orbits — the longest only 24
days. And a few worlds, despite orbiting stars that are much cooler than our sun,
receive about as much solar energy as Earth, which marks them as potentially
habitable. The researchers combined observations from Kepler and ground-based
telescopes with statistical calculations to verify each planet candidate.

From 2009 to 2013, Kepler stared at one patch of sky and cataloged over 2,300
exoplanets (SN: 6/11/16. p. 12). After failures in two components that keep the tele-
scope steady, researchers designed a new mission, dubbed K2. Since 2014, Kepler
has scanned a band of sky aligned with Earth’s orbit, gazing at one spot for about
80 days before moving on to the next (SN: 6/28/14, p. 7). — Christopher Crockett
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Mosquitoes in Florida now spreading
Zika virus, health officials warn
Mosquitoes now appear to be transmitting
Zikavirus in the continental United States.
On July 29, health officials announced four
cases of Zika infection in Miami that were
most likely acquired via the bite of local
mosquitoes. On August 1, Florida reported
10 more cases in the city.

No mosquitoes in the state have yet tested
positive for Zika, but officials suspect Aedes
aegyptiis to blame. Florida has been spraying
insecticides daily, but experts are still seeing
new larval mosquitoes and “moderately high”
counts of A. aegypti. Miami’s mosquitoes may
be resistant to the insecticides or holed up
in hard-to-find breeding spots: small pools
of standing water where larvae can hatch,
Tom Frieden, director of the U.S. Centers for
Disease Control and Prevention, said in a
news briefing August 1.

Officials have pinned the area of exposure
to a 150-meter radius just west of Biscayne
Bay. The CDC has now warned pregnant
women to avoid a 1-mile zone surrounding
the area. A. aegypti doesn't typically range far
from home, so Frieden doesn’t expect to see
widespread transmission. —Meghan Rosen

LIFE & EVOLUTION

Neonicotinoids are inadvertent
partial contraceptives for honeybees
Pollen tainted with neonicotinoid pesticides
could interfere with honeybee reproduction.

After eating pollen spiked with thiameth-
oxam and clothianidin, males made almost
40 percent fewer living sperm than males
fed clean pollen, researchers note in the
July 27 Proceedings of the Royal Society B.
The pesticide concentrations, 4.5 parts per
billion and 1.5 ppb, were in the range of what
bees encounter around crops, says coauthor
Lars Straub of the University of Bernin
Switzerland.

Conservationists have raised concerns
that chronic exposure to neonicotinoids is
weakening honeybee colonies. The amount
of sperm males produce might affect how
well a colony sustains itself because young
queens mate (with about 15 males on aver-
age) during one or two early frenzies and
then depend on that stored sperm for the
rest of their egg-laying years. — Susan Milius

Watch Jupiter glow in infrared at bit.ly/SN_GreatRedSpot

DILLON YOTHERS, LUKE MOORE
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Pressure is on to make metallic hydrogen By Emily Conover

n a few highly specialized laboratories, scientists bombard

matter with the world’s most powerful electrical pulses or

zap it with sophisticated lasers. Other labs squeeze heavy-
duty diamonds together hard enough to crack them.

All this is in pursuit of a priceless metal. It’s not gold, silver
or platinum. The scientists’ quarry is hydrogen in its most elu-
sive of forms.

Several rival teams are striving to transform hydrogen,
ordinarily a gas, into a metal. It’s a high-stakes, high-passion
pursuit that sparks dreams of a coveted new material that
could unlock enormous technological advances in electronics.

“Everybody knows very well about the rewards you could
get by doing this, so jealousy and envy [are] kind of high,” says
Eugene Gregoryanz, a physicist at the University of Edinburgh
who’s been hunting metallic hydrogen for more than a decade.

Metallic hydrogen in its solid form, scientists propose, could
be a superconductor: a material that allows electrons to flow
through it effortlessly, with no loss of energy. All known super-
conductors function only at extremely low temperatures, a
major drawback. Theorists suspect that superconducting
metallic hydrogen might work at room temperature. A room-
temperature superconductor is one of the most eagerly sought
goals in physics; it would offer enormous energy savings and
vastimprovements in the transmission and storage of energy.

Metallic hydrogen’s significance extends beyond earthly
pursuits. The material could also help scientists understand
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our own solar system. At high tempera-
tures, compressed hydrogen becomes a
metallic liquid — a form that is thought
to lurk beneath the clouds of monstrous
gas planets, like Jupiter and Saturn.
Sorting out the properties of hydro-
gen at extreme heat and high pressure
could resolve certain persistent puzzles about the gas giants.
Researchers have reported brief glimpses of the liquid metal
form of hydrogen in the lab — although questions linger about
the true nature of the material.

While no lab has yet produced solid metallic hydrogen, the
combined efforts of many scientists are rapidly closing in on a
more complete understanding of the element itself — as well as
better insight into the complex inner workings of solids.

Physicists use pow-
erful electrical pulses
inthe Z machine

at Sandia National
Laboratories to
create liquid metallic
hydrogen for fleeting
moments.

Not so simple
Hydrogen, the first element in the periodic table and the most
common element in the universe, ought to be easy to under-
stand: a single proton paired with a single electron. “What
could be more simple than an assembly of electrons and
protons?” asks theoretical physicist Neil Ashcroft of Cornell
University. But at high pressures, the physics of hydrogen
rapidly becomes complex.

Atroom temperature and atmospheric pressure, hydrogen is
agas. Butlike other materials, altered conditions can transform

RANDY MONTOYA/SANDIA LABS
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hydrogen into a solid or a liquid. With low enough temperatures
or a sufficiently forceful squeeze, hydrogen shape-shifts into a
solid. Add heat while squeezing, and it becomes a liquid.

If subjected to still more extreme conditions, hydrogen
can — at least theoretically — undergo another transforma-
tion, into a metal. All metals have one thing in common: They
conduct electricity, due to free-flowing electrons that can go
where they please within the material.

Squeeze anything hard enough and it will become a metal.
“Pressure does a great job of dislodging the outer electrons,”
Ashcroft says. This is what scientists are aiming to do with
hydrogen: create a sloshing soup of roving electrons in either
aliquid or a solid.

When hydrogen is compressed, many atoms begin to interact
with one another, while paired in molecules of two hydrogen
atoms each. The underlying physics becomes a thorny jumble.
“Itis amazing; the stuff takes up incredibly complex arrange-
ments in the solid state,” says Ashcroft, the first scientist to
propose, in 1968, that metallic hydrogen could be a high-
temperature superconductor.

Hydrogen’s complexity fascinates scientists. “It’s not just
the metallization question that’s of interest to me,” says
Russell Hemley, a chemist at the Carnegie Institution for
Science in Washington, D.C., and Lawrence Livermore
National Laboratory in California. Studying the intricacies
of hydrogen’s behavior can help scientists refine their under-
standing of the physics of materials.

In 1935, when physicists Eugene Wigner and Hillard Bell
Huntington of Princeton University first predicted that com-
pressed solid hydrogen would be metallic, they thought the
transition to a metal might occur at a pressure 250,000 times
that of Earth’s atmosphere. That may sound like a lot, but sci-
entists have since squeezed hydrogen to pressures more than
10 times as high — and still no solid metal.

Scientists originally expected that the transition would
be a simple flip to metallic behavior. Not so, says theoretical
physicist David Ceperley of the University of Illinois at
Urbana-Champaign. “Nature has a lot more possibilities.”
Solid hydrogen exists in multiple forms, each with a differ-
ent crystal structure. As the pressure climbs, the wily hydro-
gen molecules shift into ever-more-complex arrangements,
or phases. (For physicists, the “phase” of matter goes deeper
than the simple states of solid, liquid or gas.) The number of
known solid phases of hydrogen has grown steadily as higher
pressures are reached, with four phases now well established.
The next phase scientists find could be a metal — they hope.

