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GET A GRIP ON CALCULUS

Calculus has made it possible to build bridges that span miles of
river, travel to the moon, and predict patterns of population change.
Yet for all its computational power, calculus is the exploration of
just two ideas—the derivative and the integral—both of which
arise from a commonsense analysis of motion. Master them and
open a new world for yourself!

So why didn’t you grasp calculus the first time? In school, many of
us didn’t continue with mathematics and so this great achievement
remains a closed door. And for those of us who did, award-winning
Professor Michael Starbird—coauthor of the acclaimed math book
for nonmathematicians, The Heart of Mathematics: An Invitation
to Effective Thinking—can correct the clumsy classroom delivery
that hid its beauty. In Change and Motion: Calculus Made Clear,
2" Edition, the concepts and insights at the heart of calculus take
center stage.

This course is one of The Great Courses’, a noncredit recorded col-
lege lecture series from The Teaching Company”. Award-winning
professors of a wide array of subjects in the sciences and the liberal
arts have made more than 300 college-level courses that are avail-
able now on our website.

Order Today'!
Offer expires Tuesday 3 May A 2010

Change and Motion: Calculus Made Clear, 2" Edition
Course No. 177

24 lectures (30 minutes/lecture)
DVDs 4257495 \QOW $69.95

+ $10 Shipping, Processing,
and Lifetime Satisfaction Guarantee

Priority Code: 40259

Change and Motion: Calculus Made Clear, 2" Edition
Taught by Professor Michael Starbird, The University of Texas at Austin

Lecture Titles

1. Two Ideas, Vast Implications 12. Buffon's Needle or 7T from Breadsticks

2. Stop Sign Crime—The First Idea of 13. Achilles, Tortoises, Limits,
Calculus—The Derivative and Continuity

3. Another Car, Another Crime— 14. Calculators and Approximations
The Second Idea of Calculus— 15. The Best of All Possible Worlds—
The Integral Optimization

4. The Fundamental Theorem of Calculus 6. Economics and Architecture

5. Visualizing the Derivative—Slopes 17. Galileo, Newton, and Baseball

6. Derivatives the Easy Way— 18. Getting off the Line—Motion in Space
Symbol Pushing 19. Mountain Slopes and Tangent Planes

7. Abstracting the Derivative— 20. Several Variables—Volumes Galore

Circles and Belts 21. The Fundamental Theorem Extended
8. Circles, Pyramids, Cones, and Spheres 75 Fields of Arrows—

9. Archimedes and the Tractrix Differential Equations
10. The Integral and the 23. Owls, Rats, Waves, and Guitars

Fundamental Theorem 24. Caleulus Everywhere
11. Abstracting the Integral—

Pyramids and Dams
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Learn how geneticists can engineer a
better world, one DNA snippet at a time.
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How Are We

Meet the innovators behind the most
detailed diagram of the brain’s circuitry.

BIOLOGY

The Journey of the

SEA GIANTS

It's a matter of life and death for leatherback
turtles on the beaches of French Guiana.

A
Inside the Cutting-Edge Quest to Map the Human Mind

! “ yisey

o, |

“The more we learn,
the clearer it
becomes that the
brain is more than
the sum of its parts.”
p.32

Inside a unique effort to keep flesh-eating
worms from invading the U.S.
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The Spitzer Space Telescope is giving us
a new perspective on our own galaxy.

Did mysterious soil help feed long-lost
inhabitants of the Amazon rainforest?

COSMOLOGY p461
D

Find out how detectors at the bottom of the
sea are capturing elusive subatomic particles.
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SCIENCE UPDATE r.17

Bull’s-Eye P.6
This month’s gallery of amazing images: a cell
gone awry, a sky-high burial, a blossom of
unusual size, and an engine that burns bright.

Science Update P.15
A car for the blind, Mars's ancient lake,
slithering snakes, monkeys on a diet, how our
brains got big, and storms that prevent quakes.

Ask Us P.25
You asked, we answered: Can mountains form

overnight? How did the heavy elements arise?

Why are tropical flowers so colorful?

By the Numbers P72
A look at the Earth's vital statistics.
Contrast r.74

We compare the barren Dry Valleys of
Antarctica with the ocean's fertile coral reefs.

Letters r.4
| ASK US p.25

Trivia Countdown P.76

Brain Trainers r.80
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U.S. GOVT GOLD AT-COST

TODAY - The United States Rare Coin & Bullion Reserve has scheduled the final
release of U.S. Gov't Issued $5 Gold Coins previously held at the U.S. Mint at West
Point. These Gov't Issued Gold Coins are being released on a first-come, first-serve
basis, for the incredible markup-free price of $126 each. This “atcost” Gov’t Gold
offer could be cancelled at any time. Do not delay. Call a Sr. Gold Specialist today.

OWN GOV,T ISSUED GOLD COI NS Markup-Free Price of ONLY

DUE TO STRICT LIMITED AVAILABILITY, TELEPHONE ORDERS $ O O
WILL BE ACCEPTED ON A FIRST-COME; FIRST-SERVE BASIS

ACCORDING TO THE TIME AND DATE OF THE ORDER. EACH

If you've been waiting to
move your hard-earned
money into precious
metals, the time is now to
consider transferring your
U.S. dollars into United
States Government Gold. The Gold market
is on the move, up more than 290% over
the past 10 years - outpacing the DOW,
NASDAQ and S&P 500. Call immediately to
order your United States Gold Coins direct
from our Main Vault Facility, “at-cost”, for the
amazing price of only $126 per coin. Special
arrangements can be made for Gold pur-
chases over $50,000. Order your Gold today!

1 — Gov’t Issued Gold Coin $ 126.00
5 — Gov’t Issued Gold Coins $ 630.00
10 — Gov’t Issued Gold Coins $ 1,260.00

AT-COST OFFER LIMITED TO PURCHASES OF 10 COINS ($1,260) PER HOUSE-
HOLD PLUS SHIPPING & INSURANCE. MINIMUM ORDER 5 GOLD COINS.

CALL TOLL FREE (24 Hours A Day, 7 Days A Week)

1-800-309-6107

MASTERCARD ¢ VISA ¢« AMEX  DISCOVER * CHECK

Lﬁr\ﬂﬂﬂ_gﬁ’r",\ﬂl"l_,j

: > RAR.E COIN & BULLION RESERVE
Coins enlarged ¥ - ntGoil. blaﬂuulsd with the U.S. Government.
to show detail. = 3 i

No one, including the United States Rare Coin and Bullioh Reservelcafi guaran B Upordown. © 2010 United States Rare Coln and Bullion Reserve
Vo480 QU
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Letters e

» From the Editors

This month we're excited to unveil some
changes in Science lllustrated that we
think further our mission to deliver
fascinating topics in the most visually
engaging way. Every issue, we'll highlight
the innovative Tools+Techniques used
by researchers in a particular field, like
genetic engineering (page 52). In By the
Numbers, we'll give you vital statistics on
a scientific topic—the Earth, for example
(page 72). Finally, the images in Contrast
will showcase the contradictions inherent
in nature and technology (Barren versus
Fertile, page 74). We'd love to hear what
you think of these new sections.

E-mail us at letters@scienceillustrated.com

SCIENCE

ILLUSTRATED

Cracking 4 .
the Crust F

Did an Ancient
mpact Set
the Continents
n Motion? .4

The Lowdown

In “Who Will Survive?” [January/
Februaryl, you state that pikas live at
altitudes from 8,000 to 13,000 feet.
Yet other populations have recently
been found at elevations well below
8,000 feet, according to Embere Hall
of the Teton Science Schools’s Con-
servation Research Center in Jackson,
Wyoming. This shows that they are

L

cienceillustrated.com

capable of living at a broader range
in the Greater Yellowstone Ecosystem
than previously thought.

Marilyn Stone Via e-mail

Darwin Debate

“Origins of a Revolution in Hard-
cover” [November/December 2009]
was most interesting. In the 1926 au-
thorized edition of The Origin of Species,
however, the final sentence actually
reads: “There is grandeur in this view
of life, with its several powers, hav-
ing been originally breathed by the
Creator into a few forms or into one;
and that, whilst this planet has gone
cycling on according to the fixed law
of gravity, from so simple a beginning
endless forms most beautiful and
most wonderful have been, and are
being evolved.” By editing the quote
[to remove “by the Creator”], you
continue to foster the unnecessary
debate between science and religion.

Richard J. Erdlac, Jr. \lia e-mail

EDS: Darwin added “by the Creator"to
the book’s second edition. Modern edits
of his first edition, the article’s subject, do
not include these words, according to
science historian Ronald Numbers of the
University of Wisconsin.

Corrections

The London Underground has 155 miles
of train tracks, not 250 [World of Science,
Nov./Dec. 2009]. It still holds the record for
the longest distance traveled by different
routes by slightly more than 10 miles.

Sea-ice decline is threatening some polar
bear populations in the Arctic, not in Ant-
arctica ["Who Will Survive?' Jan./Feb)].

MAIN OFFICE

2 Park Ave., 9th Fl.

New York, NY 10016
Fax:212-779-5108

Web: scienceillustrated.com
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NEW SUBSCRIPTIONS

Phone: 866-429-0139

Web: sdenceillustrated.com/subscribe
N

Please send letters to the editor
to letters@scienceillustrated.com.  subscription questions to:
We regret that we cannot
answer unpublished letters.
Letters may be edited for
length or clarity.

SUBSCRIPTION INQUIRIES
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* Elementary Teachers of Science
e Science Teachers

® Preservice Teachers

* Science Coordinators

e Curriculum Specialists
 Administrators

® Principals

* College Methods Professors

* College Science Educators

* Policymakers

Visit www.nsta.org/
philadelphia

or call 1-800-328-8998
for more information.

Photo by Jim McWilliams
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* Featured Speakers: VP of the Planetary
Society Bill Nye the Science Guy®,
Greg Marshall, inventor of National
Geographic's Crittercam research tool,
and Dr. Jane Lubchenco, Administrator
of NOAA.

* Day-long special events including Teacher
Researcher Day, Informal Day, and
International Day.

* Develop content knowledge, new
teaching strategies, best practices.

e Presentations, workshops, and
sessions in your discipline and
grade band

» Competence on relevant issues—
literacy, assessment, inquiry—and more

» Networking with peers and
other professionals

e Exhibition Hall: Top companies, top
products, top giveaways
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i
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Development

Strands

e Meeting the Unique Needs of
Urban and Rural Science Learners

* Connecting Content: Between,
Within, and Among Subjects

® Closing the Digital Generation Gap
Between Teachers and Students

» Rekindling the Fires of Science
Teaching and Learning

Connecting
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Natlonal Conference on Scicnce Education

National
Science
Teachers
Association
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This lone lung-cancer cell, shown with enhanced color, is topped by purple blebs, bubbles that
form when a cell’s structure degrades, divides, or is placed under physical or chemical stress.
During this process, the cell membrane detaches from the cytoskeleton, the scaffolding that
maintains a cell’s shape, and forms spherical bulges. Scientists at Cancer Research UK are using
such images to examine how cells maintain normal functioning and to learn how cancer cells
disrupt the process. This microscopy image, by researcher Anne Weston, won a 2009

Wellcome Image Award, given for outstanding scientific and medical photography.
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Itty-Bitty Blossom

So thin that they’re nearly transparent, the
blooms of one of the world’s smallest orchids
measure just over 0.08 inch across. Lou Jost, an
ecologist with EcoMinga, a plant-conservation
foundation, discovered the yet-to-be-named
species in a cloud forest at an altitude of almost
10,000 feet on the Cerro Candelaria mountain in
Ecuador. The minuscule orchid, shown here
beside a ruler, was flowering among the roots
of a larger orchid that Jost had brought back

to his greenhouse for study.
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A jet of flame shoots out of the Lynxrocket’s main engine during
testsinthe Mo;ave Desert last March. XCOR Aerospace hopes to
make a splash in the budding space-tourism market with the

craft, whichis des:gned totake apilotanda passengerto suborbital
altitudes of up to 200,000 feet. Roughly the size of a small plane,
Lynx is powered by four engines that burn liquid oxygen and kero-
sene.The company is still testing the main engine, with the rocket’s
first test flight scheduled for later this year or early next.
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FUN LIKE

SUDOKU

except you end up

SPEAKING

Watch anyone solving a Sudoku puzzle and

you see a brain on fire: eyes transfixed, pencil

(or pen for the audacious) skittering across the
squares, a number scribbled in place, done!
Surprisingly, what looks like work is actually
fun. Not so surprising say cognitive scientists
because your brain loves solving puzzles.

That’s how it learns. It thrives on the bursts of
pleasure that are part of the brain’s reward system
when you solve problems and challenges.

At Rosetta Stoner we get the link between
language learning and problem solving.
Every screen in our full-immersion programs
presents an clegant language puzzle with
just the right level of challenge to make
learning effective and fun. Using Intelligent

JAPANESE.

Sequencing, we combine language you already
know with powerful visual clues to help you
solve new language meaning intuitively —

all without translation. And our sophisticated
speech technologies have you speaking from the
start — in Japanese or any of our 31 languages.
Rosetta Stone is your language-learning solution.
Let the fun begin!

SAVE 10% WHEN YOU ORDER TODAY

Level 1 $206
Level 1 & 2 $368
level ,2& 3  $485

Six-Month, No-Risk Money-Back Guarantee*

Arabic | Chinese (Mandarin) | Danish | Dutch | English (American) | English (British) | Filipino (Tagalog) | French
German | Greek | Hebrew | Hindi | Indonesian | Irish | Italian | Japanese | Korean | Latin | Pashto | Persian (Farsi) | Polish
Portuguese (Brazil) | Russian | Spanish (Latin America) | Spanish (Spain) | Swahili | Swedish | Thai | Turkish | Vietnamese | Welsh

Call or go online
(877) 247-0097
RosettaStone.com/sws030

Use promo code sws030 when ordering.

RosettaStone @

©2009 Rosetta Stane Ltd. All rights reserved. Offer applies to Personal Edition product only and cannat be combined with any other offer. Prices subject to change without natice. Offer expires July 31, 2010.

or to Audia C ion p tely from the CD-ROM

*Six-Month Money-Back Guarantee is limited ta product purchases made directly from Rosetta Stone and does not include return shipping. Guarantee does not apply to any online sub
product. All materials included with the praduct at the time of purchase must be returned together and undamaged to be eligible for any exchange or refund.
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changed with
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Red Planet’s Ancient Lake

Photos from space reveal landforms that held water on Mars

3 10 Te] 1V'# Shorelines on the surface of
Mars, most likely the remnants of a 3.4-billion-

Experiment (HiRISE), a camera on the Mars
Reconnaissance Orbiter, took pictures of the area
year-old lake, are the best evidence yet that in 2008 from 200 miles above the planet. The im-
standing bodies of water once existed on the ages have revealed evidence that an 80-square-
planet, say researchers at the University of Colo- mile lake as deep as 1,500 feet once existed
rado. Deltas adjacent to the lake bed could be there. The finding suggests that the planet’s
explored for signs of past life beneath the surface. ~ wet-and-warm period ended more recently than
NASA's High Resolution Imaging Science 3.7 billion years 2

Ultrashort laser pulses are
amplified and slowed so a
computer can convert them.

Laser Camerals
World'’s Fastest

Some phe-
nomena in physics, chemistry
and biology happen so quickly
that even high-speed cameras
cannot capture them—until
now. University of California at
Los Angeles engineers have
designed a camera that takes
photos by emitting laser pulses
a billionth of a second long. With
the ability to take roughly six
million frames per second, the
researchers say it's the world's
fastest camera.

STEAM technology (for
“serial time-encoded amplified
microscopy") could one day im-
age rare, ultrafast events, such
as shock waves or early-stage
cancer cells flowing through the
bloodstream. Catching these
few rogue cells among the

A 3.4-million-year-old lake

FROM LEFT: G. DI ACHILLE; SPL/FOCI
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bed on Mars may be studied for
signs of past life on the planet.

billions of healthy ones is dif-
ficult with current microscopy
techniques.
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The Secret of Slithering:
Friction and Shifting Weight

Special belly scales and subtle movements help propel snakes forward on flat terrain

BIOLOGY Scientists have long been
aware that snakes push off laterally
against objects like rocks and branches
to help them move. Their movement
over surfaces such as sand and paved
roads with no helpful objects has been
more of a mystery. Now research from
New York University and Georgia Tech
is explaining how friction generated by
a snake’s scales, combined with almost
imperceptible shifts in its body weight,
helps the reptile move forward on flat

Snakes lift parts of their
body to give leverage to
their body waves.

