books

Comets: Creators and Destroyers -- David Levy. Fodder for Hollywood screenwriters this summer, the idea of comet collisions has garnered wide public attention. Levy, amateur astronomer extraordinaire with 21 comet discoveries to his name, separates reality from the fiction. Describing how comets have impacted Earth in the past to provide our planet with life-spawning water and carbon, he imparts current scientific ideas about these icy, dusty balls. He adeptly reveals how comets may ignite life and spins a tale of the likely outcome of a modern-day collision with Earth. Touchstone, 1998, 256 p., b&w photos, paperback, $12.00.

Desert Wildflowers of North America -- Ronald J. Taylor. Buffalo gourd, Joshua trees, and Cleveland penstemon (no relation to the Ohio town) are among the 500 flowering plants unique to the Mojave, Sonoran, Painted, Chihuahuan, and Great Basin Deserts profiled here. Generalized chapters addressing the geology, wind, and seasons of these areas introduce accounts of individual species. Color photos of each specimen are accompanied by detailed descriptions of fruit, flowers, stem, and type. Mountain Pr, 1998, 349 p., color photos, paperback, $24.00.

How We Live -- Sherwin B. Nuland. The author of How We Die does an about-face in his latest endeavor, which explores the inner workings of the living body's systems. He does a fine job of illustrating how the digestive, circulatory, nervous, and other systems work in tandem to fight disease and repair themselves. Nuland's stories of patients whose systems have gone awry fill the text and help him describe the human will's role in overcoming and coping with bodily malfunctions. Originally published in hardcover under the title The Wisdom of the Body in 1997. Vin, 1998, 395 p. b&w illus., paperback, $14.00.

Melanoma: Prevention, Detection, and Treatment -- Catherine M. Poole and DuPont Guerry IV. A melanoma survivor teams with an oncologist to provide a nuts-and-bolts view of skin cancer aimed especially at newly diagnosed patients. Chapters on early detection and who is at risk are enhanced by color pictures comparing normal and malignant spots. The middle section of the book addresses surgery and other forms of treatment, from the earliest stages to metastasis. Appendixes define terms and provide contacts for support. Yale U Pr, 1998, 140 p., color plates/b&w illus., paperback, $14.00.

Owls: A Wildlife Handbook -- Kim Long. A fact book, field guide, and folklore collection, this accessible guide portrays the many facets of the silent stalkers of the night. Long introduces all 19 species of owls that breed in North America, detailing their habitats, anatomy, size, range, call, reproductive habits, methods of hunting, and choice of diet. Johnson Bks, 1998, 181 p., b&w/color illus., paperback, $15.95.

Ripples on a Cosmic Sea: The Search for Gravitational Waves -- David Blair and Geoff McNamara. Emerging from the depths of the universe, gravitational waves -- ripples in the fabric of space -- are generated by colliding stars and black holes, exploding supernovas, and by the turmoil that lies in the hearts of quasars. With such stunning origins, it would seem that gravitational waves would carry great power, yet a human standing in the path of a billion kilowatt beam of gravitational energy would feel nothing. Due to the weakness of their influence, observation of these waves is virtually impossible. Einstein perceived the existence of gravitational waves in his theory of relativity but it wasn't for many years that any ideas for detecting them became feasible. Blair is an expert in theoretical and practical aspects of gravitational wave technology and imparts his wisdom here. Addison-Wesley, 1998, 184 p., illus., hardcover, $22.00.

The Universe Below: Discovering the Secrets of the Deep Sea -- William J. Broad. The end of the Cold War saw the release of top-secret technologies for deep-sea exploration. Broad swims through the history and current events of oceanography since that liberation. He explains the technology involved and shares the newest findings from the little-known environment of the deepest ocean, including lifeforms in "uninhabitable" places, extraordinary geologic wonders, and human-made debris such as the Titanic and abandoned nuclear submarines. Originally published in hardcover in 1997. Touchstone, 1998, 432 p., b&w illus., paperback, $15.00.

Vital Signs 1998: The Environmental Trends That Are Shaping Our Future -- Lester R. Brown, Michael Renner, and Christopher Flavin. Produced by the Worldwatch Institute, this annual tracks the key global indicators of social, economic, and environmental progress, or the lack thereof. This year's edition indicates that the amount of carbon dioxide in the atmosphere reached its highest point in 160,000 years, China accounts for half of the world's pork production and consumption, and 1997 was the hottest year since record keeping began in 1866. Norton, 1998, 207 p., b&w illus., paperback, $12.00.

Letters

Upholding the right to secrecy

Rivest's new technique, "chaffing and winnowing," allows people to communicate secret messages by larding the intended message with packets of gibberish and differentially tagging all packets with message authentication codes so that only the intended recipient can pick out (winnow) the gibberish (chaff) from the intended message (wheat) ("Hiding secret data in plain view," SN: 5/2/98, p. 286). 