If solid metallic hydrogen turns out to be a room-temper-
ature superconductor, it would have to be crushed to work,
making it impractical for many applications. But if hydrogen
could hold its metallic form after the pressure is released, as
some researchers have suggested, “it would be revolutionary,”
says physicist Isaac Silvera, who leads the metallic hydrogen
hunt at Harvard University. Such a material could be used
in electrical wires to reduce loss of energy and decrease the

world’s power consumption. And it might lead to efficient,
magnetically levitated trains and technological advances in
nuclear fusion, supercomputing and more.

While one group of would-be metallurgists is searching for
solid metal, other investigators seek the scientifically intriguing
liquid hydrogen metal. Their techniques differ in timescale and
size. To produce liquid metal, scientists violently slam hydrogen
for fractions of a second at a time, using enormous machines
at national laboratories. Scientists searching for a solid metal,
on the other hand, use fist-sized devices to capture hydrogen
between the tips of two tiny diamonds and slowly squeeze.

Diamonds have it rough

Crushing an ethereal, normally gaseous substance between two
diamonds sounds nearly impossible. Such tricky experiments
make for a field where researchers are in regular disagree-
ment over their latest results. “We’re still missing high-
quality, reliable data,” says physicist Alexander Goncharov.
“The issue is the experiments are too challenging.”

In his office at the Geophysical Laboratory of the Carnegie
Institution, Goncharov opens a desk drawer and pulls out a
device called a diamond anvil cell. The cylinder of metal is
small enough for Goncharov to cradle in his palm. Bits of pre-
cisely machined steel and tough tungsten carbide are held
together with four screws. Through portals in the top and bot-
tom, bright sparkles shimmer: diamonds.

Inside the capsule, two diamonds taper to tiny points a few
hundredths of a millimeter wide. They pinch the material
within, squashing it at over a million times atmospheric pres-
sure. The gap between the minuscule anvils can be as small as

The many phases of hydrogen
2,000

Liquid

1,000

Temperature (kelvins)

2 million 4 million
Pressure (atmospheres)

Exotic forms of hydrogen Under ordinary conditions, in a
region too small to be seen on this chart, hydrogen is a gas. At very high
temperatures, it becomes liquid. At high pressures, it’s a solid in one
of several phases. Scientists expect that it will become a solid metal at
pressures not yet reached. sOURCE: I.F. SILVERA/HARVARD UNIV.
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a few thousandths of a millimeter, about the size of a human
red blood cell.

Once they’ve been pressurized, diamond anvil cells will hold
the pressure almost indefinitely. The prepared cells can be
carried around — inspected in the laboratory, transported to
specialized facilities around the world — or simply stored in
a desk drawer. Goncharov regularly travels with them. (Tip
from the itinerant scientist: If questions arise at airport secu-
rity, “never use the word ‘diamonds.””) The diamond anvil can
squeeze more than hydrogen — materials from iron to sodium
to argon can be crushed in the diamond vise.

To identify new, potentially metallic phases of solid hydro-
gen within the pressurized capsules, scientists shine laser
light onto the material, measuring how molecules

But the claims haven’t been borne out, leaving scientists per-
petually skeptical of new results.

In a recent flurry of papers, scientists have proposed new
phases — some that might be metallic or metal-like precur-
sors to a true metal — and they are waiting to see which claims
stick. Competing factions have volleyed papers back and forth,
alternately disagreeing and agreeing.

A paper from Gregoryanz’s group, published in Nature in
January, provided evidence for a phase that was enticingly close
to a metal (SN Online: 1/6/16), at more than 3 million times
atmospheric pressure. But other scientists disputed the evi-
dence. In their own experiments, Eremets and colleagues failed
to confirm the new phase. In a paper posted online at arXiv.org
just days after Gregoryanz’s paper was published,

vibrate and rotate —a technique called Raman
spectroscopy (SN: 8/2/08, p. 22). If anew phase is
reached, molecules shift configurations, altering
how they jiggle. Certain types of changes in how
the atoms wobble are a sign that the new phase is
metallic. If the material conducts electricity, that’s

Eremets’ team unveiled hints of a “likely metallic”
phase, which occurred at a different temperature
and pressure than Gregoryanz’s new phase.

A few months later, Silvera’s group squeezed
hydrogen hard enough to make it nearly opaque,
though not reflective — not quite a metal. “We

another dead giveaway. A final telltale sign: The

think we’re just below the pressure that you need

normally translucent hydrogen should acquire a
shiny, reflective surface.

Significant hurdles exist for diamond anvil cell
experiments. Diamonds, which cost upwards of
$600 a pop, can crack under such intense pres-
sures. Hydrogen can escape from the capsule, or

to make metallic hydrogen,” Silvera says. His find-
ings are consistent with Eremets’ new phase, but
Silvera disputes Eremets’ speculations of metal-
licity. “Every time they see something change they
call it metallic,” Silvera says. “But they don’t really
have evidence of metallic hydrogen.”

diffuse into the diamonds, weakening them. So
scientists coat their diamonds with thin layers of
protective material. The teams each have their own
unique recipe, Goncharov says. “Of course, every-
one believes that their recipe is the best.”

Three phases of solid hydrogen have been known
since the late 1980s. With the discovery of a fourth

All this back and forth may seem chaotic, but
it’s also a sign of a swiftly progressing field, the
researchers say. “I think it’s very healthy compe-
tition,” Gregoryanz says. “When you realize that
somebody is getting ahead of you, you work hard.”

The current results are “not very well consistent,
so everybody can criticize each other,” Eremets

phase in 2011, “the excitement was enormous,”
Gregoryanz says. In Nature Materials, Mikhail
Eremets and Ivan Troyan at the Max Planck Institute
for Chemistry in Mainz, Germany, reported that
anew phase appeared when they squashed room-
temperature hydrogen to over 2 million times
atmospheric pressure. Goncharov, Gregoryanz and col-
leagues created the new phase and deduced its structure in
Physical Review Letters in 2012. In phase IV, as it’s known,
hydrogen arranges itself into thin sheets — somewhat like the
single-atom-thick sheets of carbon known as graphene, the
scientists wrote.

Progress doesn’t come easy. With each new paper, scientists
disagree about what the results mean. When Eremets and col-
leagues discovered the fourth phase, they thought they also had
found metallic hydrogen (SN: 12/17/11, p. 9). But that assertion
was swiftly criticized, and it didn’t stand up to scrutiny.

The field has been plagued by hasty claims. “If you look at the
literature for the last 30 years,” Gregoryanz says, “I think every
five years there is a claim that we finally metallized hydrogen.”
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Possible structures
for three solid phases
of hydrogen: phase
111 (top), phase IV
(middle) and a
theorized metallic
phase (bottom).

says. “For me it’s very clear. We should do more
experiments. That’s it.”

There are signs of progress. In 2015, Eremets and
colleagues discovered a record-breaking super-
conductor: hydrogen sulfide, acompound of hydrogen
and sulfur. When tightly compressed into solid form,
hydrogen sulfide superconducts at temperatures higher than
ever seen before: 203 kelvins (-70° Celsius) (SN: 8/8/15, p. 12).

Adding sulfur to the mix stabilizes and strengthens the
hydrogen structure but doesn’t contribute much to its super-
conducting properties. Hydrogen sulfide is so similar to pure
hydrogen, Eremets says, that, “in some respects we already
found superconductivity in metallic hydrogen.”