SCIENCEILLUSTRATED.COM MARCH/APRIL 2010

ground, and possibly on any terrain.

Researchers anesthetized snakes and

then measured the resistance created
by sliding them in different orientations
on a tilted board. When the board was
covered with a piece of fabric, sideways
movement resulted in twice as much
friction compared with forward sliding
(friction was calculated based on the
angle of the board). The researchers say
the snake’s belly scales, which overlap
like roof shingles, are oriented to “catch”

the ground during sideways and back-
ward movement. This keeps it heading
forward as it slithers from side to side.
Next, snakes were placed on gelatin
rigged to light up when the reptiles ap-
plied force. The experiments revealed that
snakes also slightly lift segments of their
body when they move, which limits un-
wanted friction and gives greater leverage
to their body waves. The findings could
help engineers design better snakelike
robots for search-and-rescue missions.
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How Snakes Slither

Friction from their scales drives
snakes forward as they undulate from
side to side. The reptiles also lift their
bodies slightly when they slither to
reduce unwanted friction and
increase pressure to the parts of

the body wave that generate the
advancing motion.

/ » AN,

@ Centerof mass @ Ppoints of greatest load

A Car for the Blind

Students at Virginia Tech have designed

a prototype car to put steering in the hands of
the blind. The retrofitted four-wheel dirt
buggy uses laser range finders, voice
commands and vibrating gloves, among
other features, to direct the driver. Two

Ford Escape hybrids equipped with the
technology are planned for this year.

Snakes had trouble moving when
wrapped in cloth. The fabric
eliminated the friction typically
produced by their scales.

Direction of force

NEWs FLASH B

Columbia University geo-
physicists say buried volcanic
rocks along the East Coast of the
U.S. could be used to sequester
industrial carbon dioxide emis-
sions. The basalt rocks react with
C0, to form carbonate minerals
such as limestone.

Two New York City high-
school students, aided by
researchers from the Rockefeller
University and the American
Museum of Natural History, used
a process called DNA bar coding
to expose 11 cases of food mis-
labeling in local markets.

An international team of
researchers hasidentified a
genetic marker associated
with cancerous facial tumors
that are decimating Australia’s
Tasmanian-devil population.
The finding will help differentiate
the growths from other tumors.
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Science Update

Potbellied Bottle
Warded Off Witches

Scientists in England uncover an ancient artifact with curious contents

ARCHAEOLOGY A handful of iron nailsand  Workmen found the bottle buried in a

brass pins, a lock of hair, 10 fingernail clip- Greenwich, England, cottage in 2004. Ac-

pings, some navel lint and human urine are cording to superstition, the contents of

among the bizarre contents of a “witch bottle”  such bottles could ward off witches and

currently being analyzed by Alan Massey, reflect their spells—commonly believed to

a retired chemist and witch-bottle expert. be responsible for human ailments—back
onto them. Roughly 200 witch bottles dating
from the 16th and 17th centuries have been
uncovered by archaeologists in England, but
the Greenwich jug, which was delivered to
scientists sealed, is the only completely intact
witch bottle to undergo chemical analysis.

Massey also found iron sulfide in the

bottle, probably the result of a chemical
reaction between the urine and sulfur (a.k.a.
brimstone). The sulfur may have been a nod
to the biblical mention of fire and brimstone.
Stoneware jugs known as bellarmines, for the
visage of Italian Cardinal Roberto Bellarmino
(1542-1621) stamped on the front, were
often used for witch bottles, although some
glass versions have also been found.

e

The miles most likely covered by millions of globe
skimmer dragonflies during their annual journeys
from India to Africa and back, according to a new
study. It’s the longestinsect migration known.
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A typhoonasseen
from asatellite

Tropical Storms

Prevent Quakes
Typhoons can

cause widespread destruction,
but they can also prevent some
disasters. So say geophysicists
from the Carnegie Institution of
Washington and the Institute
of Earth Sciences at Academia
Sinica in Taiwan, who found a
correlation between the tropical
storms and so-called slow earth-
quakes in eastern Taiwan.
Between 2002 and 2007,
the scientists measured 20 of
these nonviolent quakes, which
last from hours to more than a
day rather than just seconds like
the more familiar, destructive
earthquakes. Eleven of the small
quakes coincided with typhoons
in the region, and none occurred
during non-typhoon months.
The storms reduce air pressure
over land but not at the ocean
floor. This pressure imbalance
may trigger the slow quakes, re-
searchers say, frequently releasing
stress from areas of a fault—and
explaining why devastating earth-
quakes are rare in eastern Taiwan.

FROM TOP COURTESY JACQUES DESCLOITRES/MODIS RAPID RESPONSE TEAM/NASA/GSFC; BRITISH ARCHAEOLOGY
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Just discovered hoard of U.S. $10 Gold Liberty Coins Now Available

Don’t Miss
This Opportunity:
Order Now!

Our buyers just discovered one of the most significant
, : 4 e g e As low as
European Bank hoards of U.S. gold in years. They

secured 1,769 magnificent U.S. gold coins ‘-.;3“"‘”'“:;' . $79 5

guaranteed to be over 100 years old. The o’ 2 ea. o
vintage coins in this hoard represent 4 ‘(‘()fls"dm' fhm the num-
dates ranging from 1866 through ber of U.S. coin collectors

o ; has sharply risen to over 50
1907 that uniquely represent the P

: fo e o million today, you may never
history of our nation in fine gold. 7 ’
get a second chance to take

Uncirculated Gold Coins advantage of this opportu-

from the Past are
Timeless Treasures

nity. Order now while
our limited supplies last.
Buy more and save! Due
Each of these $10 Gold to our limited supply of
Liberty coins is certified in these coins, we must issue
Uncirculated Condition. As gold a strict limit of 5 coins per
values have soared with unpre- customer. Why pay $900 or
dictable oil prices and the falling dollar, more for similar coins? Prices and
you may never again have the opportunity orders subject to availability, so call
to own these gold coins at this price. today. Your satisfaction is assured by our
With the falling dollar, demand for these coins Shown larger than actual size 30-day money-back guarantee.

continues to escalate as collectors and of 27 mm in diameter

investors scramble to scoop up US. gold
. . ; . Order More & Save
coins for their pure gold content and scarcity.

$ per coin_shipping __ total

Certified genuine uncirculated U.S. gold

coins have historical and numismatic value 1 Liberty Coin 5845 $15S5&H 9860
; . |
that bullion gold cannot match, making 3 Liberty Coins 2825 FREE! 52475
] 5 Liberty Coins (max)  $795 FREE!  $3,975

7 these coins even more attractive.

Call Toll-Free:

1-800-695-3120.....

New York Mint, 5577 W 78th St., Edina, MN 55439

Not affiliated with the U.S. Government

© 2009 New York Mint
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Science Update

An uncontrolled diet
decreases longevity
in rhesus monkeys.

Reducing calories benefits humans'close relatives

MEDICINE The results of an ongoing,
decades-long study are coming in, and
the message is clear: Cutting back on
calories leads to a longer, healthier life, at
least for rhesus macaques. Researchers
from the University of Wisconsin began
following 76 monkeys and their food
intake in 1989. One group of monkeys is
allowed to eat freely, while the other is on
a restricted diet of 30 percent fewer calo-
ries than their normal intake. Since the
study began, half of the monkeys in the
control group have died, whereas 80 per-
cent of the dieting monkeys are still alive

LI

1)
Jil)
’

’j &V ‘ (e PV o] Ko lchd Undeciphered markings on

objects created by the Indus civilization, which
existed between 2600 and 1900 B.C. in what is

(macaques live an average of 27 years in
captivity). The restricted group has also
had significantly fewer cases of cancer
and cardiovascular disease, less loss of
brain mass and no cases of diabetes.

The researchers caution, however,
that such long-term calorie reduction
would be extremely difficult for humans.
“We hope to use our research to better
understand the mechanisms behind the
positive effects of calorie restriction so
that we may devise other ways in which
people may remain healthier longer,” says
lead study author Ricki Colman.

NEWs FLASH B

A network of cameras
deployed by NASA and the
Canadian Space Agency has
identified the origin of mysteri-
ous explosions in the northern
lights called substorms. The
eruptions are caused when

a slow-moving aurora and a
faster-moving one collide.

Scientists at the Medical
College of Georgia have engi-
neered a mouse that displays
schizophrenic-like behavior by
eliminating a gene associated
with the disease. The mouse,
which responded to medica-
tion often used to treat patients
with schizophrenia, is provid-
ing the first animal model of
the disorder.

Archaeologists in Israel

have uncovered evidence of
sophisticated human behaviors
750,000 years ago, some half

a million years earlier than
previously estimated. The
researchers found organized
living spaces, stone tools and
the earliest evidence of fish
consumption by humans.

The European Space Agency'’s
Herschel Space Observatory,
launched last year, is capturing
the most detailed images yet
of galaxies in the early stages
of formation 12 billion years
ago, roughly a billion years
after the big bang.

I . Ancient Symbols: Not Just Pretty Pictures

that the sequence of the marks more closely re-
sembles linguistic systems than non-linguistic
systems (such as images depicting deities). The

now eastern Pakistan and northwestern India,
appear to be words or letters. A recent Univer-
sity of Washington computer analysis shows

research provides evidence against a recent
hypothesis that the Indus script represented
pictures or icons rather than words.

FROM TOP: J. MILLER/UW-MADISON; J.M. KENOYER/DEPT. OF ARCHAEOLOGY AND MUSEUMS, PAKISTAN
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Black is the New

Less than
680 still available.
A genuine one carat
diamond ring at an
incredible price—
under $200!

Experience some of that old black magic at an unbelievable price: a genuine 1-carat
Black Diamond Ring now under $200!

hen I strolled into the palatial lobby

of the Grand Casino in Monte-Carlo,
I headed straight for the roulette table to
place my one bet for the evening. Of
course, I bet it all on black. Black diamonds
that is. I met our Belgian diamond dealer in
the casino here and he pulled out a black
suede pouch. He had almost 900 carats of
rose cut black diamonds with him. When
he told me the terrific price, I said that I'll
take them all. Faceted one carat diamonds for
under $200 a carat—maybe this is one time
you can leave a casino
with a winning hand.

| Right now, black
diamonds are the
hottest precious
| stones in high-end
| jewelry. You see them
everywhere, from the
glitz and glamour of
the French Riviera to
the haute-couture fash-
ion houses of London,
Paris and Milan. And
thanks to our priceless
connections with the
Belgium’s top gem
cutters, Stauer has
found a way to make
black diamonds even
more attractive.

USING THE RING SIZE CHART
Place one of her rings on top of one of the clrcle diagrams. Her ring size is the

circle that maltches the inside diameter of the ring diagram. If her ting falls betwween
Sizes, order the next larger sizs,

Introducing the Exclusive Stauer
Rose Cut. Our Black Diamond Ring is a
true stunner in classic black and white. But
what really sets it apart from other black
diamond jewelry is the exclusive Stauer
Rose Cut. You'll see that we meticulously
engineered the geometry to coax the best
sparkle from the bold black stone. Every
angle and edge catches and bounces back
the light, setting the center stone on fire.

The Black Diamond Ring features a
1-carat, rose-cut genuine black diamond
surrounded by 48 brilliant, lab-created
white DiamondAura® The gem-quality
black diamond is prong-set in the finest
925 sterling silver and rises up from the
concentric circles, like pond ripples that
sparkle with dozens of fiery facets. The
shoulders are adorned with their own
glittering epaulets, radiant rows of
DiamondAura® that :

draw the eye back to §
the diamond center.

Our buying power
saves you thou-
sands. You can find
similarly designed
black diamond rings
that are selling for
$2,000, $3,000 and
even $4,000 per carat!
How is it possible that

Smart Luxuries—Surprising Prices

Stauer can offer our spectacular Black
Diamond Ring for less than $200? It's
simple, really. Since we buy literally
millions of carats of precious gemstones
every year, no one can touch our price.

Try our Black Diamond Ring. And, if
for any reason, you find yourself looking
like less than a million bucks, just return
the Black Diamond Ring within 30 days
for a refund of your purchase price. But, be
warned. Once you’ve had a taste of the
“good life”, there’s no turning back.
JEWELRY SPECS:

- 1 ctw genuine black diamond

- 48 scientifically-grown DiamondAura®

- 925 sterling silver setting - Ring sizes 5-10

A. Black Diamond Ring (1 % ctw)
$295™ $195.*

B. Black Diamond Earrings (1 5/s ctw)
$4957% $295."

C. Black Diamond Pendant (1 3/s ctw)
$2957 $195."

Black Diamond Set—$1,085." $645."
Save $440

Call now to take advantage of this limited offer.

1-888-201-7659

Promotional Code BDR168-01

Please mention this code when you call.

Depr. BDR168-01
Burnsville, Minnesota 55337

www.stauer.com

14101 Southcross Drive W,
Stauer
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Savvy leards
Shake Off
Venomous Ants

Fence lizards in the south-
eastern US. are providing a significant
example of just how fast native animals can
adapt to invasive species.

Venomous South American fire ants in-
vaded North America in the 1930s and have
since colonized states from Texas to Florida.
The ants, which operate in groups to inject
paralyzing venom into prey before feasting
on the animals, are expected to eventually
invade more than half of Earth's landmasses.
Biologist Tracy Langkilde of Penn State
University recently observed how the fence
lizards from four regions—three that contain
fire ants and one that doesn't—respond to
the predator.

Langkilde found that lizards that hailed
from ant-infested habitats will often cast
off the bugs by twitching their bodies and
then flee the scene, whereas those with no
prior fire-ant experience are more likely to
simply close their eyes and stand still. The
ant-exposed lizards also have longer hind
legs, which may give them an advantage
during twitching and fleeing. Both adapta-
tions probably evolved as shorter-legged and
less-reactive lizards were killed off by ants at
higher rates than longer-limbed animals.
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Thank the Cold for—

OurBi

Cooling temperatures may have allowed the human bram todevelop

ANTHROPOLOGY Two recent studies
are adding weight to a decade-old theory
that global cooling played a big part in
the evolution of our large brains.

Human brain activity generates a
tremendous amount of heat, which the
body must release to prevent overheat-
ing. Ten years ago, biologists David
Schwartzman and George Middendorf
of Howard University hypothesized that
prehistoric brain size was constrained
by a hot climate. Humans probably
weren't able to develop big brains until
the environment was cool enough. The
researchers posited that a cooling trend
over the past 50 million years allowed
for increases in human brain size.

Recent work by climate researcher

Cooler Heads Prevailed

TR

-A

Axel Kleidon of the Max Planck Institute
for Biogeochemistry in Germany sup-
ports a theory of temperature-restricted
development. According to his climate
models, both temperature and carbon
dioxide levels can affect human meta-
bolic activity, including brain function.
Schwartzman and Middendorf
have since calculated that air tempera-
tures would have had to drop just 2.7°F
to allow for the brain-size changes that
took place between Australopithecus
africanus and Homo habilis, as well as
between Homo ergaster and Homo erec-
tus, the likely predecessor of modern
humans. This change in temperature
is consistent with global cooling at the
time, Middendorf says.

Air-temperature shifts correlate to brain size, say researchers. Over the past 50 million
years, a worldwide cooling trend may have allowed large-brained humans to develop
from the smaller-brained Australopithecus line.