Brief glimmers

Giant, gassy planets are chock-full of hydrogen, and the ele-
ment’s behavior under pressure could explain some of these
planets’ characteristics. A sea of flowing liquid hydrogen metal
may be the source of Jupiter’s magnetic field (SN: 6/25/16,
p.16). Learning more about metallic hydrogen’s behavior deep

J.M. MCMAHON ET AL/REVIEWS OF MODERN PHYSICS 2012
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inside such planets could also help resolve a long-standing
puzzle regarding Saturn: The ringed behemoth is unexpect-
edly bright. The physics of hydrogen’s interactions with helium
inside the planet could provide the explanation.

Using aradically different set of technologies, a second band
of scientists is on the hunt for such liquid metallic hydrogen.
These researchers have gone big, harnessing the capabilities
of new, powerful machines designed for nuclear fusion experi-
ments at government-funded national labs. These experi-
ments show the most convincing evidence of metallic behavior
so far —but in hydrogen’s liquid, not solid, form. These enor-
mous machines blast hydrogen for brief instants, temporar-
ily sending pressures and temperatures skyrocketing. Such
experiments reach searing temperatures, thousands of kelvins.
With that kind of heat, metallic hydrogen appears at lower,
more accessible pressures.

Creating such conditions requires sophisticated equip-
ment. The Z machine, located at Sandia National Laborato-
ries in Albuquerque, generates extremely intense bursts of
electrical power and strong magnetic fields; for a tiny instant,
the machine can deliver about 80 terawatts (one terawatt is
about the total electrical power-generating capacity in the
entire United States).

A group of scientists recently used the Z machine to launch
a metal plate into a sample of deuterium — an isotope of
hydrogen with one proton and one neutron in its nucleus —
generating high pressures that compressed the material. The
pummeled deuterium showed reflective glimmers of shiny
metal, the scientists reported last year in Science. “It starts out
transparent, it goes opaque, and then later we see this reflectiv-
ity increase,” says Marcus Knudson of Sandia and Washington
State University in Pullman.

Another group is pursuing a different tactic, using some of
the most advanced lasers in the world, at the National Ignition
Facility at Lawrence Livermore. Scientists there zap hydrogen
to produce high pressures and temperatures. Though the con-
clusions of this experiment are not yet published, says physicist
Gilbert Collins of Lawrence Livermore, one of the leaders of the
experiment, “we have some really beautiful results.”

The first experiment to show evidence of liquid metallic
hydrogen was performed at Lawrence Livermore in the 1990s.
A team of physicists including William Nellis, now at Harvard,
used a sophisticated gunlike apparatus to shoot projectiles into
hydrogen at blisteringly fast speeds. The resulting hydrogen
briefly conducted electricity (SN: 4/20/96. p. 250).

These experiments face hurdles of their own —it’s a struggle
to measure temperature in such systems, so scientists calculate
it rather than measuring it directly. But many researchers are
still convinced by these results. Metallic hydrogen “certainly has
been produced by shock techniques,” Cornell’s Ashcroft says.

Some scientists still have questions. “It’s certainly difficult
to tell if something is a metal or not at such high temperature,”
Collins says. Although they need high temperatures to reach
the metal liquid phase, some physicists define a metal based on

Follow a timeline on the pursuit of metallic hydrogen at bit.ly/SN_hydrogen

Diamonds

%

Gasket

Tight squeeze Optical devices sandwich a diamond anvil cell (left).
Inside, two diamonds pinch a sample (right, purple dot), such as hydrogen,
iron or sodium. SOURCE: RIGHT: M.I. EREMETS AND I.A. TROYAN/NATURE MATERIALS 2011

its behavior at a temperature of absolute zero. Current experi-
ments hit high pressures at temperatures as close to zero as
possible to produce relatively cool liquid metallic hydrogen.

Scientists who conduct palm-sized diamond anvil cell exper-
iments refuse to be left out of the liquid-metal action. They’ve
begun to use laser pulses to heat and melt hydrogen crammed
into the cells. The results have stirred up new disagree-
ments among competing groups. In April’s Physical Review B,
Silvera and coauthors reported forming liquid metallic hydro-
gen. But under similar conditions, Goncharov and others found
only semiconducting hydrogen, not a metal. They reported
their results in Physical Review Letters in June.

“There’s kind of a crisis now with these different experi-
ments,” says Illinois theorist Ceperley. “And there’s a lot of
activity trying to see who’s right.” For now, scientists will con-
tinue refining their techniques until they can reach agreement.

The major players have managed to reach consensus before.
Four phases of solid hydrogen are now well established, and
researchers agree on certain conditions under which solid
hydrogen melts.

Solid metallic hydrogen, however, has perpetually seemed
just out of reach, as theoretical predictions of the pressure
required to produce it have gradually shifted upward. As the
goalposts have moved, physicists have reached further, achiev-
ing ever-higher pressures. Current theoretical predictions put
the metal tantalizingly close — perhaps only an additional half
amillion times atmospheric pressure away.

The quest continues, propelled by a handful of hydrogen-
obsessed scientists.

“We all love hydrogen,” Collins says. “It has the essence
of being simple, so that we think we can calculate some-
thing and understand it, while at the same time it has such a
devious nature that it’s perhaps the least understandable mate-
rial there is.”

Explore more
B Sandia National Laboratories. “Compressing materials
under extreme conditions.” www.sandia.gov/Pulsed-Power/

res-areas/dynamic materials/
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Desalination may soon turn a corner,
from rare to routine By Thomas Sumner

Freshwater is becom-
ing a scarce resource
in much of the world,

including Yemen, where
residents get water
from a public tap.

The world is on the verge of a water crisis.

Rainfall shifts caused by climate change plus
the escalating water demands of a growing world
population threaten society’s ability to meet its
mounting needs. By 2025, the United Nations
predicts, 2.4 billion people will live in regions of
intense water scarcity, which may force as many
as 700 million people from their homes in search
of water by 2030.

Those water woes have people thirstily eyeing
the more than one sextillion liters of water in
Earth’s oceans and some underground aquifers
with high salt content. For drinking or irrigation,
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the salt must come out of all those liters. And
while desalination has been implemented in
some areas — such as Israel and drought-stricken
California—for much of the world, salt-removal is
aprohibitively expensive energy drain.

Scientists and engineers, however, aren’t giv-
ing up on the quest for desalination solutions. The
technology underlying modern desalination has
been around for decades, “but we have not driven
it in such a way as to be ubiquitous,” says UCLA
chemical engineer Yoram Cohen. “That’s what we
need to figure out: how to make desalination bet-
ter, cheaper and more accessible.”

Recent innovations could bring costs down and
make the technology more accessible. A new won-
der material may make desalination plants more
efficient. Solar-powered disks could also serve

MOHAMMED HAMOUD/GETTY IMAGES



up freshwater with no need for electricity. Once
freshwater is on tap, coastal floating farms could
supply food to Earth’s most parched places, one
scientist proposes.

Watering holes
Taking the salt out of water is hardly a new idea.
In the fourth century B.C,, Aristotle noted that
Greek sailors would evaporate impure water, leav-
ing the salt behind, and then condense the vapor
to make drinkable water. In the 1800s, the advent
of steam-powered travel and the subsequent
need for water without corrosive salt for boilers
prompted the first desalination
patent, in England.

Most modern desalination
plants use a technique that
differs from these earlier
efforts. Instead of evaporat-
ing water, pumps force pres-
surized saltwater from the
ocean or salty underground
aquifers through special
sheets. These membranes

contain molecule-sized holes

In 2015,
more than

18,000

desalination plants worldwide

had combined
annual capacity of

316t

in the 1970s consumed as much as 20 kilowatt-
hours of energy per cubic meter of produced fresh-
water; modern plants typically require just over
three kilowatt-hours.

There’s a limit, however, to the energy sav-
ings. Theoretically, separating a cubic meter of
freshwater from two cubic meters of seawater
requires a minimum of about 1.06 kilowatt-hours
of energy. Desalination is typically only viable
when it’s cheaper than the next alternative water
source, says Brent Haddad, a water management
expert at the University of California, Santa Cruz.
Alternatives, such as reducing usage or piping
freshwater in from afar, can
help, but these methods don’t
create more H,0O. While other
hurdles remain for desalina-
tion, such as environmentally
friendly wastewater disposal,
cost is the main obstacle.

The upfront cost of each
desalination membrane is
minimal. For decades, most
membranes have been made

Or

liters of freshwater from polyamide, a synthetic

that act like club bouncers, polymer prized for its low
allowing water to pass through — 29°®® 7" manufacturing cost — around
while blocking salt and other $1 per square foot. “That’s very,
contaminants. 1 5 O very cheap,” says MIT materi-
The membranes are rolled . als scientist Shreya Dave. “You
like rugs and stuffed into countries can’t even buy decent flooring
meter-long tubes with addi- equaling at Home Depot for a dollar a

less than

tional layers that direct water
flow and provide structural
support. A large desalination
plant uses tens of thousands
of membranes that fill a ware-
house. This process is known as reverse osmosis
and the result is salt-free water plus a salty brine
waste product that is typically pumped under-
ground or diluted with seawater and released back
into the ocean. It takes about 2.5 liters of seawater
to make 1liter of freshwater.

In 2015, more than 18,000 desalination plants
worldwide had the annual capacity to produce
31.6 trillion liters of freshwater across 150 coun-
tries. While still less than 1 percent of worldwide
freshwater usage, desalination production is two-
thirds higher than it was in 2008. Driving the boom
is a decades-long drop in energy requirements
thanks to innovations such as energy-efficient
water pumps, improved membranes and plant
configurations that use outbound water to help
pressurize incoming water. Seawater desalination

Find large desalination plants worldwide at bit.ly/SN_desalination

17%

of worldwide freshwater use

square foot.”

But polyamide comes with
additional costs. It degrades
quickly when exposed to chlo-
rine, so when the source water
contains chlorine, plant workers have to add two
steps: remove chlorine before desalination, then
add it back later, since drinking water requires
chlorine as a disinfectant. To make matters worse,
in the absence of chlorine, the membranes are
susceptible to growing biological matter that can
clog up the works.

With these problems in mind, researchers are
turning to other membrane materials. One alter-
native, graphene oxide, may knock polyamide out
of the water.

Membrane maze

Since its discovery in 2004, graphene has been
touted as a supermaterial, with proposed applica-
tions ranging from superconductors to preventing

blood clots (SN: 10/3/15, p. 7; SN Online: 2/11/14).
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Passing through Desalination plants (top) pump saltwater through membrane-
filled tubes at high pressures. In each tube (bottom), water presses against rolled-up
layers of porous material that allows water molecules to pass through and into a
collecting tube while rejecting salt. Before disposal, the remaining salty wastewater
is used to pressurize inbound saltwater. source: H20DISTRIBUTORS.COM

Each graphene sheet is a single-atom-thick layer
of carbon atoms arranged in a honeycomb grid.
As a hypothetical desalination membrane, gra-
phene would be sturdy and put up little resistance
to passing water, reducing energy demands, says
MIT materials scientist Jeff Grossman.

Pure graphene is astronomically expensive
and difficult to make in large sheets. So Grossman,
Dave and colleagues turned to a cheaper alter-
native, graphene oxide. The carbon atoms in
graphene oxide are bordered by oxygen and
hydrogen atoms.

Those extra atoms make graphene oxide
“messy,” eliminating many of the material’s
unique electromagnetic properties. “But for a
membrane, we don’t care,” Grossman says. “We’re
not trying to run an electric current through it,
we’re not trying to use its optical properties —
we’re just trying to make a thin piece of material
we can poke holes into.”

The researchers start with graphene flakes
peeled from hunks of graphite, the form of car-
bon found in pencil lead. Researchers suspend
the graphene oxide flakes, which are easy and
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cheap to make, in liquid. As a vacuum sucks the
liquid out of the container, the flakes form a sheet.
The researchers bind the flakes together by add-
ing chains of carbon and oxygen atoms. Those
chains latch on to and connect the graphene oxide
flakes, forming a maze of interconnected layers.
The length of these chains is fine-tuned so that
the gaps between flakes are just wide enough for
water molecules, but not larger salt molecules, to
pass through.

The team can fashion paperlike graphene oxide
sheets a couple of centimeters across, though the
technique should easily scale up to the roughly
40-square-meter size currently packed into each
desalination tube, Dave says. Furthermore, the
sheets hold up under pressure. “We are not the
only research group using vacuum filtration to
assemble membranes from graphene oxide,” she
says, “but our membranes don’t fall apart when
exposed to water, which is a pretty important
thing for water filtration.”

The slimness of the graphene oxide mem-
branes makes it much easier for water molecules
to pass through compared with the bulkier poly-
amide, reducing the energy needed to pump water
through them. Grossman, Dave and colleagues
estimated the cost savings of such highly perme-
able membranes in 2014 in a paper in Energy &
Environmental Science. Desalination of ground-
water would require 46 percent less energy; pro-
cessing of saltier seawater would use 15 percent
less, though the energy demands of the new proto-
types haven’t yet been tested.

So far, the new membranes are especially dura-
ble, Grossman says. “Unlike polyamide, graphene
oxide membranes are resilient to important
cleaning chemicals like chlorine, and they hold
up in harsh chemical environments and at high
temperatures.” With lower energy requirements
and no need to remove and replace chlorine from
source water, the new membranes could be one
solution to many desalination challenges.

In large quantities, the graphene oxide mem-
branes may be economically viable, Dave pre-
dicts. At scale, she estimates that manufacturing
graphene oxide membranes will cost around
$4 to $5 per square foot — not drastically more
expensive than polyamide, considering its other
benefits. Existing plants could swap in graphene
oxide membranes when older polyamide mem-
branes need replacing, spreading out the cost of
the upgrade over about 10 years, Dave says. The
team is currently patenting its membrane-making
methodology, though the researchers think it will
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take a few more years before the technology is
commercially viable.

“We are at a point where we need a quantum
leap, and that can be achieved by new membrane
structures,” says Nikolay Voutchkov, executive
director of Water Globe Consulting, a company
that advises industries and municipalities on
desalination projects. The work on graphene
oxide “is one way to do it.”

Other materials are also vying to be polyamide’s
successor. Researchers are testing carbon nano-
tubes, tiny cylindrical carbon structures, as a
desalination membrane. Which material wins
“will come down to cost,” Voutchkov says. Even if
graphene oxide or other membranes save money
in the long run, high upfront costs would make
them less appealing.

Plus, those new membranes won’t solve the
problems of desalination in less-developed areas.
The costs of building a large plant and pumping
freshwater over long distances make desalination
ahard sell in rural Africa and other water-starved
places. For hard-to-reach locales, scientists are
thinking small.

A portable approach

In remote Africa, electricity is hard to come by.
Materials scientist Jia Zhu of Nanjing University
in China and colleagues are hoping to bring
drinkable water to unpowered, parched places by
turning to an old-school desalination technique:
evaporating and condensing water.

Their system runs on sunshine, something
that is both free and abundant in Earth’s hot-
ter regions. Using the sun’s rays to desalinate
water is hardly new, but most existing systems
are inefficient. Only about 30 to 45 percent of
incoming sunlight typically goes into evaporat-
ing water, which means a big footprint is needed
to create sizable amounts of freshwater. Zhu and
colleagues hope to boost efficiency with a more
light-absorbing material.