AUSTRALOPITHECUS
AFRICANUS

Brain size:
28.1in.}

Millions of years ago

Tertiary period

Brain size:
61.0in.}

—

. -:{15
‘}ﬁ oy

Quarternary period
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THE ULTIMATE IN OPTICS SHOPPING:

adorama.com

SAME DAY SHIPPING
on orders placed till 6:00PM EST
Monday thru Thursday & Friday till 1:00PM
on most in-stock items

FREE SHIPPING

on thousand of items!
for complete details, call or
visit us online at adorama.com

14 DAYS MONEY-BACK

satisfaction guarantee
for complete details, call or
visit us online at adorama.com

WE BUY & TRADE
used photo/video equipmement
for more details visit adorama.com/sell

TRrR I EASELECT

( <4 CEALER

NexStar
130 SLT

130mm (5.1") diameter Newdonian
Reflector Telescope with Motorized
Altazimuth Mount & 4,000+ Object
Database

&) MEADE

ETX-LS Lightswitch

6" (152mm) £10 ETX-LS LightSwitch Telescope
with Advanced Coma-Free Optical Tube
Assembly and UHTC Coatings, Autostar lll
Handbox Controller

BRU/\/TON.

ADC Pro, Handheld
Atmospheric Data
Center Meter

ADC lends necessary insight to your outdoor
activity.

BRU/\VTON

Solaris 26 Watt
Foldable Solar Array

The next generation of Solaris
foldable-solar-technology is here.
CIGS is the mast efficien
thin film solar technol-
ogy available.

CARSON
ePix Digital Zoom

ePix Digital Zoom {26x-130x)
Microscope with Integrated
Camera

222010,

Customer Relations 800-815-0702 212-741-0466
Mon-Thur. 9-4:30, Fri. 9-1, EST
FAX # 212-463-7223

PREMIENGL) Cry

CELESTR ltem Includes:
(‘Ia. DEALES o Cany Case,
* Eaphones,

© Hand Strap,

SkyScout  USB Cable

A fun learning tool for all
ages, the SkyScout
personal planetarium
puts the knowdedge of an
expert astronomer in the
palm of your hand.

PRO//I(

8 x 42 Birding Series

Water Proof Roof
Prism Binccular
with 8.3 Degree

Angle of View.

Nikon

Laser Forestry 550 /
Hypsometer Laser
Rangefinder

In addition to actual distance
measurement

Macsense GNC-35 Geomet'r
Real Time Geotagging

GPS Receiver

for the Niken D300, D3, D200,

D2Hs, D2Xs, and Fuiifilm S5 Pro
DSLR Cameras

(PrEMISSSCE) ECOT

(gerLesTRON

Biological Microscope

with Built-in Digital Camera, 1600x Power,
LED luminated & USB Interface

Source for the Educated Photographer

Canon

EOQS 50D

© 15.1 Megapixel CMOS sensor

* DIGIC 4 Image Processor

® 3.0-inch Clear View LCD

* 9 cross-type high-
precision sensors

* Compatible with all Canon
lenses in the EF and EF-S lineup

Canon

10x301S

* Image Stabilized, ® Weather Resistant

 Porro Prism Binocular with 6.0° Angle
of View, U.S.A

 Doublet field flattener lens

 Super Spectra Coating

* Closest focusing distance of
4.2 meters 138 fi.

Spacemaster 60mm

Straight View Spotting Scope Kit
with 15-45x Zoom Eyepiece, Table Top Tripod
and Backpack Carry Case, Black

Nightvision 2.5x-42mm
Binoculars with Infrared _

llluminators

veho'

svofesdonel coollp

VMS-004 Deluxe
400x USB Powered
Microscope with
USB Interface

Powerful 2 megapixed sensor
allows you to zoom in at up to
400x magnification

ADRAMA

Bushnell line-up of night vision
equipment is lightweight, compact
and ready to use for work or for play.
STORE: 212-675-6789
Store & Mail Order Hours: Mon.-Thurs. 9-7:30pm
* Fri to 3:30 (Store till 1:30) ® Sun. 9:30-5:00

ns.net
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PROMOTION

POPULAR
SCIENCE© WANTS YOU TO

IMPROVE OUR
WQO D

l

- Poruar agazme is hosting the 2nd annual School
B . | ﬁvél’\tﬁi' nallenge. We are calling the youth of America
%, | r* b S 0 come L PV |th arunventlon that improves our world.

‘gi

‘———‘

e NG ALL

IEPIEtpEe - -Av- RS & STUDENTS

- Nalionz * $6 000
YOOI WORTH OF SCIENCE

" EQUIPMENT FOR YOUR

'SCHOOL!

o ™
hallenge’

b ‘.‘r\

Sponsared by:

; Teachers and Students in Elementary through High School
College of Science L &
Go to popsci.com/sciencecontest

FREE & EASY TO ENTER!
(N CELESTRON Enter by June 30

www.celestron.com
In Partnership with: — - = — Museum partners:
~ A 4 Natic .
55 science it CIENTIFI m OPULAR SCIENCE
el . SOEneer STENGE  nyS€l

NO PURCHASE NECESSARY TO ENTER OR WIN. The “2010 National School Inventors Challenge” Contest is open to legal residents of the 50 United States or the District of Columbia who
are: (1) licensed teachers who enter on behalf of their respective el itary, middle or high school classes; or (2) individual students, including those who are home-schooled, who are in
elementary, middle or high school/level. All entrants must be physically located within the 50 United States or the District of Columbia. See official rules for details. Contest begins at 12:01
AM Eastern Time (“ET”) on 9/15/09 and ends at 11:59 PM (ET) on 6/30/10.
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Which canines
wag their tails in
greeting?

Ceramic amphorae were once
used for storage and shipping.

amphorae

have pointed
bottoms?

The jars’ cone shape made
them convenient for storing and
transporting liquids like olive
oil and wine in ancient Greece
and Rome. Amphorae were
designed to be stacked in layers.
The pointed bottoms could be
situated firmly between the
necks of the layer below, with
the tips of the bottommost layer
secured in sand or pebbles.
Their pointy shape gave the
ceramic jars structural strength,
allowing them to hold large
volumes of liquid—the largest
vessels contained up to 20 gal-
lons. Their design also made it
easier for a person to carry and
pour from the heavy jars (they
weighed as much as 80 pounds
when empty).

— (S to liquidsin
-

et avacuum?

What happens

Why are birds
attractedtored
flowers?

Can mountains shoot
up overnight?

mountains, built
from volcanic lava, took at least a decade
to form, says geologist Nathan Niemi of the
University of Michigan. In Paricutin, Mexico,
for example, a mountain grew 1,391 feet

between 1943 and 1952.“A small volcano just

erupted for 10 years straight and in the end
left this mountain standing there,” Niemi says.
“That's probably the closest you can come in
terms of an instantaneous process.’ He adds
that although asteroid impacts can't build
actual mountains, they can create a large dif-

Volcanic eruptions
constantly change the height
of Sicily’s Mt. Etna.

ference in elevation—like the 600-foot-deep
Meteor Crater in Arizona—within minutes.
Most mountains are created by colli-
sions between Earth's tectonic plates and are
formed over millions of years. These plates
never move faster than a few inches a year,
of which only a fraction goes into building a
mountain. Mountains also affect the weather
around them, bringing rain and snowstorms
that lead to erosion. Many are therefore in
a steady state of equilibrium, getting torn
down as fast as they rise.

MARCH/APRIL 2010 SCIENCEILLUSTRATED.COM | 25

www.journal-plaza.net & www.freedowns.net


http://www.journal-plaza.net
http://freedowns.net/

How did

the 116 elements
that come after hydrogen and helium on
the periodic table to be “heavy” elements.

The vast majority of these were formed
after the big bang by nuclear reactions
inside stars.

An element becomes heavier as its
atomic mass—the sum of neutrons and
protons in its nucleus—increases. The
“light” elements, hydrogen and helium
(along with a small amount of the
heavier lithium) were formed by nuclear
reactions during the big bang. The ele-
ments beryllium, boron and most of the
lithium that exists are probably continu-
ously produced by the breakdown of
heavier elements or by the collisions
of cosmic rays with interstellar carbon,
oxygen and nitrogen. The rest of the
elements are produced inside stars and
released into space as the stars die.

.
1
f

e o e

A
~
S
v
R 2
AW
rBE
N

» Y.
! o'f’ | 3
oy ;" o5 4 A Y
B Ll iatais, v
vi 4 |
PSR S
i AT Nl '.«. e~ =

tyacids arefoundin
slikefrench fries.

26 | SCIENCEILLUSTRATED.COM MARCH/APRIL 2010

the

a Lo |
-— @

Young ant dlefé;.ged stars
generate a i
by nuclear fusion, such as when three
helium nuclei fuse at incredibly high
temperatures to form one carbon
nucleus. Fusion, the process that fuels
stars, can create all of the elements up to
iron, but the 92 elements heavier than
iron are mostly created by a process
called neutron capture that takes place
inside dying stars.

Neutron capture occurs when an
element takes up free-floating neutrons
into its nucleus. The capture makes the
element unstable, and it releases energy
in the form of radiation to stabilize itself.
When this process transforms a neutron
into a proton, the element’s atomic
number increases by one, turning it into
a heavier element. Xenon, for example,
captures neutrons to become cesium.

‘2 wala € 4
r of heavy elements = ==
-

s like'the ive for
, beco mjngvred gi .ntg to-
d of their lives. They produce
ents in g relatively slow pro-
cess, known as s-process, of neutron cap-
ture as theyidie. More-massive stars live
for only a few million years and go out in
the blaze of huge supernova explosions.
In the lead-up to the supernova, these
stars run out of hydrogen to fuel fusion
in their core and start burning heavier
elements instead. Eventually the stars
burn iron in their cores. As these unstable
cores collapse, large quantities of free
neutrons are created, and several of these
neutrons can be taken up simultaneously
by lighter elements in the rapid process
(r-process) of neutron capture. The su-
pernova explosions that follow produce
and eject heavy elements like gold and
platinum into the interstellar gas.

Why are trans fats so unhealthy?

foods and packaged snacks are artificially
created by the partial hydrogenation of un

saturated fats—those that contain a double

bond between carbon atoms. This process
creates a single twist in the trans fats'chemi
cal structure and transforms liquid fatty
acids into an artery-clogging semisolid.
Artificial trans fats also turn the blood's

terol, or high-density lipopro

erol, or low-density

lipoprotein. Plus they can cause inflamma-

Most of the trans-fatty acids found in fast

tion and affect fatty-acid metabolism. It's

no surprise, then, that eating these fats is

associated with increased risk of coronary

ase, atherosclerosis, stroke, car-

diac death and possibly Type 2 diabetes.

Because of the harmful effects of trans
fats, the Food and Drug Administration
ruled in 2006 that nutrition labels should
indicate their content. New York City and

Denmark, among other places, have passed

egislation to eliminate trans fats from

restaurants and food supplies.
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Just before a star goes
supernova, it consists of
an iron core surrounded
by concentric shells of

lighter elements.

Hydrogen

., Carbon - Who invented the cannon?

From Fusion to Neutron Capture

' ASKUS
ANDWINA
SCIENCE
ILLUSTRATED
T-SHIRT!

Fusion fuels stars. In some massive stars, theffusion of
heavy elements is g precursor to a superhova explo-
sion that produces even heavier elements by neutron
capture. These stars use up the hydrogen intheir core
and then start to burn other heavier elements in fu-
sion reactions. Eventually they burn iron in their core,
and when this core collapses, a supernova explosion
occurs, along with neutron capture.

Are dogs the only animals

to wag their tails?

TTY IMAGES

Nope. Tail wagging is an important form of communication among all

canines, including dogs, wolves, foxes,

coyotes and jackals.

ment, baring of teeth and raising areas of fur. These signals can indicate

dominance, aggression or fear. A dominant wc

W

| stand erect and might

ips, bared teeth and rais

signal its aggressive intent through curlec

hackles. In contrast, submissive wolves hold their bodies |

w to the ground,

\ often greeting dominant members enthusiastically by jging their tails.
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is that the perilous
journey to their birthplace takes a fatal
toll on the fish. Yet salmon that breed
just once evolved from fish that breed
multiple times, so “you also have to ask
why salmon that die after one spawn
have been favored by evolution,” says
biologist Thomas Quinn of the Univer-
sity of Washington.

Salmon live part of their life in the
ocean or in lakes but return to the
stream where they hatched to spawn.
Many species die soon after spawning.
Salmon hardly eat during their return
upriver, and the fish use up energy
reserves during this dangerous quest
for reproduction. Their resistance to

Put a fluid in an airless environment, and
it will start to boil vigorously as it tries to
reach thermodynamic equilibrium. Why?
For a liquid 1o be at equilibrium, its vapor
pressure has to equal the pressure that

is exerted on it from its surroundings. In

a vacuum, the surrounding pressure is
extremely low, so liquids must evaporate
to reduce their vapor pressure in an effort

What happens to liquids in a vacuum?

disease breaks down, and they develop
high levels of the stress hormone corti-
sol, all of which, Quinn says, may have
some part in their death.

As for why salmon species that risk
all their reproductive effort on one roll
of the dice have evolved, part of the
explanation, says Quinn, is that“a fish
that tries to breed more than once must
devote less energy to the present round
of reproduction.” Less energy equates to
less success. For example, some repeat-
breeding species swim away as soon as
their eggs or sperm are released into the
water, so their offspring are less likely to
survive than those of one-off spawners
that guard their nests until they die.

Evaporation also causes liquids to

cool down, so after boiling they will often

freeze and turn into solids. For example,

once water in a vacuum cools to a certain

temperature—dependent on pressure,
surface area and heat flow—it will change
to ice. The frozen solid often turns directly
into vapor in a process called sublimation,
as the ice continues its attempt to reach
thermodynamic equilibrium.

Whatis hypothemla?

Nature’s search for equilibrium drives
the behavior of water in avacuum.
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\to reach equilibrium.
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Spark her passion with a spectacular 350 carats of genuine polished rubies.

eed more passion in your life? Looking

for some romantic heat to ignite that
old flame? You're not going to find it in the
drug store. The secret of history’s great lovers
had nothing to do with pharmaceuticals.
Casanova and Valentino wooed women the
old-fashioned way: with chivalry, poetry and
gigantic gemstones.

If you want to melt her heart, forget
subtlety. Go for fireworks. Our Polished
Ruby Necklace features a whopping
350 carats of smooth-tumbled, genuine
rubies. The Polished Ruby Necklace is
a grand gesture guaranteed to make
her swoon.

The world’s rarest and most precious
stone has been working its magic for
centuries. Ruby is the red variety of the
mineral corundum, one of Earth’s hardest
minerals. It has everything a precious
stone should have including intense color,
superb hardness (second only to a diamond)
and rarity. So it's no wonder that top
quality rubies achieve such high prices at
auctions, surpassing even the hammer price
for diamonds in equal classification.

In the time of chivalry, the regal ruby was
considered 8 times more valuable than
diamonds. Ancient people even believed
that rubies were lit from within by an

inextinguishable flame. Luckily, after
thousands of years reigning as the “King of
Gems,” the passionate fire inside of the
radiant red ruby has shown no signs of
cooling. Desire for this sultry, seductive
stone is hotter than ever. And at a price
this low, it's the perfect time to get things
smoldering again.

Genuine ruby for under $2.00 per
carat? Believe it. High-end jewelers can
sell some rubies for more than $5,000 a
carat! We think that’s ridiculous in today’s
economy so we dropped that price by
about 99.95%. How
do we get our prices
so low? Volume. Last
year, we believe Stauer
was the largest buyer
of carat-weight emer-
alds in the world and
this year we're on
track to be the largest
buyer of carat-weight
rubies. At 350 carats
for under $150, we've
really outdone our-
selves  this  time.
Designed to take her breath away, this
windfall of enormous rubies is strung
together into an elegant, hand-knotted

Discover the
passionate fire and
exquisite color inside
these radiant rubies

Smart Luxuries—Surprising Prices

18" necklace that secures with a gold
vermeil lobster clasp and includes a 2"
extender. The size and shape of each stone
is unique, with natural color variations
from burgundy to bordeaux.

Our passionate guarantee. The seduc-
tive fire of brilliant red ruby expresses
your love like no other gemstone. Try our
Polished Ruby Necklace for 30 days. If for
any reason you are not completely
satisfied with your purchase, simply
return it to us for a full refund of the
purchase price.

JEWELRY SPECS:

- 350 ctw of genuine smooth-tumbled rubies

- Gold vermeil clasp

- 18" necklace with 2" extender

Stauer Polished Ruby Necklace
350 ctw—Was_$395
Now, Your price $145 +s&p

Call now to take advantage of this limited offer.