The material’s fabrication starts with a base
sheet made of aluminum oxide speckled with
300-nanometer-wide holes. The researchers
then coat this sheet with a thin layer of alumi-
num particles.

When light hits aluminum particles inside one
of the holes, the added energy makes electrons
in the aluminum start to oscillate and ripple.
These electrons can transfer some of that energy
to their surroundings, heating and evaporat-
ing nearby water without the need for boiling

(SN Online: 4/8/16).

The researchers have produced 2.5-centimeter-
wide disks of the new material so far, which are
light enough to float. The black disks absorb more
than 96 percent of incoming sunlight and about
90 percent of the absorbed energy is used in evapo-
rating water, the researchers reported in the June
Nature Photonics.

The evaporated water condenses and collects
in a transparent box containing stainless steel.
In laboratory tests, the researchers successfully
desalinated water from China’s Bohai Sea to levels
low enough to meet drinking water standards. The
researchers reckon that they can produce around
five liters of freshwater per hour for every square
meter of material under intense light. In early tests,
the disks held up after multiple uses without drop-
ping in performance.

Aluminum is cheap and the material’s fabrica-
tion process can easily scale, Zhu says. While the
disks can’t produce as much drinkable water as
quickly as big desalination plants, the new method
may serve a different need, since it’s more afford-
able and more portable, he says. “We are developing
a personalized water solution without big infra-
structure, without extra energy consumption and
with a minimum carbon footprint.” The research-
ers hope that their new desalination technique
will find use in developing countries and remote
areas where conventional desalination plants
aren’t feasible.

The disks are worth pursuing, says Haddad at
UC Santa Cruz. “I say let’s try it out. Let’s work
with some villages and see how well the tech
works and get their feedback. That to me is a good
next step to take.”
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Tiny particles of aluminum (white balls) line the surface
of a special material that can absorb a wide range of
wavelengths. The absorbed light excites electrons in the
material, which can pass on energy to nearby water mol-
ecules, causing evaporation without boiling. The process
may work for smaller desalination needs.

Researchers manufac-
tured sheets of graphene
oxide (top) that function
as water desalination
membranes. Each sheet
contains many graphene
oxide flakes (bottom)
linked together.
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Water desalination
could allow farming to
take to the sea. The idea
sparked the imagination
of a Spanish architecture
firm, which mocked up
an elaborate floating
farm complex (illustra-
tion). The triple-decker
structure would include
solar panels on top,
crops at midlevel and
fish farming on the
lower level.

Desalinating water by evaporation has a down-
side, though, Voutchkov says. Unlike most meth-
ods for removing salt, evaporation produces pure
distilled water without any important dissolved
minerals such as calcium and magnesium. Drink-
ing water without those minerals can cause health
issues over time, he warns. “It’s OK for a few weeks,
butyou can’t drink it forever.” Minerals would need
tobe added back in to the water, which is hard to do
in remote places, he says.

Freshwater isn’t just for filling water bottles,
though. With a nearly endless supply of salt-free
water at hand, desalination could bring agricul-
ture to new places.

Coastal crops

When Khaled Moustafa looks at a beach, he
doesn’t just see a place for sunning and surfing.
The biologist at the National Conservatory of Arts
and Crafts in Paris sees the future of farming.

In the April issue of Trends in Biotechnology,
Moustafa proposed that desalination could sup-
ply irrigation water to colossal floating farms.
Self-sufficient floating farms could bring agri-
culture to arid coastal regions previously
inhospitable to crops. The idea, while radical,
isn’t too farfetched, given recent technological
advancements, Moustafa says.

Floating farms would lay anchor along coast-
lines and suck up seawater, he proposes. A solar
panel-powered water desalination system would
provide freshwater to rows of cucumbers, toma-
toes or strawberries stacked like a big city high-
rise inside a “blue house” (that is, a floating
greenhouse).

Each floating farm would stretch 300 meters
long by 100 meters wide, providing about
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3 square kilometers of cultivable surface over
only three-tenths of a square kilometer of ocean,
Moustafa says. The farms could even be mobile,
cruising around the ocean to transport crops and
escape bad weather.

Such a portable and self-contained farming
solution would be most appealing in dry coastal
regions that get plenty of sunshine, such as the
Arabian Gulf, North Africa and Australia.

“I'wouldn’t sayit’s a silly idea,” Voutchkov says.
“But it’s an idea that can’t get a practical imple-
mentation in the short term. In the long term, I
do believe it’s a visionary idea.”

Floating farms may come with a large price
tag, Moustafa admits. Still, expanding agriculture
should “be more of a priority than building costly
football stadiums or indoor ski parks in the desert,”
he argues.

Whether or not farming will ever take to the
seas, new desalination technologies will trans-
form the way society quenches its thirst. More
than 300 million people rely on desalination for
atleast some of their daily water, and that number
will only grow as needs rise and new materials and
techniques improve the process.

“Desalination can sometimes get a rap for being
energy intensive,” Dave says. “But the immediate
benefits of having access to water that would not
otherwise be there are so large that desalination is
atechnology that we will be seeing for along time
into the future.”

Explore more

B Khaled Moustafa. “Toward future photovoltaic-
based agriculture in seas.” Trends in Biotechnology.
April 2016.

B Smart Floating Farms: smartfloatingfarms.com

SMART FLOATING FARMS


http://www.sciencenewsdigital.org/sciencenews/august_20_2016/TrackLink.action?pageName=26&exitLink=http%3A%2F%2Fsmartfloatingfarms.com
http://www.sciencenewsdigital.org/sciencenews/august_20_2016/TrackLink.action?pageName=26&exitLink=http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.tibtech.2015.12.012

“‘My friends all hate their
cell phones... | love mine!” yp!
Here’s why. -

Say good-bye to everything you hate about cell phones. Say hello to the ALL-NEW Jitterbug Flip.

[{?
Cell phones l'rave gotten so small, Monthly Plan | $14.99/mo $19.99/mo
I can barely dial mine.” Not the A
. ® I Monthly Minutes 200 600
new Jitterbug® Flip. It features a
. . s Operator Assistance 2417 2417
larger keypad for easier dialing. It
even has a |arger dlSPla)’ SO you can Long Distance Calls | No add’l charge No add’l charge
actually see it. Voice Dial FREE FREE
Nationwide C YES YES
“l had to get my son to program atiomwice overee
it.” Your Jitter‘bug FIIP set-up process \_ Friendly Return Policy! 30 days 30 days /

is simple. We’'ll even program it with
your favorite numbers.

More minute plans available. Ask your Jitterbug expert for details.

“I’d like a cell phone to use in an emergency, but | don’t
want a high monthly bill.” The Jitterbug Flip has a plan to
fit your needs... and your budget.

“I tried my sister’s cell phone...

I couldn’t hear it.”” The Jitterbug Flip
is designed with a powerful speaker and
is hearing aid compatible. Plus, there’s
an adjustable volume control.

“Many phones have features that are rarely needed and
) hard to use!” The Jitterbug Flip contains
easy-to-use features that are meaningful
to you. A newly designed built-in camera
makes it easy and fun for you to capture
and share your favorite memories. And

a new flashlight with a built-in magnifier
helps you see in dimly lit areas, the
Jitterbug Flip has all the features you need.

“I don’t need stock quotes, Internet
sites or games on my phone. | just want
to talk with my family and friends.” Life
is complicated enough... The Jitterbug Flip
is simple.

“What if | don’t remember a number?”’
Friendly, helpful Operators are available 24
hours a day and will even greet you by name
when you call.