1-888-324-1969

Promotional Code RKN155-01

Please mention this code when you call.

14101 Southcross Drive W,
Dept. RKN155-01
Burnsville, Minnesota 55337
www.stauer.com

Staue
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Why are tropical

flowers so colorful?

Bright hues attract
pollinators like

hummingbirds, which
prefer red flowers.

Flower color depends on the means of
pollination, and animal pollinators, which
are plentiful in the tropics, prefer colorful
blossoms. Most of the world's flowers are
pollinated by insects and birds (although
other creatures, such as bats and lizards,
may play a role). Different animal pol-
linators are attracted by certain colors in
flowers. Wasps like brown flowers, for ex-
ample, whereas nighttime pollinators like
moths and bats are attracted to strongly
scented pale or white flowers.

\ Most daytime pollinators, including

butterflies, bees and birds, seek brightly
colored flowers. Birds see a similar range
of colors as we do, but their eyes are
most sensitive to red hues, so bird-
pollinated flowers tend to be bright red
or orange. These flowers also attract
some butterflies, but most butterflies
and bees are blind to red light. Instead,
they are particularly sensitive to yellow,
blue and ultraviolet light. Bee-pollinated
flowers thus tend to be blue or yellow
and may have additional features that are

visible only under ultraviolet light. /

How does a smoke alarm work?

Smoke detectors are triggered by
changes to the electrical current that runs
through them. The devices come in two
basic varieties: photoelectric alarms and
ionization alarms. The first type uses a light-
sensitive photoelectric cell. A light source
causes the cell to constantly generate a
current. If the light is interrupted by smoke
particles, the circuit breaks and the alarm
sounds. Another type of photoelectric
Qatector will detect the rays from the light

source only when they are scattered by
smoke particles. This generates a current
and sets off the alarm.

lonization detectors use tiny amounts
of a radioactive material to ionize the air
molecules between a pair of electrodes,
allowing the air between the electrodes
to conduct electricity. Smoke particles
entering the space between the electrodes
attach themselves to ions and reduce the
flow of current, setting off the alarm.
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WHERE...?

Most of the world’s earth-
quakes occur in the circum-
Pacific belt, a circular zone in
the Pacific Ocean that coincides
with tectonic-plate boundar-
ies and follows several island
chains. The belt’s numerous
volcanoes are the origin of its
nickname, the Ring of Fire.

It depends. Stem cells are
unspecialized dividing cells.
Embryonic stem cells are de-
rived from cells in developing
embryos; adult stem cells are
found in tissues like the skin’s
epidermis, bone marrow and
the lining of the small intestine.

R -

Smoke alarms go off when their
electrical circuits are either disrupted
orinduced by the presence of smoke.
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FREE Hearing Aid Catalog

Shop by mail and Save 80%

W Products praised by
The Wall Street Journal Shop-from-home Hearing Aid Catalog

% Risk-
W 100% Risk-FREE offer High-quality hearing aids priced at far less than the national
®m 45-day home trial average. Call today for free information: 1-800-782-6316

B Arrives ready to use

B (Compare to hearing aids
costing $1,000 or more

Ready to use Custom Fit _
Our Customers In-the-Ear Hearing Aids In-the-Ear Behind-the-Ear

! Hearing Aids Hearing Aids
Say it Best!

Customer comments on file — printed with their
permission. Of course, individual results may vary.

How do you save so much?

“Price is right! Works better Hearing aids have never been more expensive. According to The
than aids I bought locally” Hearing Review, the average hearing aid costs more than $1,800!
FE. - Texas Yet, luckily for you, high-quality hearing aids are available
for far less from Hearing Help Express®!

“I like the way it fits. I can
hear really well with it. For You can SAVE 80%! How do you save so much? You order from
the first time I can hear my home and your hearing aids are delivered to your door. You avoid
granddaughter talk.” big mark-ups, long waits, and salesmen. Your low price is based
L.d. - North Dakota on high volume and low overhead.

“I wore it to Bingo the other

night and could hear what

friends were saying for a
change” R. Kissling - Florida

Improve your hearing Risk-FREE!

Improve your hearing risk-free for 45 days in your own home!
Compare our hearing aids to those costing $1,000 and more.
Decide which works best for you. You won't be sorry. We only sell
genuine hearing aids. 100% money-back guarantee! You order
easily by mail from a family business with over 600,000 satisfied
customers and 30 years experience selling hearing aids by mail.

“I can hear the TV
and understand
the words which I
could not do with
my $5,000 aid.”
M. L. - California,

SEND NO MONEY! Clip & mail this coupon today for your free catalog!

© Hearing Help Express®, Inc.
I [4 YES! | would like a free shop-from-home hearing aid catalog. | understand I
ca" tOdaY for YOIII' there is no obligation and | get FREE shipping. www.HearingHelpExpress.com/42803
| B oc/memrs s
FREE catalog! s
City/State/Zip.

1-800-782-6316

Mail to: Oﬁ
ext. 42-803 Hearing Help Express - 105 North First St., Dept 42-803 « DeKalb, IL 60115-0586

Jjournal-plaza.net & www.freedowns.net


http://www.journal-plaza.net
http://freedowns.net/

How Are We

Cutting-edge imaging techniques are creating the first

circuit diagram of the brain. With billions of neurons, and
trillions of connections between them, it’s going to take some
of the most innovative minds in neuroscience to seeit all

How do the brain’s connections form? What do the brain’s circuits look like?
Developmental neurobiologist Jeff Neurobiologist Winfried Denk maps
Lichtman tracks how the brain’s wiring the activity and structure of the brain’s
changes during development. neuronal circuits.
J
\ g =

How are the different regions of the brain networked?

Imaging scientist Van Wedeen tracks the connections between different areas of the brain.
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I Neuroiogy

_ A composite of neural
A\ pathways in the
brain of an owl monkey

ver since individual nerve
cells were first imaged in the
late 1800s, biologists have
tried to understand how these
cells give the brain its incredible
abilities. We now know quite a bit
about nerve cells, or neurons, and
how they generate and transmit sig-

=
RN nals. We can also pinpoint the roles

S played by many regions of the brain.

& But the more we learn, the clearer it

becomes that the brain is more than
just the sum of its parts.
Researchers are now investigat-

\ ing the bigger picture —how the
connections between individual
neurons and between different brain
centers allow our brain to func-
tion the way it does. For example,
although we know where visual
stimuli are processed, we have less
understanding of the physical path
visual information takes from the
eyes to the visual centers, or the
connections between these centers
and other regions of the brain that
allow us to interpret what we see
and react to it. As a key step toward
grasping how the brain functions,
scientists are using a variety of new
techniques to map how it is wired.

;4 7 The Connectome Takes Shape
. Several of the world’s leading

77, biologists are interested in mapping

the brain’s connections. But the

challenge is colossal. The human

brain is a tremendously complicated
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The connectome of a tiny
muscle in a mouse’s neck

How do the brain’s connections form?

Jeff Lichtman, a developmental the brain will eventually show him

neurobiologist at Harvard Univer- how information is encoded in our

sity, studies how the brain’s wiring wiring. “Where is your memory of

changes as we learn. He hopes that your grandmother—how is that

studying the structural changes in arranged, what does it look like?”
Lichtman asks.

One imaging technique he
uses, called thin-section-scanning

- JeffLichtman
studies the electron microscopy, uses a diamond
‘. connections knife to shave slices of tissue from
'\’ -y Qg.tween . a rotating mouse brain. The slices
" -ﬂw;? » are fixed onto a plastic strip prior to
CHTE S o microscopy. Afterward, the path of
5 - s ,,:' - each individual nerve cell must be
. . omi ™

traced. Initially researchers did this by
manually identifying the same cells in
different slices, but Lichtman and his
colleagues at Harvard and the Mas-
sachusetts Institute of Technology are
working on computer algorithms to
speed up the process.
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Lichtman also relies on optical
microscopy, which he has used to
map the nerve fibers controlling
a muscle in an adult mouse ear.
Axons—fibers that carry signals away
from nerve cells—had to be manu-
ally traced between different three-
dimensional stacks of images, a task
Lichtman calls “sobering."The first
tracing of ear axons took six months.

Advancements to an imaging
technique first developed by Licht-
man’s team in 2007 have recently
helped simplify the task of track-
ing individual nerve fibers. In this
method, dubbed Brainbow, a snippet
of DNA with genes that code for ran-
dom amounts of yellow, blue and red
fluorescent proteins in nerve cells are
inserted into mice. By manipulating
DNA, researchers can give individual
neurons different colors. The colors

allow them to determine which
synapses—the junctions where
axons transmit their signals to other
cells—correspond to which axons.
The real advantage to under-
standing the brain’s connections,
Lichtman believes, may come from
connectomics, or the ability to find
patterns in the wiring. Connectomics
offers a way to investigate thought
disorders, such as mental ilinesses
and learning disabilities, that may
be caused by wiring errors. In his
latest research, Lichtman tracked the
nerve connections in an ear muscle
of a juvenile mouse using Brainbow.
When he looked at only a few axons,
“it was just a massive tangle of wires,”
he says. But after imaging all the
axons, connectomics revealed a strict
arrangement, with each axon usually
connecting to only one other axon.

organ, containing billions of neurons
that form trillions of connections
with one another. Many scientists are
starting their work on smaller brains,
like those of mice and rabbits, before
they tackle human ones. Still, the task
demands that researchers automate
existing analytic techniques to run like
an assembly line. They will also need to
create technologies to attack the prob-
lem in new and more effective ways.
Currently scientists have two basic
approaches to choose from—one uses
microscopy and the other magnetic
resonance imaging. Microscopy pro-
vides detailed insights into individual
neurons’ connections to one another.
The downside is that it can be used to
study only a tiny part of the brain at a
time, so it provides little insight into
connections between various parts of
the brain. Using a variant of the classic
MRI scanner, however, researchers can
study large parts of the brain, or even
the entire brain at once, but without
much detail. Although individual neu-
rons cannot be distinguished from one
another with this method, scientists
can study them as bundles of nerve
cells. Each method has its own advan-
tages and limitations, and it is only by
using both and combining results that
researchers will be able to get a com-
plete picture of the brain’s structure.
Researchers have already begun to
draw a map of the brain’s neural path-
ways, dubbed the connectome. Interest
in this field is increasing rapidly thanks
to the promise it holds for understand-
ing many conditions that may have
their origins in abnormal brain connec-
tions, such as schizophrenia, autism
and learning disorders. If scientists can
find the underlying causes of these dis-
orders, they may be able to develop new
and more effective ways of diagnosing,
treating, or even preventing them.
Researchers also hope the connec-
tome can reveal how the brain’s net-
work changes as we develop from birth.
The plasticity of the human brain’s
wiring is one of its greatest strengths,
and scientists hope to learn more about
how we learn and adapt as we grow.
Ultimately, brain researchers want to
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What do the
brain’s circuits
look like?

Winfried Denk, a physicist and
neurobiologist at the Max Planck
Institute for Medical Research in
Heidelberg, Germany, used to
study the movement and activity
of nerve cells. But he became
frustrated by the lack of a more
fundamental understanding of the
brain’s connections.

Working toward this un-
derstanding, Denk now uses a
technique called serial block-face
scanning electron microscopy, in
which a diamond knife cuts thin
slices off the top of a block of tis-
sue. By imaging the block with an
electron microscope while going
through the tissue section by sec-
tion, Denk is able to reconstruct the
entire block in 3-D. He stains the
tissues with heavy-metal atoms to
identify nerve fibers within each
block, but the difficulty comes
in tracking them across blocks.
Denk'’s latest efforts have focused
on using computers to take over
this arduous task. A major strength
of the technique is that Denk can
first image nerve-cell activity with
one type of microscopy and then
figure out the circuitry responsible
for it by imaging the same sample
with serial block-face scanning.

Winfried Denk uses his
scanning electron microscope
to examine brain slices.

understand how the organ stores infor-
mation and how its wiring influences
our personality and behavior.

Mission Impossible?

At first glance, it might seem impossi-
ble to map the brain’s incredibly com-
plex network. But by joining forces,
research teams could achieve results
far more quickly than expected. To this
end, the National Institutes of Health
launched the Human Connectome
Project last July. This $30-million effort
aims to combine a variety of imaging
technologies to systematically map the
brain’s wiring. Researchers will collect
information on the connections of a
healthy adult human brain, and the
data will be freely available to the re-
search community, forming a basis for
future studies. The project also aims to
develop a combination of noninvasive
tools that might allow healthy brains
to one day be compared with those of
people with neurological disorders, to
look for clues about the source of these
abnormalities.

The mapping, which is one of
three NIH neuroscience challenges,
will also provide information about
higher-level organization and patterns
in the brain. That could help us under-
stand how the connections between
billions of neurons give rise to a single
conscious mind. =
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To study the brains of live subjects,
scientists use diffusion-sensitive MRI,
a scanning technique that allows
them to analyze the movement of
water molecules within brain tissues.
Water moves along nerve fibers, so a
computer can use this information to
reconstruct their path. Van Wedeen,
an imaging scientist at Massachu-
setts General Hospital in Boston,

has used a version of this technique,
called high-angular-resolution dif-
fusion MRI, to get a 3-D map of the
networks between regions in human
and monkey brains. These images,
taken from live subjects during 20-
to 30-minute scanning sessions, have
a spatial resolution of a tenth of an
inch. This resolution is good enough

to find differences between brains,
but to identify previously unknown
anatomy, Wedeen uses brains from
human or animal cadavers, which

he leaves in the scanner for days at a
time. These images have a resolution
of a hundredth of an inch. Accord-
ing to Wedeen, diffusion-sensitive
MRI will have a central role in the
NIH’s Human Connectome Project.
He would like to image hundreds of
healthy human subjects to fulfill the
project’s goal of developing a circuit
diagram of the brain’s wiring. This, he
hopes, would eventually allow him
to scan for neurological problems,
including psychiatric disorders

and autism, that currently can’t be
detected by MRI.

Experimental MRI equipment allows
Van Wedeen to scan the brain faster.

v v
he Vision’s Long Path through the Brain b Highways and Byways

Using high-angular-resolution diffusion MRI scans like this one, Van Wedeen can MRI scans show that the

use the movement of water molecules in nerve fibers to track the path of the fi- brain's network connections
bers. This image shows nerve fibers crossing a virtual slice of an owl monkey brain. are organized around three or
The colors represent the direction of each fiber, with the x, y and z axes in red, four hubs consisting of many
green and blue, respectively, and all other colors representing diagonals. The blue interconnected subregions. A
arc toward the top left relays visual information from the optic nerves [hidden map of the network of nerve
behind the green-orange bundle, bottom right] to the visual cortex toward the connections among different
back of the brain. The green treelike structures are the pathways of the cerebel- anatomical subsections is
lum, which coordinates rapid muscle responses to sensory input. shown here in a human brain.
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making it one of the best places to observe....

The Journey of the

SEA GIAN

PHOTOGRAPHS BY OLIVIER GRUNEWALD
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MAKING LANDFALL

The turtles nest on soft-sand beaches
because rocks can damage their thin skin
and namesake leathery shells. They aim
for steeply sloping coasts near deep water,
which make beach landings easier.

or millennia, leatherback turtles

have been coming ashore to nest on

the secluded beaches of French Gui-

ana on the northern coast of South
America. These sands, which the reptiles
visit nightly from March to August, make
up one of the most important nesting sites
for Dermochelys coriacea, the largest turtles
in the world. The beaches at Awala-
Yalimapo hosted 6,421 nests in 2007, ac-
cording to Jacques Fretey, a herpetologist
at the National Museum of Natural History
in Paris who has studied Atlantic leather-
backs for more than three decades.

These reptiles are powerful swimmers,
ranging as far north as Alaska and as far
south as Argentina. They crisscross both
the Atlantic and the Pacific oceans—Ileath-
erbacks tagged by researchers in French
Guiana have been recaptured in Morocco
and Spain. The turtles spend almost their
entire lives at sea, venturing onto land only
during the nesting season.

Leatherbacks mate at sea, near the
beach where the females will later come
ashore. Adult females nest only once every
two or three years, laying dozens of round,
fat eggs in pits dug with their flippers. They
then carefully fill up the holes, hiding the
entrance from predators such as stray dogs
with a scattering of sand. b
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OUT OF HARM'S WAY
Female leatherbacks lay clutches of roughly 80
eggs in nests some 30 inches deep. They may
do this as many as 11 times during a season,
typically at 9- to 10-day intervals.

NESTING INSTINCT

Once the females choose a site above the
high-tide line, they use their wide front flippers
to sweep the sand clean. They then dig down
with their curved back flippers.

The turtles are ancient mariners, having survived
for more than 100 million years, but today they are
critically endangered. In 2004, researchers warned that
their numbers may have declined by as much as 97
percent in the Pacific since 1982. Industrial fishing and
ocean pollution remain big threats to leatherback pop-
ulations around the world. The U.S. Fish and Wildlife
Service estimates that only 26,000 to 43,000 females
now nest annually worldwide, a dramatic decline from
115,000 in 1980.

Here on the beaches at Awala-Yalimapo, local and
foreign volunteers are doing what they can to help.
Patrols monitor the leatherbacks the moment they
land on the beach, significantly reducing the dangers
the gentle giants face from hungry predators. ®

PORTFOLIO CONTINUES M»
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BREAKING FREE

Following two months of incubation, a hatchling
emerges, tearing its egg’s membrane with the
beak on the end of its snout. Adults can reach
eight feet long and 2,000 pounds, but newb;
leatherbacks weigh less than two ounce:
measure just two to three inches from nost

with front flippers as long as their bodies.

KEEPING COOL
Just below the surface
of the sand, the baby
turtles wait for dusk,
when the tempera-
ture is lower, before
hitting the beach. The
sun can be fatal, kill-
ing them by dehydra-
tion or sunstroke.
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DIGGING OUT

After they hatch, newborns
abandon their nest and
begin tunneling upward
simultaneously using

their tiny flippers. This
process goes on for four

or five days.
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PATHTOTHE SEA
Emerging from their hole
in the sand, the hatchlings
spread out and struggle
toward the sea, drawn by
the reflection of the moon
and stars on the water.

DANGERS ABOUND
Stray dogs from nearby
villages often eat eggs
and hatchlings. Volunteer
patrols have reduced such
threats in recent years.

Adult leatherbacks feed
largely on jellyfish, yet
jellies that have washed
ashore may be obstacles
for young leatherbacks as
they cross the beach.
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PERILOUS JOURNEY

A newborn leatherback escaping to the waves

may face an attack from predators, including black
vultures, great horned owls, yellow-crowned night
herons, ghost crabs and requiem sharks. Only one
of every 500 to 1,000 hatchlings reaches adulthood,
making each one a precious commodity.
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/ - 3 In the darkness
. ’ beneath the sea, the
. ' tiny glimmer froma
i : subatomic particle
called a muon will
. activate a photo-
- | 1 detector as it zips by.
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Searching

“Depths

Photo detector

E

Cosmology |

A telescope on the seafloor of the
Mediterranean will help scientists study
neutrinos, hard-to-spot subatomic
particles that can shed light on some of
the greatest mysteries of the cosmos

& .

\xluon
How Telescopes Catch N, Jomimudes
the Elusive Neutrino N %0
Neutrinos rarely interact with ordinary mat- .

ter and can pass right through large celestial
objects like the sun and the Earth. But oc-
casionally a neutrino collides with an atomic
nucleus and is transformed into a particle
that can be detected, such as a muon. The

faint light in the wake of a muon’s passing Neutrino
can be picked up by photodetectors.
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t the bottom of the Mediter-

ranean Sea off the coast of the

French port of Toulon, at a

depth of just over 1.5 miles, sits
a most unusual telescope. It is impos-
sible to see daylight there, let alone
anything in the night sky. Yet this is
the home of a powerful optical device.
Called ANTARES (Astronomy with a
Neutrino Telescope and Abyss environ-
mental RESearch), it studies the cosmos
by staring down, not up. Its detectors
face the center of the planet and scan
for traces of some incredibly small and
mysterious particles called neutrinos.
Studying the data from these elusive
cosmic visitors could give astronomers
a new perspective on some of the most
violent events in the universe.

FRANCE

,-

of the S

The ANTARES detector array rests on
the Mediterranean seafloor off the
coast of France at a depth of about
1.5 miles. Researchers installed 12
upright cables, each of which is 1,476
feet long and approximately 230 feet
apart.The cables have 25 levels, 48
feet apart. At each level, there are
three optical modules containing
photomultipliers—highly sensitive
cameras that will pick up and amplify
the slightest glimmer of light created
as a neutrino interacts with another
particle—making a total of 900 in
the array. A 25-mile-long cable links
the detectors to the coast.

A Ghostly Mystery

Neutrinos are tiny juggernauts, barrel-
ing through walls, mountains, planets

and stars as if these giant impediments
were not there. This is one of the char-
acteristics that make them so interest-

ing to astronomers.

How do neutrinos manage to travel
where other particles can’t? Unlike
most other subatomic particles, neutri-
nos possess no charge and almost no
mass, so electromagnetic forces cannot
divert the neutrinos’ flight paths, and
the particles are only slightly affected
by gravity. This means neutrinos rarely
interact with the other particles zoom-
ing around the universe—on their way
through Earth, only about 1 in 10 bil-
lion neutrinos smashes into and reacts
with a particle such as a proton or
neutron, while the others just fly on by.

But those rare reactions can tell us
alot. When a neutrino interacts with
another particle, for instance in the

P
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nucleus of an atom, it reveals character-
istics about itself, such as the direction it
came from and which of three possible
forms it was in when it got here. Sci-
entists can use such clues to determine
where and how it was produced and
what it encountered on its trip.

Neutrinos are released by some of
the most powerful events and objects
in the cosmos, such as supernovae and
black holes. But our observations of
even these spectacular moments are of-
ten limited, as strong gravity, interven-
ing planets, and clouds of gas and dust
can make it difficult or even impossible
for light and other particles from these
events to reach us here on Earth, and
what does make its way to our planet
can tell us only so much. The neutri-
nos themselves, however, are able to
avoid these obstacles on their way to
our planet. When they arrive, they can
provide information about the cosmic
event that birthed them.

Height from seafloor

48ft.

Photomultiplier
e i

N; PRECEDING PAGES: ALLAN H@JEN

ALLAN H@J


http://www.journal-plaza.net
http://freedowns.net/

S
s 7547

3

v
b7

Scientists had long been baffled by
what was known as the “solar neutrino

problem"—the number of neutrinos
from the sun detected here on Earth

were far fewer than what was expected
based on our knowledge of the sun’s
interior. The problem was first identified
in the 1960s, when American physicists
Raymond Davis, Jr,, and John Bahcall
installed a tank holding 100,000 gallons
of a dry-cleaning solvent containing
chlorine in an abandoned gold mine in
South Dakota. When a neutrino strikes

a chlorine atom, the chlorine is trans-
formed into radioactive argon, so the
device worked by simply counting the
argon atoms.

Davis and Bahcall observed just two
or three neutrinos a week, a fraction of

OKATSCIENCE; C. MOIRENC/CNRS

what was expected. To explain this lack
of neutrinos, scientists first proposed

But they also present a challenge: A
particle that can pass through a planet
unimpeded can be extremely difficult
to capture and observe with conven-
tional astronomy tools.

The Neutrino Theory
For decades, neutrinos were purely
theoretical. The Austrian physicist
Wolfgang Pauli first posited their
existence in 1930 to explain a puzzling

spect of beta decay, a process in which
an atom’s nucleus emits or captures an
electron or emits a positron. Research-
ers studying beta decay knew that the
end result of the process must pos-
sess the same amount of matter and

7 as the atom it started with.

Butin e ment after experiment,

www.journal-plaza.net & www.freedown

The Solar Neutrino Prob

that they had been wrong about the
conditions in the interior of the sun—
that the temperature or pressure was
lower than they had believed—but
research over the next decade showed
that their solar models had been correct
all along. This meant they must have
been wrong about neutrinos.

Some physicists hypothesized that
neutrinos could oscillate between three
“flavors,’ called electron, muon and tau
neutrinos. Small particles, such as neutri-
nos, can also behave like waves. Neutrinos
might come prepackaged as multiple
waves, scientists suggested, which al-
lows a neutrino to spontaneously switch
flavors as it travels through space.

The South Dakota detector, like
those that followed it, was focused on
finding electron neutrinos. But in 1998,
researchers from Canada’s Sudbury

betad
of energ

seemed to result in a loss
Pauli hypothesized that
there was an additional, undetectable
particle involved in beta decay and that
it carried the missing energ

Italian physicist Enrico Fermi expanded
on Pauli’s explanation and named the
mystery particles neutrinos.

But it wasn’t until 1956 that
scientists finally managed to detect a
neutrino. American physicists
Frederick Reines and Clyde
Cowan installed a 105-gallon
tank containing a mixture of
water and cadmium chloride
at the Savannah River Plant
in South Carolina. When a
neutron from the plant’s reac-
tor entered the tank and collided with

“Cosmol

.\.“

’

ogy |
T3 P b
Super-K helpedto _
prove that neutrinos '
have mass. . °

Neutrino Observatory, which could
detect electron neutrinos, and Japan's
Super-Kamiokande detector, which
could detect but not distinguish among
all three flavors, teamed up to determine
whether neutrinos were oscillating on
their way from the sun to Earth. If solar
neutrinos didn’t change from electron
neutrinos to other flavors, then Sudbury
and Super-K would detect the same
numbers of neutrinos; if they did change,
Super-K would detect more neutrinos.
Super-K overwhelmingly detected more
neutrinos than Sudbury, proving that
electron neutrinos produced by the sun
indeed oscillated among flavors on their
journey to Earth. Not only that, but the
result also proved the hotly debated hy-
pothesis that neutrinos do, in fact, have
mass. Particles with no mass would not
be able to change flavors.

Three optical
modules containing
photodetector arrays
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the proton at the center of a hydrogen
atom, it created a positron and a neu-
tron. That neutron then reacted with
other subatomic particles in the tank
and they emitted photons—flashes

of light that were recorded by Reines
and Cowan’s detectors. This specific
series of events, in the energy ranges
expected to produce the proper sub-
atomic particles, proved that neutrinos
did exist.

Over the next five decades, physi-
cists used similar detectors to study
neutrinos from nuclear reactors and
particle accelerators here on Earth, as
well as those bombarding the planet
from extraterrestrial sources such as
the sun. Experiments at CERN, the
European center for particle physics
in Switzerland, and the Brookhaven
National Laboratory and Fermi Na-
tional Accelerator Laboratory in the
U.S. showed that the neutrino came in
three forms, or “flavors”: the electron

ANTARES may collect infor-
mation about black holes in
distant galaxies, as well as
about supernovae like SN
1987A, the remnants of
which are shown here.

neutrino, the muon neutrino, and the
tau neutrino. (Each neutrino is named
after the particle that produces it.) Un-
til recently, scientists debated whether
neutrinos had mass or not, but further
research has since proven that, because
of the particles’ ability to oscillate
among flavors after their creation, they
do have slight mass [see “The Solar
Neutrino Problem,” preceding page].

Where Do Neutrinos Come From
(and Why Do We Care)?

Two confirmed astronomical sources
of neutrinos are supernovae and our
own sun, and neutrino observation has
deepened our understanding of both.
One of the best-known events in the
history of neutrino astronomy was the
observation in 1987 of a supernova,
known as 1987A, in the Large Magel-
lanic Cloud. Supernova 1987A was so
bright that even from 160,000 light-
years away it could be seen on Earth
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with the naked eye. Astronomers de-
tected its neutrinos three hours before
they were able to see its light, allowing
researchers to learn more about the
earliest stages of the star’s explosion.

Of the estimated 10° neutrinos emitted
by the supernova, just 24 were detected
on Earth.

Solar neutrinos from the sun’s
core arrive at our planet more quickly
and more directly than solar photons
originating in the same spot. That
gorgeous sunlight you see outside?
Those photons are more than a mil-
lion years old. The particles we see as
visible light and detect as radio waves
and x-rays require that amount of
time to travel from the sun’s core to
its edge, bouncing off gas molecules as
they go. Neutrinos, however, can pass
straight through the various elements
within the sun’s core, taking just eight
minutes from the moment of their
creation to travel from the core to
Earth’s atmosphere and carrying with
them important information about the
reactions inside the sun.

Now scientists hope telescopes
will help them locate more neutrino
sources—and learn more about the
inner workings of the universe in
the process. Candidates for neutrino
observation include black holes, which
cannot be observed visually, and
gamma-ray bursts, bright explosions
which may prove to be the origin of the
mysterious charged particles known as
high-energy cosmic rays.

Neutrino astronomy could even
help unlock the mysteries of dark
matter—the “missing” matter in the
universe whose gravitational pull
affects the movements of stars and
perhaps entire galaxies, but that
scientists cannot thus far directly
observe. Scientists believe there is at
least 50 times as much dark matter
as ordinary matter in the universe.
One hypothesis proposes that dark
matter consists of heavy, slow-moving
particles known as weakly interacting
massive particles, or WIMPs. WIMPs,
which would have little interaction
with other matter beyond gravity, are
thought to collect in the cores of stars,
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where they would cause particles to
decay and emit neutrinos.

A Ray of Light

Like Reines and Cowan’s original neu-
trino detector, the ANTARES telescope
finds neutrinos by detecting the traces
they leave behind. The particles

it searches for are muons created by
muon neutrino interactions. But muons
can also be created by cosmic rays
entering the atmosphere, so ANTARES
uses Earth itself as a gigantic filter to
eliminate cosmic rays from the equa-
tion. Each of its 900 photomultipliers is
pointed down toward the seafloor and,
beyond that, to the other side of Earth.
As a result, the scope will see only the
results of particles that can pass through
Earth’s core unscathed. Located in total
darkness, ANTARES consists of 12 float-
ing cables tethered to the bottom to
which the researchers have attached the
photomultipliers—these capture even
the slightest glimmer of light generated
by a passing neutrino.

Those weak glimmers of light arise
when particles created by neutrino
collisions pass through the water. Be-
cause the speed of light in water is 75
percent slower than the speed of light

"The 12 cables, each studded with 75 detectors, were shipped out'to.sea and
installed on the bottom. A submarine connected them to a relay station.

in a vacuum, these undersea particles
created by the collisions are able to
move faster than light. As they zip past,
the particles excite the electrons of

the surrounding water molecules; the
excited electrons emit photons as they
return to their unexcited states, leaving
a trail of light along the particles’ path,
known as Cherenkov radiation.

ANTARES, which was completed in
May 2008 after two years of construc-
tion, is situated in the Northern Hemi-
sphere, and the neutrinos it observes
are primarily coming from the South-
ern Hemisphere’s sky. The IceCube
Neutrino Observatory, currently under
construction at the South Pole, will cor-
respondingly view neutrinos from the
Northern Hemisphere. IceCube is simi-
lar to ANTARES but with one important
difference: Its photomultipliers will be
frozen in the Antarctic ice about a mile
beneath the surface. Still other detec-
tors are being built underwater, all in a
bid to capture neutrinos.

With a December 2009 announce-
ment from scientists working in Min-
nesota that they might have detected
WIMPs, the data from telescopes like
ANTARES, IceCube and their brethren
is keenly anticipated.

Cosmology

ANTARES Investigates
a Deep-Sea Mystery

There are many deep-sea animals
that emit light, so researchers were
aware in advance that the detectors
on ANTARES would pick up short
flashes from fish and other crea-
tures swimming by. But it came as a
surprise when in 2006 they detected
a diffuse but lasting light at the bot-
tom. Christian Tamburini, a marine
biologist at the University of the
Mediterranean in France, was called
in to consult and found that the light
most likely came from a strain of
luminescent bacteria in the water.
During the following year, the
quantity of light detected by
ANTARES from deep-sea bacteria
had declined to just one tenth of the
initial level. Biologists are now work-
ing to determine why the bacterial
luminescence decreased during that
time period. Instruments to measure
the water’s temperature, oxygen
level and current velocities cling to
ANTARES's cables, and Tamburini
and his team are working on meth-
ods to measure microbial vital signs,
such as respiration, in the deep sea.