Enough talk. Isn’t it time you found out
more about the cell phone that’s changing
all the rules? Call now, Jitterbug product
“My cell phone company wants to lock me experts are standing by.
in a two-year contract!” Not with the Jitterbug
Flip. There are no contracts to sign and no penalty

if you discontinue your service. Available in

Red and Graphite.

NEW Jitterbug Flip Cell Phone

Call toll-free to get your Jitterbug Flip.

Please mention promotional code 104048.

a $25 value. Call now! | -888-819-1166

www.jitterbugdirect.com

Order now and receive a
FREE Car Charger for your Jitterbug Flip —

i irstSTREET e
J Itterbug jl:. Ao ; and Beyond® f&z We proudly accept the following credit cards:
%, T—

i-' | | ) ; %, R m—— M,
19298 Ml il Hiead %, < VisA @ E_ e v
p Colonial Heighas VA 23854 mer 5° - il

47665

IMPORTANT CONSUMER INFORMATION: Jitterbug is owned by GreatCall, Inc. Your invoices will come from GreatCall. Plans and Services require purchase of a Jitterbug phone and a one-time setup fee of $35.
Monthly fees do not include government taxes or assessment surcharges and are subject to change. Coverage is not available everywhere. 5Star or 9-1-1 calls can only be made when cellular service is available. 'We
will refund the full price of the Jitterbug phone and the activation fee (or setup fee) if it is returned within 30 days of purchase in like-new condition. We will also refund your first monthly service charge if you have
less than 30 minutes of usage. If you have more than 30 minutes of usage, a per minute charge of 35 cents will be deducted from your refund for each minute over 30 minutes. You will be charged a $10 restocking
fee. The shipping charges are not refundable. There are no additional fees to call GreatCall’s U.S.-based customer service. However, for calls to a GreatCall Operator in which a service is completed, you will be
charged 99 cents per call, and minutes will be deducted from your monthly rate plan balance equal to the length of the call and any call connected by the Operator. Jitterbug and GreatCall are registered trademarks
of GreatCall, Inc. ©2016 GreatCall, Inc. ©2016 firstSTREET for Boomers and Beyond, Inc.

ADVERTISEMENT


http://www.sciencenewsdigital.org/sciencenews/august_20_2016/TrackLink.action?pageName=27&exitLink=http%3A%2F%2Fwww.jitterbugdirect.com

REVIEWS & PREVIEWS

EXHIBIT

Sealifestarsina
glass menagerie

From 1863 to 1890, Leopold and Rudolf
Blaschka made more than 10,000 sea
creatures out of glass. There were
anemones with tapered tentacles and
pearled undersides, translucent jellyfish
trailing the most delicate threads and
feather stars more than worthy of their
name despite their rigid composition.
The intricate invertebrates, crafted by
the father-son team at their studio in
Dresden, Germany, were shipped across
the world to serve as teaching models at
universities and museums.
In an era before marine
surveys and underwater
photography, before the

Fragile Legacy

THROUGH
JANUARY 8,2017

This oaten pipes hydroid (Tubularia indivisa) is
part of new exhibit of glass sea invertebrates.

to the Blaschkas’ pre-invertebrate
business — the highlight is a darkened
room set up like an aquarium, with sea
creatures seemingly floating in blue.
There’s a notable absence of museum
placards and descriptions. “We really
want people to look at the glassiness,”
says Marvin Bolt, a cura-
tor of the exhibit, before
pointing out the “Field
Guide to Underwater

CORNING MUSEUM

rise of scuba diving resorts,
the Blaschkas showed the
world the wonders of the sea.
Over five dozen of their glass won-
ders are now on display at the Corning
Museum of Glass in “Fragile Legacy.”
Though the exhibit opens with glass
eyeballs and a piece of jewelry — a nod

OF GLASS | Corning, N.Y.

Models.” The pamphlet
contains each animal’s
species name, as it was known in 1885
(when Cornell University acquired the
pieces, now on loan to Corning) and as
it is known today.

The aquarium offers a sense of the
Blaschkas’ style, but it’s the room next

door that provides the substance.
Sketches and watercolors, bottles of
colored powders, tweezers, pliers,
scoops and wire, along with a dem-
onstration video, give a fuller sense
of how the Blaschkas did their work.
Equally impressive are the matchboxes
filled with kleine augen (“little eyes” in
German) and other tiny but uniform
component pieces, suggestive of an
assembly line approach to handcraft-
ing the final glass forms. A series of
case studies explains how conservators
stabilized the pieces, and a trailer for a
related documentary, also titled Fragile
Legacy, highlights the vulnerability, not
of the glass, but of the real-world crea-
tures living in warming seas.

There’s one thing you won’t find
in this exhibit — the flowers that the
Blaschkas are most famous for today,
commissioned by Harvard beginning in
1886. But you’ll spot seeds of this later
work in the sea animals’ slender stalks
and garlands of orbs. As the Blaschkas
moved on to new subjects, their artistry
evolved from the forms they’d already
mastered. — Elizabeth Quill

BOOKSHELF
Science’s human side

It’s hard to pin down Stephen Wolfram’s
scientific discipline. He is part math-
ematician, part computer scientist,

part physicist. He’s also an inventor and
entrepreneur, known for the mathemat-
ics software package Mathematica and a
variety of other endeavors. And he blogs.

Stephen
Wolfram

Idea
Makers

Idea Makers .

Stephen Wolfram Among his blog posts and other essays
WOLFRAM MEDIA, and talks are commentaries on the lives
$22.95

e of other prominent figures from science
and math; some Wolfram knew personally, others he has
researched extensively. In his new book Idea Makers, Wolfram
has collected accounts of 16 such people, discussing their work
and its meaning for the nature of science and the process of
understanding math, computing and the physical world. Each
entry provides a healthy dose of personal information as well.
Some of the people Wolfram discusses are widely known —
Richard Feynman and Steve Jobs, for example. Others
are relatively obscure, such as Russell Towle and Richard
Crandall. But all have captivated Wolfram’s interest, either
by way of friendship or their historical importance for the
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fields of study that Wolfram himself has contributed to.

On the historical side, Wolfram offers his views of the logi-
cian Kurt Godel, computer scientist (perhaps the original
computer scientist) Alan Turing and mathematicians John
von Neumann and George Boole. Wolfram provides an espe-
cially extensive discussion of Ada Lovelace and her interac-
tions with Charles Babbage as they contemplated the prospect
of powerful computing engines a century ahead of their time.

Wolfram also dives into the story of Srinivasa Ramanujan,
and the lessons his genius offers about the nature of math.
With little formal training, Ramanujan discovered many sur-
prising results that seemed at first glance to be a bunch of “ran-
dom facts of mathematics.” But in recent decades, many have
been linked to deep mathematical principles that he seems
to have somehow perceived without knowing it. How did he
do it? Wolfram suspects that he “had intuition and aesthetic
criteria that in some sense captured some of the deeper prin-
ciples we now know, even if he couldn’t express them directly.”

Personal style, whether as reflected in the subtle genius of
Ramanujan or the boldness of vision-driven Jobs, plays an
underappreciated role in the progress of science and tech-
nology. Wolfram has collected some illuminating examples
of the ways the human side of scientific thinkers can enrich
the work they do. — Tom Siegfried

See more glass creatures at bit.ly/SN_FragileLegacy
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Quantum cat

The imaginary cat from Erwin
Schrodinger’s famous thought
experiment has been splitin

two — now existing in a living-
dead state in two boxes at once.
Scientists forced microwaves into
mimicking this quantum behavior,
which may have benefits for quan-
tum computing, Emily Conover
reported in “Schrodinger’s cat in
two boxes at once” (SN: 6/25/16,
p. 9). One reader on Facebook
offered this feline-related quip:

’

“Someone needs to design a
Schrédinger’s litter box that exists
in a quantum state of cleanliness.”
Ericavon S

Join the conversation
E-MAIL editors@sciencenews.org

MAIL Attn: Feedback
1719 N St, NW
Washington, DC 20036
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It’s all relative

In “Earth is young at heart” (SN: 6/25/16,
p. 5), Emily Conover reported that Earth’s
core is more than two years younger than
the planet’s surface, according to new
calculations. Thanks to the effect of gravity
on the passage of time, a clock placed at
Earth’s core will tick fractions of a second
slower than a clock at the surface. After
4.5 billion years, all of that different ticking
adds up to 2.5 years.

“‘Earth is young at heart” has got me
feeling upside down! Wouldn’t gravity
at Earth’s center be zero, not max?”
asked reader Pete Caruso. “Sure,

the center of the Earth is its center

of gravity, but wouldn’t it also be the
place where the mass surrounding
that point would be more or less equal
in all directions ... resulting in a ‘zero
gravity’ condition?”

There should be no gravitational
force at the very center of Earth,
Conover says, “but general relativity
teaches us that clocks run slower due
to the gravitational potential, not grav-
itational forces. That’s an important
distinction.”

Gravitational potential measures the
work needed to move against gravity
from one place to another, she says.
Although gravitational force is weaker
near Earth’s center, the gravitational
potential difference is larger. “If you
imagine going deeper and deeper into
the center of Earth, it would keep get-
ting harder to climb all the way back
to the surface,” Conover says. “That
means clocks will run slower down
there, and the Earth will be slightly
younger at its core, due to general
relativity.”

Call of the whale

Over the last decade, the frequency of
one portion of pygmy blue whales’ calls
has been steadily dropping — a change
in sound similar to that experienced by a
teenage boy during puberty. Researchers
aren’t sure why calls are getting deeper,
but it may be to attract mates or may

be learned from other whales, Meghan
Rosen reported in “Pygmy blue whale
‘moans’ deepen” (SN: 6/25/16, p. 13).

“Consider the temperatures of the
waters in which the calls are being
made,” online reader Scott Hancock
wrote. “Water temperatures are grow-
ing warmer, both at the surface and at
depths, affecting acoustics and trans-
mission qualities over larger areas.”
Temperature doesn’t explain the
deeper calls, says Jennifer Miksis-
Olds, a marine bioacoustician at the
University of New Hampshire in
Durham. “Surface waters are warming,
which impacts the sound speed profile
of the water column,” she says. But “the
deep ocean water where our sensors
are has remained constant.” Although
the whales vocalize closer to the ocean
surface where waters are warmer,
researchers found that temperature did
not contribute to the observed decrease.
What’s more, “water temperature would
have a greater impact at much higher
frequencies than the 100 [hertz] calls
we are looking at,” Miksis-Olds says.

Just a phase

Simulations covering Earth’s birth about
4.5 billion years ago to 10 billion years

in the future suggest that plate tectonics
is a midpoint in the planet’s progression
between two stagnant states, Thomas
Sumner reported in “Plate tectonics could
grind to a halt” (SN: 6/25/16,p. 8).

“I am just curious why [the researchers]
bothered to run their tectonic simula-
tion 10 billion years into the future,
when in about 5 billion years the
Earth is likely to be vaporized when
our sun completes core hydrogen
burning and becomes a red giant?”
Sid Parsons wrote.

“This work doesn’t just apply to
Earth, but to other planets as well,”
Sumner says. Some scientists think
Venus, currently a stagnant planet,
could hypothetically one day have
plate tectonics under the right condi-
tions. The new findings could also help
researchers studying planets beyond
our solar system. “Understanding
how long an exoplanet could stay in a
certain tectonic regime could help us
better understand the potential condi-
tions for alien life,” Sumner says.

MOPIC/SHUTTERSTOCK
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Committing Feynman
to atomic memory

These orderly patterns of dark blue dots
indicate where individual chlorine atoms
are missing from an otherwise regular grid
of atoms. Scientists manipulated these
vacancies to create a supersmall data stor-
age device.

The locations of vacancies encode bits
of information in the device, which Sander
Otte of Delft University of Technology in
the Netherlands and colleagues describe
July 18 in Nature Nanotechnology. The
team arranged and imaged the vacancies
using a scanning tunneling microscope.
The storage system, which can hold a kilo-
byte of data, must be cooled to a chilly
-196° Celsius to work.

To demonstrate the technique, the
researchers transcribed an excerpt from a
famous 1959 lecture by physicist Richard
Feynman, “There’s Plenty of Room at the
Bottom,” which predicted the importance
of nanotechnology. In each block, paired
rows represent letters (key shown in inset).
Blocks marked with an “X” were unusable.
The encoded 159 words of text (left, and
further magnified above) fill a region a ten-
thousandth of a millimeter wide.

If scaled up, the researchers say, the tech-
nology could store the full contents of the
U.S. Library of Congress in a cube a tenth of
amillimeter on each side. — Emily Conover

ALL: COURTESY OF TU DELFT
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Jomira’s Best Sellers, Great Items, Great Prices

*But read this entire ad for an even better deal!

The spy glass that made naval history...

ADMIRAL FARRAGUT’S
TELESCOPE /

(with table top tripod)
from us only $69.95*

* The optics of Admiral Farragut's
Telescope are 25x30. This means
that you get 25x magnification
and the great light-gathering
capacity of a 30mm objec-
tive lens. The scope is fully
chromed (over brass) for
extra beauty, protec-

tion and durability.

hen Admiral Farragut fought his legendary

naval battles he used a telescope just like this
to monitor the movements of the enemies’ fleets. This
beautiful optical instrument, a faithful replica of the
famous original is about 5 long in its collapsed posi-
tion and 13” when extended to full operating length.

Enlargement is 25x, which means that it brings

everything 25-times closer, and in needle-sharp focus,
than if viewed with the unaided eye. ADMIRAL
FARRAGUT’S TELESCOPE comes with a belt-loop
vinyl carrying case. There is also a table-top tripod for
extended observations.

The only universal optical instrument...

PANSCOPE

(the complete optical system) g
from us only $59.95%

* PANSCORPE is beautifully gift-
boxed, comes with its neatly fitted
leather case and with a plastic
“tripod” for extended observations
at 15x and 30x.

his is a little optical marvel.

PANSCOPE (only 2” long) contains a complete
optical system in its tiny body. You may use it as a
3x telescope or as a unique 3x telescope-loupe. In its
magnifying mode, it delivers magnifiers and loupes
at 5x, 10x, and 15x enlargement. And to top it all,
it also functions as a 30x microscope of laboratory
quality.

A special stand for long-term observation for 15x
and 30x microscope is included.

This marvelous little instrument, developed in Wet-
zlar (Germany), home of famous Leica cameras, is
the product of one of Asia’s finest makers. Its coated
optics are of superb quality, delivering the image
with brilliant luminosity, in needle-sharp focus, with
absolute clarity and with full chromatic correction.

Hold the whole world in your hand with...

JOMIRASCOPE,,

8 x 20 monocular
from us
only $59.95

* The optics of jomirascope are
8x20 - 8x magnification with 20 mm objective lens. It
comes in a neat zippered carrying case. The objective lens
can be used as an 8x magnifier. A 25x microscope attach-
ment ($29.95, 3 for 859.90) is also available.

Jomirascope is so small that it fits unobtrusively in
aman’s coat pocket or a lady’s purse. Yet it packs
a tremendous wallop in its tiny body. Its 8 x 20

fully prismatic and hard-coated optics give you 8x
magnification, with a remarkable field of 430 ft. at
1,000 yds. Its 20 mm objective lens affords unusual
light gathering even at dusk or dawn. What was that
rustling in the bushes? With JOMIRASCOPE you’ll
discover that it was an ivory-billed woodpecker.