Luminescent
marine animals
give biologists a
glimpse at
deep-seaslife.
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Tools +Techniques

DNA

Daredevils

From building better crops to fighting disease,
genetic engineers are changing our world

Genes are the instructions to make pro-
teins, which are responsible for almost
all of the processes that keep organisms
alive. In 1973, biochemists Stanley
Cohen of Stanford University and
Herbert Boyer of the University of Cali-
fornia at San Francisco first transferred
genes for antibiotic resistance into

E. coli bacteria. These early pioneers

of genetic engineering may not have
imagined how influential their work
would become. These days, genetic
engineering techniques are used, for
example, to insert genes from other
organisms into bacteria, which then
churn out proteins that produce hepa-
titis-B vaccine and insulin for diabetics.
Botanists genetically modify crops to
boost hardiness and nutritional value.

Yet geneticists do more than
bestow organisms with new charac-
teristics. They also manipulate DNA
to study the role of individual genes.
Scientists add, delete, or modify genes,
thus altering the corresponding pro-
teins’ structure or levels in the cell and
revealing the genes’ role.

Researchers have tinkered with the
DNA of organisms as varied as mam-
mals, birds, fish, insects, worms, plants,
fungi and bacteria. These studies have
given scientists invaluable insights into
how the human body functions and
why disease arises. Which genes pre-
dispose us to breast cancer and which
protect against heart disease? Which
genes allow a bacteria or virus to cause
illness? Identifying these genes can pro-

Genetic Engineering

Bacterial DNA is injected into eggs of the
Indian meal moth, an agricultural pest.

vide targets for new antibiotic and anti-
viral drugs. Further, gene therapy could
someday allow us to cure diseases like
cystic fibrosis and some cancers by
replacing defective genes. Genetically
engineered microbes could produce
new biodegradable polymers or clean
up radioactive wastes. Although we’ve
sequenced the complete genomes of
many organisms—humans included—
we still don’t understand what all those
genes do. As our quest for knowledge
continues, the role of genetic engineer-
ing will only expand. »

Four Ways to Manipulate Genes

Amplify

Delete

Modify

ET

a characteristic

PURPOSE: To learn more about
a gene’s role in an organism

SOLUTION: Manipulate or add an
extra copy of the gene to increase
its activity.

CASE STUDIES: Overexpression
of a gene responsible for a cell’s
ability to respond to a protein
called epidermal growth
factor is associated with most
cancers. This finding has led

to the development of anti-
cancer drugs that target the
expression of this gene.

a characteristic

PURPOSE: To learn more about a
gene’s role in an organism, this
time by seeing what happens
when the gene is removed

SOLUTION: Scientists remove or
replace the normal functioning
version of the gene.

CASE STUDIES: Deleting certain
genes in mice has shown how their
absence affects disease. Knocking
out genes like PINK1 or DJ-1, for
example, can lead to Parkinson's
symptoms in mice, providing an
animal model to study the disease.
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a characteristic

PURPOSE: To identify the
specific sequence of DNA that is
responsible for a gene's function

SOLUTION: A mutated gene is in-
serted into an organism. The gene
produces a modified protein.

CASE STUDIES: Modified genes
may explain how enzymes bind to
other molecules. Angiotensin-
converting enzyme, for example,
plays a role in heart function and
diabetes. Protein sequences allow
the enzyme to bind to ions, which
helps to regulate its activity.

a characteristic

PURPOSE: To understand the acti-
vity of a gene and its protein

SOLUTION: A "marked” gene is
transferred into an organism’s cells.

CASE STUDIES: Proteins of
marked BRCA1 genes, whose mu-
tation can increase the risk of
breast and ovarian cancer, were
found in the cells’ mitochondria.
BRCA1's presence there may be
important for its function in sup-
pressing tumors, because cancer
is often associated with mutated
mitochondrial DNA.
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Using Bacteria to Engineer Plants

Plant geneticists often use a bacterium called Agrobacterium tumefaciens to
transfer a desirable characteristic from one species to another. Here's how:

teristic, such as resi-
stance to drought,

scientists must iso- ) € A

‘ late that gene from - GAT g
Plant with desired \ the plant. m.LLLL
characteristic \

Qi
> | (\Q&/\b
— v
Desired gene (\\,« Cut plasmid

9

. Place the
genein a bac-
terial plasmid
To transfer genes into
plant cells, DNA mo-
lecules called plas-
mids are extracted
from the A. tumefa-
ciens bacteria.

Genetically
modified bacteria

= . Reintroduce
the plasmid

The plasmid contain-
ing the new gene is
reintroduced into bac-
teria. The plant is then
exposed to the engi-
neered bacteria.

Plant cells in selective medium

.. Transfer E Agrobacterium

the gene into candirectly Plant cel

a different transfer the part of the / 2o
plant species plasmid containing «¥ characteristic
The bacteria the desired gene into Ay

transfer DNA from plant cells, where the | Cell nudeus

their plasmids into DNAcaninsert ieH

the plant cells itself into the plant’s

around them. chromosomes.

a Gelle

Genetically modified plant
with the desired gene and

' ACloser Look

A detailed look at one method
used in genetic engineering

7. Remove a Proteins called restriction enzymes recognize
desirable gene

from a plant

To transfer a charac-

and cut certain DNA sequences in the plant’s
genome. The enzymes are picked so that they cut
specific sites on either side of the desired gene.

~ *— Restriction enzyme

C
gL

Tc

Researchers
E cut the
plasmid at a specific
place using
restriction enzymes
and use another
enzyme to join the
gene and the
plasmid.

Gene

Plasmid

5. Observe the
new characteristic
Once the gene

inserts itselfinto the
new plant’s chromo-
somes, the desired
characteristic has
been successfully
transferred.
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millions of dollars in damage to livestock annuallyin; o oo
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ment of Agriculture eradication program.

In the wild, female screwworm flies lay as

many as 400 eggs near open wounds on animals.

The maggots that develop use two needle-sharp,

hook-shaped mouthparts to burrow deep into the
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1. Flies lay their eggsin cages in
the reproduction room. The lighting
is adjusted to simulate night and day.

B 2. The maggots that hatch from the
eggs are fed a mixture that includes
dehydrated beef blood, eggs and milk. S«

14 * 4 e )

: 3. The maggots are placed in
sawdust, where they mature into
pupae within five days.

.
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animal’s flesh. The swarm of screw-
worms can consume so much tissue
that the victim is virtually eaten alive
from within.

Screwworm flies, which are found
in most tropical regions around the
world, were first documented on
Devil’s Island off the coast of French
Guiana in 1858. From there they
spread throughout the warmer regions

of the Americas, and by the first half of

the 1900s, the parasites were wreaking
havoc on livestock in the southern U.S.
Texas alone suffered $10 million in
losses in 1935.

By the late 1940s, scientists were
aggressively seeking a method to con-
trol the flies. In the early '50s, USDA
entomologists Raymond C. Bushland
and Edward F. Knipling developed a
technique to irradiate the flies, render-
ing them sterile. Sterile males released
into the larger population would
mate—but not breed—with fertile fe-
males. Female screwworms mate only
once, so with no offspring, the species
would gradually die out. At first,
Bushland and Knipling's theory faced
widespread skepticism. But experi-
ments like a 1953 trial on the Carib-
bean island of Curacao, in which the
screwworm was successfully eradicated
after the introduction of sterilized
males, vindicated them.

Sterile males were introduced in
Florida in 1957, and by 1966, the pests
were eradicated in the U.S. To keep the
flies from reentering the South from
Mexico, the Agricultural Research Ser-
vice branch of the USDA opened the
Tuxtla Gutierrez factory, which at its
peak produced billions of sterile flies
every year. By 1991, screwworms were
wiped out in Mexico and, since then,
in all of Central America. (In South
America and the Caribbean islands,
the financial toll of screwworms is
still more than a billion dollars an-
nually.) Last May, the ARS opened a
new factory in Pacora, Panama. The
plant produces 40 million flies a week
to maintain the Central American
eradication, while the Mexican factory
serves as a backup source. @
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4. The pupae are collected and
blasted with radiation, sterilizing the \
developing flies inside the cocoon.
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Keeping Screwworms South of the Border W, o U

L in chambers where they develop into
. flies to be air-dropped over targets.

USDA scientists hatched a plan to eradicate the screwworm by releasing sterile flies into the
wild population in the 1950s. Since then, the “fly line” has slowly pushed southward. The U.S.
eradicated the screwworm by 1966, and by 1991, Mexico followed suit. Now the line has been
pushed to the northern border of Colombia. The “no-fly zone" there is broad enough to keep
flies from reentering Central America and the U.S. (The map shows when the screwworm was
eradicated from each country.)

’
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Areas without history
of screwworms

Areas where screwworms
have been eradicated

Areas where screwworms
arestill present
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A New View of the

MilkyWay

A powerful telescope finally gives us a good look at an elusive

heavenly body: our own galaxy

Ithough we live inside it,

astronomers know less about

the Milky Way than they do

about galaxies that are many
more light-years away. In the midst of
our galaxy’s collection of roughly 400
billion stars, we aren’t able to get a
clear view of its structures. The Spitzer
Space Telescope, launched in 2003, is
changing that.

In other galaxies, seeing overall
shape is the easy part, says Robert
Benjamin, a physicist at the University
of Wisconsin and a member of the Ga-
lactic Legacy Infrared Mid-Plane Sur-
vey Extraordinaire (GLIMPSE) project.
“In the Milky Way, we can see the
individual trees but it’s hard to make
out the forest.” GLIMPSE, a Spitzer
project, has mapped more than 100
million stars throughout a 130-degree
swath of the Milky Way. An extension
of the project, GLIMPSE360, plans to
complete a 360-degree map of the
spiral galaxy by next year.

Spitzer is the last telescope from
NASA’s Great Observatories Program,
which charts the universe using
various wavelengths of light (other
missions include the Hubble Space
Telescope and the Chandra X-Ray Ob-
servatory). Spitzer sees through cosmic
dust and gas, which obscures much of
the galaxy, and it’s the most powerful
infrared telescope ever launched.

Surprising Structures

The original GLIMPSE survey, com-
pleted in 2008, has revealed new
information about our galaxy, includ-
ing how and where stars form and
the physical properties of interstel-
lar dust. Most of these discoveries

are about young, hot stars. Some of
the most surprising findings about
the Milky Way’s structure, however,
came from its much older stars: red
giants. According to Benjamin, whose
GLIMPSE work focuses on these stars,
nearly all stars eventually go through
a red-giant phase.

Red giants are particularly useful
in determining the shape of the Milky
Way because their distribution gives
a good idea of the overall distribution
of stellar mass throughout the galaxy
(they constitute around 90 percent of
the total stars in the GLIMPSE data).
Certain red giants also have constant
brightness and temperature, making
them useful “standard candles” —stars
that help astronomers determine dis-
tances between celestial objects.

Using red-giant distribution and
distances from the GLIMPSE survey,
Benjamin has confirmed two discover-
ies about the Milky Way that had not
been widely accepted: that the galaxy
has two bar-shaped concentrations of
stars in its center, and that it has two
major pinwheel-shaped arms.

58 | SCIENCEILLUSTRATED.COM MARCH/APRIL 2010

The stars in our galaxy orbit
around its center, just as planets orbit
a sun. More than 60 percent of spiral
galaxies have a high concentration of
stars at their center. These stars have
a long and narrow orbit, and that thin
orbit creates a bright, dense bar of
light. Astronomers previously believed
that the Milky Way contained one bar,
known as the Galactic Bar, although a
small group argued that a second one
existed. Benjamin’s work gives strong
evidence that our galaxy indeed has
a second bar, called the Long Bar. The
two have very different thicknesses
and shapes and are pitched at a signifi-
cant angle from each other.

Benjamin’s other major finding
supports the idea that the Milky Way
has two major spiral arms rather than
four. GLIMPSE data showed a greater
density of red giants distributed
throughout the Scutum-Centaurus
and Perseus arms. The other spiral
arms are still present, Benjamin
says, but they are not as bright as
previously thought.

“In the grand scheme of things,
astronomers want to understand gal-
axies —how they form and how they
evolve,” Benjamin says. GLIMPSE
is helping astronomers to not only
better understand the structure and
evolution of the Milky Way but also
how other galaxies were created.

NASA
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and galactic structure 1t will also cc
plete a 360-degree view of the Mﬂky
Way. Collecting data may even prove =

easier than it was during GLIMPSE,
according to Whitney, because the
outer galaxy “is cleaner and easier to
study. The inner galaxy has so much
going on that it is sometimes harder to
detect various structures.”

GLIMPSE360 started collecting data
last fall, and it will probably wrap up
next summer. Whitney says analysis
will quickly follow: “We should end
up with some interesting surprises —
GLIMPSE did, so 360 will as well.
That’s part of the fun.” =
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The lush jungles of the Brazilian Amazon
. Wereonce consndered unlnhabutable. But _
now researchers have found theremains of a¥
._dozens of commumtles inthe rainforest, :
élong with traces ofa man-made mlracle
soil that may have provided food\for tens of -
thousands of inhabitants

: )
Researchers have found ornate potteryat the e : :
same sites as fertile soil called terra preta. . P L e N N NN e O
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n a letter to his wife sent on May
29, 1925, Percy Fawcett, an Eng-
' lish adventurer, reported that he
was about to depart on an expedi-
tion into previously unexplored areas
of the Amazon jungle in central Bra-
zil. His goal was.to find a hidden city
that he referred to as “Z.” It was
/- Fawcett’s last contact with the out-
[~ ) side world—he disappeared without
\\ a‘trace —and whether he succumbed
to disease, human violence or animal
4 & attack is stillunknown.
. 2 : Now, more than 80 years later,

ofthe

Rain

anthropologist Michael Hecken-
berger of the University of Florida
and his team, in collaboration with
localindigenous people called the
Kuikuro, Brazilian scholars and a
group of archiaeologists, have discov-
ered the remains of pre-Columbian
settlements in the Upper Xingu re-
gion of the Amazon rainforest in Bra-
zil's Mato Grosso state, the same area
where Fawcett disappeared. Fawcett
may not have been right about the
existence of a city, but the recent dis-
covery of the settlements —28 in all,

AL I

ysteriously rich soil :#ay have
-

madeit possible for Amazon

estimated to have had a combined
population of more than 50,000 —is
helping to overturn the long-held
theory that the Amazon rainforest is
unsuited to human habitation.
Other discoveries are also soften-
ing the Amazon'’s hostile reputation.
In recent years, researchers have
found indications that about 1,200
years ago, natives were able to tame
large areas of the world’s largest
rainforest.and transform its poor
soil into lush orchards and fields
that could feed tens of thousands of

STORY CONTINUES ON P.64 P»
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Recent research indicates that the 1. Terra preta ("dark soil”)
inhabitants of the rainforest grew

alarge variety of crops. This may 2. Peach palms

have been possible because they

fertilized their fields with terapreta 3. Fruit trees, such as papayas
enriched with charcoal and organic

materials, The plants they raised 4. Gourds, beans and pineapples
were a mix of native flora as well as

non-domesticated plants. Fertile soil 5. Cassava (edible root)

from alluvial floodplains was also

brought to the gardening plots. 6. Corn

*

i
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High Water
Brought Fertile Soil
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White Rivers Nourished the Soil along Their Banks River Silt Can Be Exploited for Six Months

The Amazon and its tributaries begin in the Andes mountains, and Every year during high water, 3 to 4 percent of the Amazon basin
some of them are white-water rivers, which are full of nutrients. lies underwater. This is an area almost twice the size of England.
In the rainy season, these rivers overflow their banks and deposit After the rainy season, during the six months until the next floods
their minerals on the floodplains, fertilizing the soil and making it would submerge their fields, the natives used the land that was
suitable for agriculture. covered with silt to raise crops like corn, rice and cassava.
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Peanuts (assava Corn Fruitorchard Pineapples

Fish Follow the Water Inland Mainland Was Fertilized with Terra Preta

During the approximately six months of high water The large areas of the Amazon rainforest that were never flooded
each year, fishing became more difficult because were called terra firme, or mainland. The soils here were poor in
the area of distribution of the fish became wider. minerals and, in some places, the farmers appear to have enriched
Inhabitants of the forest survived mainly on crops the soil with terra preta so they could raise crops year-round. These
harvested inland. fields were used for raising selected food plants.
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Explorers Seek Ancient Towns
Areas of terra preta soil and other signs of settle-
ments are being discovered between the Rio Negro
and the Amazon and along the Xingu River.

-
/ ?’;‘l'- - 3
W E

Eduardo Neves ¢
investigates terra preta. (3

7 P2

Percy Fawcett looks for
the lost city, “2"

= Michael Heckenberger

finds 28 town:

people. This is one of the prerequisites
for the potential development of any
highly developed urban society.

The Amazon’s rainforests cover
approximately 2.3 million square
miles—an area about twice the size
of India—and are home to the world’s
richest plant and animal communi-
ties. But paradoxically, the soils here
are highly acidic and contain few nu-

trients. About 10 percent of the
R rainforest’s nutrients can be
S found in the soil; the rest
are bound up in plants
and animals. Only plants
that are perfectly adapted to
draw their nutrients from the
closed cycle of life and death
&/ here can survive in the reddish
or yellowish earth that dominates
this area. They take up nutrients

S.

/APRIL 2010

Archaeologists search for
traces of buildings that have
long since decomposed.

and minerals from dead plants and
animals before the rain can wash
them away.

But some parts of the forest contain
plots of Amazonian dark earth, also
known as terra preta, which contains
elevated levels of nutrients and organic
matter perfect for agriculture in areas
otherwise unsuitable for growing
crops. The soil—a result of refuse piles
usually including charcoal, fish bones,
pottery fragments, animal bones, ashes
and excrement—most likely correlates
with important societal and cultural
changes in the Amazon that allowed
for the development of larger towns
and villages.

This fertile soil is as deep as six and
a half feet in fields sometimes as large
as 50 acres. Researchers estimate that
as much as 1 percent of the Amazon
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ki di = T%azon has its source high up in
the Andes ﬁlountains, and it carries with

it white sediment that is rich in minerals.

Following the White Water

In the Amazon basin, there are limited
places where it is possible to raise crops.
Soil fertility depends on whether the
river is white or black. The black-water
rivers, the Tapajos among them, get their
color from tannic acids from decompos-
ing debris and carry almost no sediment.
This means they cannot provide minerals
to the riverbanks during the annual rainy-
season flooding. But the white-water

:
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rivers, which include the main channel of
the Amazon, carry large amounts of sedi-
ment from the Andes mountains, and
these enrich the land next to the streams.

From ancient times, settlements
developed beside the white rivers, where
corn, rice and cassava, among other
crops, were raised during the six months
between the end of one rainy season and
the beginning of the next.

Towns may have once existed along
this riverbank, which in the rainy
season was covered by fertile sediment.

The rainforest floor has only a very thin
layer of fertile soil because most of the
nutrients are bound up in plants and trees.

rainforest is covered with it. The fertile
pockets are concentrated near river-
banks, and some of these areas are
still in use for growing crops, which
develop at least twice as fast here

as they do in other soils. One of the
many miracles of terra preta is that it
does not become depleted but retains
its fertility for years.

Most of the plots are between 500
and 2,500 years old, and some re-
searchers suspect that inhabitants of
the area created and spread the rich
soil intentionally. By exploiting terra
preta’s extreme fertility, natives were
able to put their previous existence
as nomads behind them. Instead they
settled in villages, surrounding them-
selves with green fields and groves of
bountiful fruit trees.

Ancient Cities, Destroyed

and Forgotten

Eduardo Neves, an archaeologist at the
University of Sdo Paulo in Brazil, has
been studying these vanished cultures
for 17 years, and from his discoveries
in the Amazon forests, he is convinced
that the jungle was relatively densely
populated between 500 and 1,000
years ago. He suggests that at least five
or six million people may have lived
in the rainforest during that period. »
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Present-daynatives have found hundreds
of pld potsinthe ground. Thepots wereso |
~well made that some are still functional.

Settlements comprised more than
1,000 people, Neves believes, yet
the inhabitants left no mark on the
archaeological record in the form
of towns and buildings. In a region
where stone was not available, they
could only have constructed their
homes and temples from wood,
and as a result, the buildings would
have long since rotted in the humid
tropical climate. But in more than 100
locations in the region where the Rio
Negro flows into the Amazon, Neves
has found smaller relics of long-lost
cultures. Among the finds are ceramic
objects, including decorated and
glazed figures, dishes, pots and large
vessels able to hold more than 50
gallons of liquid. According to Neves,
people who lived as nomads in the

-

rainforest would have neither
made nor attempted to travel
with such large containers.
So the vessels were probably
used for water storage in the
towns where the people perma-
nently settled.
The big question, then, is
why such a large civilization
disappeared. Researchers speculate
that when the Spanish conquered
Central and then South America in
the 1500s, the natives had no innate
resistance to diseases such as measles
and smallpox, and huge numbers
died from germs imported by the
conquistadors. According to Neves’s
calculations, populations around Some of the ceramic vessels found were
where the Rio Negro meets the Ama- burial urns with human remains; others
zon had mostly died off by the 1800s. » were used forfood storage or cooking.
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ADVERTISEMENT

Reality forces us to recognize that whoever or whatever
is the creator provided planet Earth for people to inhabit
safely. In addition, that creator provided natural laws so
that people would learn to conform to the functioning of
those laws—gravitation, for example. The following text
describes the creator’s law that defines the code of conduct

for mankind: a natural law that people unknowingly have — richara w. weteriu

long been ignoring to their detriment.

Fortunately for us, that natural law was identified
by the late Richard W. Wetherill, and he called it the
law of absolute right. It states that right thoughts,
words, and action get right results. So the wrong
results of people everywhere indicate they are not
meeting the requirements of a natural law.

We find it helpful to think of natural laws as the
creator’s unseen hand, reaching into the affairs of
men, women, and children, guiding their activities
and teaching them that right action succeeds; wrong
action fails.

Think about it. Are governments succeeding, are
efforts to reduce crime succeeding, are programs to
reform dysfunctional families succeeding, are huge
sums of money succeeding to reduce poverty, create
jobs, or improve economic stability?

In fact, are there any human endeavors truly re-
solving humanity’s private and public failures?

The good news is that obedience to an inviolable
behavioral law created by whoever or whatever
is the creator does successfully resolve people’s
problems and prevent further trouble.

The first law of thermodynamics states that energy
can be transferred from one form to another, but en-
ergy cannot be created or destroyed—evidence that
natural laws have the upper hand in this world.

The law of absolute right requires everybody’s
behavior to be rational and honest. Any deviation
from those requirements causes the wrong results
that are wreaking havoc for humanity.

People know that obeying laws of physics requires
taking the action specified by each law in order to
get successful outcomes. In general, right action is not
seen as obedience to laws of physics, which obviously

1906-1989

it is. So people originally had been reluctant to give
attention to Wetherill’s talks and papers regarding
obedience to a natural law specifying their behavior.

Tragically, it is too late to benefit our deceased
loved ones, but the law of right behavior tells us how
and why we harm ourselves by disobeying it. As with
the functioning of any natural law, this law’s function
is to tell people to be right as the law defines right.
People’s definitions do not qualify. Instead, they are
responsible for so many diverse problems that finally
people are physically overcome. That is the ulti-
mate penalty the human race has been paying for
disobedience to creation’s behavioral law.

Our public-service advertising intends to let people
know that it is a natural law that prescribes mankind’s
behavior. By conforming, people enjoy a peaceful,
productive life.

Visit our colorful Website www.alphapub.com
where essays and books describe the changes called
for by whoever or whatever created nature’s law of
absolute right. The material can be read, down-
loaded, and/or printed free. Also press a button to
listen to the texts on the Website being read aloud
with the exception of the seven books.

As people conform to the behavioral law, they
Join those who are already benefiting from adher-
ing to it with rational and honest thoughts, words,
and action.

That is creation’s way to change what is wrong
until everything is made right: perfectly behaving
people on the one planet in this universe that sup-
ports life as we know it!

This public-service message is from a self-financed, nonprofit
group of former students of the late Richard W. Wetherill.
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Signs of Civilization

The Spanish, led by Francisco de
Orellana, first explored the Rio Xingu
in 1541 and 1542. Orellana reported

seeing large settlements on the Ama-
zon’s riverbanks. When the first scien-
tific expeditions entered the Amazon
rainforest in the 1800s, they found no
evidence of the villages that Orellana
had reported.
Recent research now indicates
that perhaps Orellana was not being
untruthful, which most historians had
thought was the case. With the help of
his colleagues and the Kuikuro tribe,
Michael Heckenberger has combed the
jungle around the upper reaches of the
o o o Rio Xingu since 1993. Aided by satellite
Experiments Re-create Miracle Soil imagery, by 2008 he had found evi-
dence of 28 settlements. They lie in an
In test plots close to Manaus in western soil fertility. Analyses of original terra preta area of about 7,700 square miles and
Brazil, researchers have had success soils revealed that the natives had added were once linked by roads and in some
in making terra preta using what they excrement, perhaps both animal and places by modified canals.
believe was one of the ancient recipes. human, as well as animal bones. Pieces of The towns were all laid out in the
Over a period of four harvests, an average  broken pottery were also included, prob- same pattern: a circular plaza with
yield increase of 100 percent was seen in ably giving the soil a looser consistency so roads oriented in cardinal directions.
bananas, rice and millet grown in soil that it could absorb more water. The organization and planning of the

In experimental fields near Manaus, extremely
fertile terra preta was created in just two years.

using fertilizer and charcoal, compared There are experiments under way in towns show a degree of sophistication

with similar fields that contain Amazon- many parts of the world, including Asia, that was equal to, or even surpassed,

forest soil with only fertilizer added. Europe, Africa, the U.S. and Australia, the small cities of medieval Europe.
Scientists Wenceslau Teixeira of to make modern versions of terra preta It’s uncertain how many people

EMBRAPA (Brazilian Agricultural Research for use anywhere soil is infertile. Steiner lived in the rainforest settlements
Corporation) and Christoph Steiner of the  believes that the introduction of biochar, along the Xingu, but Heckenberger
University of Georgia experimented with made from biomass, will prove to be a estimates that larger towns and clusters
various compositions and discovered that  valuable tool, for instance. of settlements had between 1,000 and
porous bits of charcoal are an important As an added benefit, the creation of 5,000 inhabitants, for a total popula-
ingredient. According to Steiner, it is terra preta may also slow emissions of tion of more than 50,000. In many
difficult to increase and maintain soil’s carbon dioxide. The charcoal in the soil places, Heckenberger has found large
carbon—organic matter in the soil from binds large amounts of CO, for perhaps areas of dark soil like those studied by

decaying plants and animals—in the trop-  thousands of years—CO, that would oth- Neves 800 miles away. Today only 300
ics. Adding charcoal seems to maintain erwise be released into the atmosphere. or so Kuikuro live in the region where
Heckenberger works, and they may be

S ity > . descended from the unknown peoples

L

#  who built those towns.

i many pIaces and sell it for ,‘ Fawecett set off on his last voyage

‘ uselin backyards. in pursuit of a lost city, and Neves and
£ Ny ’-' N 1 Heckenberger’s work may confirm the

ancient explorer’s suspicions. It seems

likely that Amazon people attained a
much higher level of development than
had been indicated by the few towns
discovered during the 20th century.
As research proceeds, our assumptions
about the fearsome Amazon will prob-
ably continue to be disproved. s
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AGE: 4.6 billion years

ittakes T O 30% ofall
mass: 13,000,000,000,000,000,000,000,000 pounds Earth to recelt sunlight is
energy than the amour reflected back

POLAR CIRCUMFERENCE: 24,818 miles
energy consumed from

EQUATORIAL CIRCUMFERENCE: 24,901 miles fuels globally in a year.

out into space.

40,226 feet
The depth of the deepest hole ever bored
on Earth, on Russia’s Kola Peninsula

Ittakes 21 days (trekking mostly on
foot) to reach the world's most inaccessible
place, inTibet, from the closest city.

264.56°

The number of degrees that
separates the highest from
the lowest temperatures
ever measured on Earth

136°

The temperature on
September 13, 1922,
in Al Aziziyah, Libya

-128.56°

The temperature on

July 21, 1983, at Antarctica’s
Vostok Station

1,300

The number of active satellites orbiting
Earth; about 20,000 pieces of debris larger
than a softball also circle the planet.

The Earth’s radius measures

4,025 miles fom

Earth’s surface at the equator
to the planet’s center.
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The distance to the northern edge of Antarctica from the world’s
1,826~3,225 miles: liquid outer core most isolated island, Bouvet Island, in the South Atlantic.
The next closest landmass from Bouvet Island is the southern
3,226—-4,025 miles: solid inner core tip of Africa, 1,500 miles away.

—r)

0-25 miles: solid crust

Do

26-1,825 miles: solid mantle with some fluid regions
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IMOON orbits our planet. Saturn and Jupiter have the
most moons in our solar system, about @) each.

The Human Factor

A differenceof 53 feet separates high [left] and low
tides in the Bay of Fundy on the eastern coast of Canada.
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Mt. Everest
29,035 feet Yew
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The Dead Sea
1,312 feet
below sea level

Mariana Trench
36,201 feet
below sea level

ﬂ

65,236 feet
The distance from the
highest point on Earth, the
summit of Mt. Everest in
Asia, to the lowest known
spot on the seafloor, the
bottom of the Mariana
Trench in the Pacific. The
lowest body of water is the
Dead Sea, with a surface at
1,312 feet below sea level.

The time of day when humans
arose, if one day represents
the age of the Earth

RIEDRICH

1 o inches . . of the Southern Hemisphere is covered
in water, while the Northern Hemisphere is just

The longest stretch The distance the Tonga

of straight and Pacific tectonic wet. Overall, of the planet is covered with
railroad track runs plates move toward E ; water, but less than of that is freshwater.
about 300 miles each other every year— g 9

across Australia’s the fastest plate motion 2,686 feet of water

Nullarbor Plain. on Earth would cover Earth if every

hill and mountain were

13,208,602, flattened. The world’s tall-
600,000,000 gallons estbuilding, Dubai’s Burj
The amount of precipitation  Khalifa [right], would be
that falls on Earth annually nearly submerged.

FROM TOP: E. C. JOHNSON/CORBIS (2); SHUTTERSTC
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Contrast

Where
Only

Bacteria
Survive

The McMurdo Dry
Valleys, located just
northwest of the

Ross Ice Shelf in
Antarctica, are part of
the 2 percent of the
continent not entirely
covered by ice. It’s
not warmer: Low tem-
peratures combined
with unusually strong
winds evaporate
almost all moisture,
which makes life
unsustainable for
anything except the
bacteria that grow in -
rock crevices and in
the relatively few bits
of ice, the only water
in the Dry Valleys.

BARREN
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Overflow
With Life

Coral reefs sustain

a third of all known
ocean species, attract-
ing marine life from
microscopic plank-

ton to 30-foot whale
sharks. Although one
fifth of the world’s
reefs have been killed
off by rising sea tem-
peratures and other
environmental factors
such as ocean acidifica-
tion, Red Sea corals like
these survive when
surface waters exceed
88°F, the point at
which most others fail.
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Trivia Countdown <) T

3 00 2

Earn more points by using fewer

clues to answer each question.

Name this

country

GEOGRAPHY

Name this

plant

Name this

athletic
event

Name this

animal

Name this

drink

BEVERAGES

What year w

May 31, Israel

More than half of its
land is covered by forest,
and it is the world's
leader in pulp and
paper production.

This group of plants,
containing up to 15,000
spedies, is the botanical
division Pteridophyta.

[t originated as a sport
in the 1880s in both
upstate New York and
the Swiss Alps.

All 17 species of this
animal family, named
Spheniscidae, live in the
Southern Hemisphere.

It is made from a plant
whose Latin name is
Camellia sinensis.

as it?

Nazi extermination bureaucrat Karl Adolf Eichmannis
hanged six months after his conviction and sentencing.

July 10, U.S.

A consortium of American, English
nies launches the world’s first com
Telstar-1 [right].