Do you wish to explore every feature on the moon?
JOMIRASCOPE will be your instrument of choice.
Much smaller than even “pocket” binoculars and with
greater magnification than most, JOMIRASCOPE
should be your constant companion. And do consider
the 25x microscope attachment of laboratory quality,
which makes JOMIRASCOPE a complete optical
system.

You have seen such zoom binoculars
advertised nationally for $150...

6x to 18x JOMIRAZOOMS

from us only $99*

« JomiraZooms focus
smoothly from 6x to 18x or
anything in between, letting
you see unexpected details.
Porro prism construction and
ruby-coated lenses are the
best in optical construction. The 18mm objective lenses
provide high light-gathering capacity. JomiraZooms come
with a belt-looped carry case and strap.

JOMIRAZOOMS are the absolutely ultimate in
binoculars. They fit in your hand and weigh less
than 7 ozs. But they pack an enormous wallop in
their small body. Porro roof-prism construction and
ruby-coated lenses guarantee pinpoint sharpness at
any distance. The 18mm objective lenses provide
great light-gathering capacity making JOMIRA-
ZOOMS utterly reliable even in the dim light of dawn
or dusk. The zoom lever lets you smoothly change the
magnification from 6x to 18x or anything in between.
Are you watching the pitcher’s windup on 6x? Zoom
to 19x and you may be able to tell whether he is
throwing a fastball or a slider. There can be nothing
more useful for sports, nature watching, navigation,
and so many other pursuits. JOMIRAZOOMS is an
instrument that should be in every home.

Is this the famous Brand “X”’
watch that sells for over $1,000?

No, it is the
Argonaut™ Watch €

- yours for only $69

=

In contrast to many highly advertised
watches, the Argonaut™ is not a
mechanical watch. It is powered by an exquisite Japa-
nese quartz movement. Besides the hands and the date
disk, there are no moving parts. Nothing can go wrong
or wear out. And no matter how many jewels they may
have that inevitably happens with mechanical watches -
sometimes as soon as within a year.

We guarantee the Argonaut™ for three full years. If
you treat it reasonably well it should last you a lifetime.
The Argonaut™ Watch is of solid stainless steel con-
struction. It is guaranteed to be watertight to about 330 ft.
You’ll never dive that deep. Accuracy is guaranteed to 3
secs./month. You will need to change the battery in about
two years. It shouldn’t cost you more than $5. The Ar-
gonaut™ Watch is a thing of rugged masculine beauty. It
comes with a splendid adjustable stainless steel band.

jomira

330 SW 43rd St., Ste. K 333, Renton, WA 98057

An imcomparable timepiece,
an incomparable value..

RADIO- CONTROLLED
CLOCK

only $59.95%

* The sleek styling of R-C
Clock makes it an adorn-
ment for any home or office. &4

It works on one (included) —1 r@_%
AA-battery and is ready to =
go when you get it.

his beautiful clock is clad in brushed

aluminum. Its sleek design makes it an adorn-
ment for any home or office. It measures 5-1/4” x
4” and can be set on your desk or hung on a wall.
Time is displayed in inch-high digits. In addition to
the time (hours, minutes, seconds), you also get the
date, the day of the week, and the temperature in F
(or in C). There is a melodious but insistent alarm,
complete with snooze button for those extra winks.
The clock is controlled by a radio signal emitted by
a U.S. Government department; that ensures up-to-
the-second accuracy.

RADIO-CONTROLLED CLOCK works on one
AA-battery (included, of course). It’s ready to go
when you get it. You don’t even have to set it - it
sets itself.

*And here is our “special deal”: You may buy any three of these items -- mixed or matched --
for the price of two. The least expensive item is on the house -- absolutely FREE!

You may order by toll-free phone, by mail, and pay by check (U.S. only) or AMEX/Visa/MasterCard. Please give order code shown. Add $9.95 for ship./ins. for one and $12.95 for three items, except one
JomiraZooms or one Adm. Farragut’s Telescope is $12.95 and any three items containing one or more JomiraZooms or Adm Farraguts Telescopes is $15.95. plus sales tax for WA delivery. Canadian orders,
Bl please add $6 to our standard rates. You have 30-day refund and one-year warranty. We do not refund postage. For customer service or wholesale information, please call (425) 264-6393. E=

We ship the same day we receive your order. Please give order code Z098.

Order by toll-free phone: 1-800/600-2771

Visit our website at www.jomira.com
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This is how you make a splash...

Send in the Aquamarines

Claim your share of the legendary “sailor’s gem” that was once
considered more valuable than diamonds or gold!

— \“

fits of this legendary blue gem, because
your ship has come in. Today, you
can wear this spectacular 300
total carat Maré Aquamarine
Necklace for only $79! We'll even throw in a pair of

Stauer® Hana Sunglasses (a $99 value) to show how ',.Q

much value you can still get for your dollar.

#

cious cargo than aquamarine. Sailors paid hand- *
somely for its power, considering it their most o
valuable commodity. In scientific terms, the

chemical composition of our Maré Necklace -
beads are cousins to precious emeralds. They

begin life as geological twins underground,
colorless until something sparks a change. s
Sprinkle in a dash of minerals and one
becomes vivid green and the other becomes

brilliant blue. That’s the beauty of chemistry.

(Y
Claim your “Mermaid’s Treasure.” On any a
vessel crossing the oceans, there was no more pre- s

~

Alegend among luxury jewelers. Named for

the Latin words for “water of the sea,” aqua-
marine shines with all the colors of the ocean. Each
bead is like a droplet of the sea frozen in space and
time. Walk into the most exclusive retail jewelers and
you'll find aquamarine in a place of honor. Fifth

Avenue thinks nothing of offering a
strand of aquamarine “pebbles” * ok kok ok
“A wonderful purchase.

for nearly $12,000. But with a

color this captivating, you  Will compliment many colors.
deserve more than a dollop. — Diana, Streetsboro, OH
That's why we collected the

bluest stones from three continents,

polished them to perfection and arranged them in this

double-stranded, 300-carat masterpiece.

»

Your satisfaction is 100% guaranteed. Try the Maré
Necklace for 60 days. If you don’ fall in love, send it back
for a refund of the item sale price. You can even keep the $99
Hana sunglasses, no hard feelings. But once your wear 300
carats of aquamarine, you'll find that there’s no better way to
make a splash without getting wet!

Afford the Extraordinary

hen the sun turns up the heat, you need a
necklace that will make a splash. Ever since
" | ancient times, sailors have sworn by aquamarine for
1 ‘ protection on the open water. We guarantee it to
. turn heads, by land or by sea. And today you
don’t have to leave shore to reap the bene-

EXCLUSIVE

FREE

Stauer® Tortoise-
designed Hana
Ladies Sunglasses
(Polarized &
UV Lens)

-a $99 value—

with purchase of
Maré Necklace

To show exquisite
details, necklace
shown is not
exact size.

Maré Aquamarine Necklace (300 ctw) $479*

Offer Code Price Only $79 + S&P Save $100!
FREE Stauer Hana Sunglasses with necklace purchase
You must use the offer code to get our special price.

1-800-333-2045

Offer Code: MAN309-07

Please use this code when you order to receive your discount.

@ 14101 Southcross Drive W., Dept. MAN309-07,
tauer Burnsville, Minnesota 55337 www.stauer.com
p * Special price only for customers using the

offer code versus the price on Stauer.com

| a ACCREDITED
| without your offer code.

EAISIMESS

) Rating of A+
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