HISTORY

August 5, South Africa

and French compa-
munications satellite,

Nelson Mandela is arrested and later tried for sabotage,

treason and conspiracy. He is relea

Your score;

sed in 1990.

This nation’s name
comes from a Latinized
version of the word
for“village"ina
now-extinct Iroquoian
dialect.

They are part of an
ancient group

of plants; some are
perhaps more than
360 million years old.

[t has been a men’s
Olympic event since
1924, and women first
competed in 2002.

Some species live in
very large colonies, with
hundreds of thousands
of individuals.

In Russia, it may be
served in hot water
heated in a metal con-
tainer called a samovar.

Your guess

Correct
year

+ 2 years

+4 years

+ 6 years

+ 8 years

24-30 Genius!
17-23 Top of the class!
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Itis the second-largest
country in the world,
but with only 33.5
million people, it

is only the 37th

most populous.

The group’s name may
come from the Sanskrit
word parna, meaning
“wing” or “leaf."

Standard tracks are
around 5,000 feet long
with dramatic drops
and curves.

Most people associate
the animals with cold
weather, but some live
in temperate regions,
and one species even
lives near the equator.

Its mostimportant
chemicals are tannins,
which give the drink a
bitter taste.

points

It gained its indepen-
dence from Great Britain
in 1982.

These plants lack flowers,
and reproduce by means
of spores that are often
released from the under-
sides of their leaves.

Olympic teams have
two or four members,
and the heavier four-
person groups race
down the track at up
to 80 miles per hour.

These animals have
flippers, which they
evolved from wings.

According to legend,
it originated in China
around 2700 B.C., when
it was mainly used as
medicine.

9-16 Passing grade
0-8 Hit the books!

Answers appear on page 78
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Since 1965, the coun-
try’s flag has consisted
of a white field with
ared maple leaf in
the center.

The young, tightly
coiled “fiddleheads” of
some species can

be eaten.

[t earned its name
from competitors bob-
bing back and forth,
trying to increase the
speed of their sled.

Its name may stem from
the Welsh pen, meaning
“head"and gwyn, or
“white.”

American colonists
dumped three
shiploads’ worth into
Boston Harbor in 1773.
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WARNING: IS YOUR MEMORY FADING?

Breakthrough research reveals “senior moments”
may be caused by “brain starvation”

You may be able to avoid long-term
issues if you act before it’s too late.
Leading medical researchers reveal
discovery that triggers body’s own
production of mental “superfuel”
and may help reverse the damage
caused by stress and age.

o you remember your first kiss but not
there you left your car keys? You're

not alone. Millions are discovering
that as they age, their short term memory and
mental sharpness seem to be slipping. The
cause of these inconvenient “gaps” in memory
sits deep inside your brain, among the billions
of tiny nerve connections. New brain cell
growth starts dropping after age 25, and then
dramatically after 50, starting a downward
spiral that can lead to everything from those
frustrating “senior moments” to even more
severe memory breakdowns.

Downward Memory Spiral is Reversible

Studies have shown that the efficiency of
brain cells declines after years of free radical
damage and stress. It was long believed that
as we got older, memory problems were
inevitable. But medical experts have revealed
that the downward memory spiral is
reversible. Compelling new research shows
that there's a simple way to stimulate new
brain cell growth that can boost your memory,
improve your focus and restore your mind’s
mental sharpness.

Achieve Peak Brain Performance

Challenging mental games aren’t enough to
build a better brain. Your mind is the most
complex and demanding organ in your body.
It’s also a high-performance supercomputer
that requires the right chemical “foods” to
perform at its peak.

One of the brain’s most important nutrients is
choline. Choline is a substance in our body
that our brain desperately needs to help

N N
Are you starving your brain?

If you have experienced one or more of these
symptoms, you may benefit from Neurostin®.

& Do you forget names or dates?

Do you sometimes get confused?

& Do you find it difficult to do more than
one thing at a time?

Do you often forget why you walked
into certain rooms?

Do you find it hard to concentrate?

manufacture new cells and improve vital
neurotransmitters (the basic processes of
thinking and memory). Until now, it was
believed that there was no way to safely and
naturally produce this remarkable mental
“superfuel.” But after years of extensive
research and testing, microbiologists and brain
researchers in the U.S. at the University of
North Carolina, in England at Newcastle
General Hospital, and at one of the most
prestigious research institutes in Israel have
developed a way to help boost choline produc-
tion. Their breakthrough formula also helps
stimulate new brain cell growth, leading to a
significant improvement in memory, concen-
tration and helps clear stubborn “brain fog.”

How Neurostin® Works

« Provides the building blocks of nerve cell membranes to promote
optimal brain cell activity

« Assists in the production of acetylcholine, a vital component for
improved mental performance

« Helps relax blood vessels to increase blood flow for maximum
nutrient and oxygen delivery

« Helps dispatch antioxidants which inhibit free radical oxidation of
nerve cell membranes

These statements have not been evaluated by the FDA. This product is not intended to treat, diagnose, cure, mitigate or
prevent any disease. Return postage may be required. Neurostin® is not endorsed, associated or affiliated in any way with

Newcastle Hospital or the University of North Carolina.

Improve Memory and Focus
Without a Prescription

This exciting breakthrough discovery is now
available in a time-release capsule called
Neurostin® Complex-Memory Pill that is
available without a prescription to anyone
looking to sharpen their memory.
Neurostin® contains a unique combination
of antioxidants, botanicals and nutrients
to support critical processes for good
cognitive function. Its high concentration of
specific brain-boosting ingredients helps
improve the synthesis and transmission of
neurotransmitters necessary for improved
mental clarity. The Neurostin® formula is
completely safe and contains no stimulants,
ephedra or caffeine.

Protect Your Memory Now
Before It’s Too Late

Why wait until your lack of focus or forgetful-
ness creates an unsafe situation? Today it was
your reading glasses, but tomorrow it could be
the stove. You forget a phone number today,
but tomorrow it could be where you parked
your car at the mall.

Just as important is the personal toll that a
fading memory can take on your family and
friends. Don’t you owe it to them and your
future to take your brain’s fitness as seriously
as you do your heart health? It couldn’t be
easier. In as little as 30 days vou can get back
the mental sharpness and focus you had
when you were 20 years younger! Act today
and unlock your mind'’s true potential!

Having Trouble

Finding Neurostin?

The makers of Neurostin® are so
confident that they want to offer
you a 30-Day Risk Free Trial, so
you can experience the
results firsthand.

To get your supply
of Neurostin® risk free,
for just a small
shipping and
processing fee
call 888-855-2494.

..
l'!tlagstlﬂ,
\5
Call 888-855-2494 Today
For Your 30 Day Risk-Free Trial
of Neurostin® Complex-Memory
Mention Promotional Code NU100080

www.NeurostinDirect.com
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VISIT OUR WEBSITE
10 VIEW SAMPLE

VIDED CLIPS OF
EVERY COURSE

SUBJECTS:

BASIC MATH = 7 HOURS -

BASIC MATH WORD PROBLEMS === 38 HOURS -
PRE-ALGEBRA/ALGEBRA 1 m==== 10 HOURS -

ALGEBRA 2 s  HOURS -
ALGEBRA WORD PROBLEMS == 6 HOURS -
GEOMETRY msssssssss——— 9 HOURS -
ADVANCED ALGEBRA s 7 HQURS -
MATRIX ALGEBRA = 7 HOURS -
TRIG/PRECALCULUS e 5 |{QURS -
CALCULUS 182 " 3 H(URS -

ADVANCED CALCULUS 2 w14 HOURS -
CALCULUS 3, VOL 1 s () HOURS - $44.99
CALCULUS 3, VOL 2 e 11 HOURS - $49.99

'PHYSICS

Having Math Problems? WE CAN HELP!
MATHTUTORDVD.com

Press Play For Success

$26.99
$26.99
$26.99
$26.99
$26.99
$26.99
$31.99
$31.99
$31.99
$36.99
$49.99

Raise grades or your money back

TO ORDER: 877-MATH-DVD or www.MathTutorDVD.com

AWARD
WINNING

MATH & PHysics
TUTORIAL pyps

RECENT STUDENT FEEDBACK:

“Your methods are so clear that my seven year old
son was grasping the trigonometry lessons. I'm
picking up some new things as well.”  Gary G.

“Watching your videos is wonderful because, as

you work the problems, you show and explain
every step.”  Marilyn D.

“All of the instruction and examples on the
DVDs are very clearly explained and your style
of teaching definitely makes the viewer very
comfortable with the material being presented.”
Doug F.

“I found the lectures very clear, straight to the

point, and the pace was just right for me, who has
not seen any calculus or trig in the past 10 years

and needed to come up to speed fast.”  Sophia A.
“You have a serious teaching gift.” Dennis S.

“I tell all my friends who have di
! cal
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Ma rketp I(e To Advertise please contact Patrick Notaro @ 212-779-5555 or Chip Parham @ 212-779-5492.

SCIENCE | gSave .

Boys 7-15. In the Poconos at

. \ 5
Hawley, PA. Offering qualified o = 7 5 00
instruction and laboratory work in epor Va/
chemistry, biology, photography, e

rocketry, electronics, Ham radio
and computer science. Other
activities include: sailing, mini-bike

riding, riflery, archery, tennis, arts '
and crafts, trips, windsurfing, etc. a er ca ms x ose
Accredited by American Camping

Assoc., 2, 4, 6, 8 wk. sessions.

Catalog: T. Wacker, Shocking truth revealed about
PO Box 356, Paupack, PA 18451 ]
www.watonka.com. v tap v alkalized v |;veII
970-857-1401 v bottled v"energized v structured

v filtered v clustered v  and more...
; ) v mineral v/ reverse 0smosis
Advertise your business . Sh
or product i the v spring v distilled
Marketplace section! _Which'one should you drink?

Contact Patrick Notaro FREE Report & catalog

at 212-779-5555 or

212775 5403 today! 1780078743902 81 e0

www.waterw:se_\.com

Protect YOUR BACK — EvolveFISH.com

Protect YOUR MONEY Great gifte for enquiring minds!
CAR EMBLEMC CTICKERC

The new Rogue Wallet does BOTH. @Kq) t t i
Fits into your front pants pocket with N\‘H.I.IGNI’ DESIGN
\-& t.)

— : = style.
What
'.] Homert of o need is o
‘ "’:\ W onent of SCIENCE s

SAVE TIME!

Only $29.99 |

s T-QHIRTQ
24/7 Customer service ' \/
is only a click away! | >
® Change Your Address "\
@ Check Your Account Status
® Renew, Give a Gift or Pay a Bill THE -
® Replace Missing Issues Bohaved
ROGUE WALLET, mvm mn:‘m, |
& & e History
Our online customer service area Beonlywalletwitvarevoliiionary BUTTONC Becaltéé
is available 24 hours a day. Just curved edge, is designed to fit Qoionco
log on to: . e
www.scienceillustrated. comfortabily T your front pociet is just your
com/customerservice cup of teal
Learn more or order online at (and oure too)
SCIENCE ite or call
— = roguewallet.com web sife
ILLUSTRATED pie Check our
or ca 00-76b6-1760, ext. 14. 1-800-386-5846
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Brain Trainers

n Beginning with the \ B Mark some of the empty hexagons p

number 3 and moving so that the digit in each numbered @_ >
counterclockwise hexagon represents the number of
around the Cshape, marked hexagons adjacent toiit.

insertaj—, -, xor/inthe ‘ i

s HO00 & Fe
(Ignore the usual rule @ @ O ‘ 0
that you should multiply 6 O ‘

g CeE
and divide first.) A
ososn e bnn | 8 IR e

if they must share a horizontal or

T 3@009‘3@@ R e O i i

in this colony peacefully?

\ /
s) \ . . .

n How many different " G B Inthe table to the right, each of the & = be cwd 18
paths following the -, ')..\ letters stands foranumber,andthe  ***** pER o e d et
arrows lead from the Xl () sums ofthenumbersineachofthe = =« 'a. L ( ?
startcircle, S, to each of k= i first two columns and in the first row b 8= ¢ & g 7E
the other circles? How L ) are shown. Find the sum of the cassdesandiiannatanas
many paths lead to the &4 J numbers in the second row. b s co 8 o c
endcircle, E? @ \ 18 14

Which of these four
dominoes completes the
third column at right?

Imagine the Earth as a perfect
sphere and its circumference
asa belt that is pulled tight
around the planet. Lengthen
that belt by 10 feet and pull
itaway from the Earth, so

thatitis the same distance,
“z,'from the planet all the way
around. What is the distance
between the beltand the Earth?

S
N

2

Fill in the four empty
Who is telling the truth and who is lying? boxes so thatthe
totalsin all 3x3

. . . . squares of
“Eitherlam lying or Michelle is.” consecutive boxes
are equal. What isthe

something inaudible. common total?

wn
B

Vi|[H|= 0 |W
w-an‘_.

26 3|
AR BE
Answers appear on page 78

"If Michelle is lying, Patricia is too.”

4
y
1
5
5
7
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“As the master craftsman who opened
the famous Lincoln Pocket Watch at the
Smithsonian, I recently reviewed the
the Stauer Meisterzeit timepiece.

The dSSembly and the precision

of the gnical movement

ith the best.”

reorge Thomas
vSormtVetch Company

A rare chance to claim a unique piece of watchmaking history for under $100!

Eighty-six years ago, a watchmaker
in Paris famous for building the
magnificent clocks at Versailles created a
legendary timepiece. He invented the first
watch with an automatic mechanical
drive. These innovative movements
required no batteries and never needed
to be manually wound. Only seven of
these ultra-rare watches were ever made
and we've studied the one surviving
masterpiece in a watch history museum.
Inspired by history, classic design and
technology, our Stauer Meisterzeit IT has
been painstakingly handcrafted to meet
the demanding standards of vintage
watch collectors.

Why the new “antique” is better
than the original. The original time-
piece was truly innovative, but, as we stud-
ied it closely, we realized that we could
engineer ours with a much higher level of
precision. The 27-ruby-jewel movement
utilizes an automatic self-winding mecha-
nism inspired by a patent from 1923, but
built on $31 million in state-of-the-art
Swiss-made machinery. With an exhibi-
tion back, you can see into the heart of the
engineering and view the rotor spin—it’s
powered by the movement of your body.

This limited edition Stauer Meisterzeit IT
allows you to wear a watch far more
exclusive than most new “upscale” models.
Here is your chance to claim a piece of
watchmaking history in a rare design that
is priced to wear everyday.

Elegant and accurate. This refined
beauty has a fastidious side. Each move-
ment and engine-turned rotor is tested for
15 days and then certified before it leaves
the factory.

The best part is
that with our
special price, you
can  wear a
superb  classic
historical repro-
duction watch
and laugh all the
way to the bank.
Stauer specializes
in classic time-
less watches and
jewelry that are
made for the
millionaires who want to keep their
millions. This watch will quickly move
to heirloom status in your household.

View the precision

movement of the
Meisterzeit through the
rear exhibition port.

Smart Luxuries—Surprising Prices

Try it for 30 days and if you are not
thrilled with the beauty and construction
of the Meisterzeit 11, simply return it for
a refund of the purchase price.

Only 4,999 available. Since it takes
about 6 months to build each watch, the
release is a limited edition, so please be
sure to order yours soon.

WATCH SPECS:

- 18K Gold-clad case and bezel

- Precision 27-jeweled movement

- Interior dials display day and month
- Croc-embossed leather strap

- Fits 6 3/4"-8 1/4" wrist

80%
OFF

Exclusively Through Stauer
Stauer Meisterzeit Il Watch—$395
Now only $95 :ssp Save 5300!

Call now to take advantage of this limited offer.

1-888-324-4351

Promotional Code MZW168-01

Please mention this code when you call.

Stauer

14101 Southcross Drive W.,
Dept. MZW168-01
Burnsville, Minnesota 55337

www.stauer.com
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CELESTRON ASTRDNDMY MADE SIMPLE FOR 50 YEARS

' The distinctive orange tubes of Celestron telescopes have
come to sngmﬁxquahty throughout the world of amateur
astronpmy .Our Orlglnal c8 model set the standard: Today we
offer the
.Fbrfmnf‘l!a'?ﬂf rmatic
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