We say he does this without traditional encryption because the intended message, although broken into fragments, is not scrambled, nor are any of its characters substituted, nor are they rearranged in sequence. However, one may argue that chaffing and winnowing, viewed large, is cryptography: A sender inserts a message and key into a black box at one end, producing unintelligible output; the recipient inserts this output and key into the black box and gets the message at the other end.

But Rivest has achieved something much more profound: He has proved the futility of any attempt by authorities such as the U.S. government to prohibit secret communication. You and I could just as easily prearrange a system of winks and nods to tell each other when we were telling the truth and when we were lying and then carry on a secret conversation entirely in the open.

The difference between winks and nods, chaffing and winnowing is just a matter of degree. The only way to prevent secret communication is to prohibit all communication.

Hence, freedom of speech ultimately equates to the right to secrecy!

Peter F. Klammer

Wheat Ridge, Colo.

Wading through the Web

Much has been said about the fabulous data resources available on the Internet and the difficulties in accessing them, including several items in the latest Science News ("Sifting through the Web's data jumble," SN: 5/2/98, p. 278; "Web searches fall short," p. 286). Nobody seems to address the problem that bothers me the most: incompatible formats.

Very often I find that what is available has been presented in some obscure Boolean format that my PC can't process, and I have to give up. Is there a remedy?

Bill Beauman

Chicago, Ill.

Exercise and HIV

It shouldn't come as a surprise to researchers that exercise does not exacerbate AIDS ("Exercise does not spur AIDS course," SN: 5/9/98, p. 299). One has only to look at the recent news reports of Magic Johnson, HIV-positive for 6 years or more, who routinely works out hard at least 4 hours per day. In his last test, the virus was undetectable (although presumably still present).

Granted, the "cocktail" of drugs can take some credit for his continued health. But a still more beneficial effect might be attributable to his physical activity -- through the same mechanism as the "statistically significant" decline in HIV produced in Roubenoff's study.

Christina Russell

Sugar Land, Texas

Feathered Dinosaurs Found in China

In the academic cockfight over bird origins, dinosaur researchers have discovered something to crow about. Two species of feathered dinosaurs have turned up in China, clinching the argument that birds arose from meat-eating dinosaurs, reports an international team of paleontologists this week.

"This is the most important dinosaur discovery of this century," says one of the researchers, Philip J. Currie of the Royal Tyrrell Museum of Paleontology in Drumheller, Alberta. "The credibility of the dinosaur-to-birds theory has just taken a gigantic leap ahead with these specimens."

Since the 1860s, scientists have been debating whether dinosaurs sired birds. In recent years, numerous finds have supported the hypothesis that birds descended from two-legged, running dinosaurs called theropods (SN: 8/23/97, p. 120). Dramatic evidence emerged in 1996 with the discovery of a Chinese theropod, Sinosauropteryx, that bore a coat of downy fibers, perhaps the evolutionary forerunners of true feathers.

A few researchers, however, have pecked at the theory, arguing instead that birds evolved from four-legged arboreal reptiles. They regard any similarity between birds and dinosaurs as an example of convergent evolution, by which two independent groups grow to look alike. These critics maintain that Sinosauropteryx's fibers were not down but actually a reptilian frill.

The plumage on the new Chinese dinosaurs brushes away such arguments because it is identical to bird feathers, says Currie. The structures have a central shaft with parallel barbs on either side, report Ji Qiang and Ji Shu-An of the National Geological Museum in Beijing, Currie, and Mark A. Norell of the American Museum of Natural History in New York at a press conference on June 23 at the National Geographic Society in Washington, D.C., and in the June 25 Nature.

The two new Chinese dinosaurs -- between 145 million and 125 million years old -- come from the same fossil treasure trove in Liaoning province that yielded Sinosauropteryx. One of the feathered dinosaurs is named Protarchaeopteryx robusta because it had a more primitive anatomy than the oldest known bird, the 150-million-year-old Archaeopteryx. Two other specimens belong to a new species, Caudipteryx zoui, which is the closest known relative of birds.

The fossils are considered theropod dinosaurs rather than true birds because they lack a number of features seen in Archaeopteryx and more advanced birds, says Norell. He and his colleagues doubt that the creatures could fly because they had relatively short forelimbs, short feathers, and a body twice the size of Archaeopteryx. What's more, their feathers had a symmetrical shape like that seen in flightless birds today.

Critics of the bird-dinosaur theory remain unflappable in the face of the new evidence. Ornithologist Alan Feduccia of the University of North Carolina at Chapel Hill surmises that the new finds are actually ancient birds that lost the power of flight and came to resemble theropods superficially. "The fact that they had elongate feathers indicates that they came from a flighted ancestor," he says.

Such arguments don't fly with most paleontologists, however. "These are animals that seem to be, by all appearances, fairly conventional dinosaurs. They are not flightless birds," says Lawrence M. Witmer of Ohio University in Athens.

If feathers appeared first on ground-dwelling dinosaurs, then they must have originally served some purpose unrelated to flight. Some scientists speculate that down, like the Sinosauropteryx structures, evolved first and insulated the bodies of small theropods. Large plumes later may have served as a display for attracting mates.
 -- R. Monastersky

Model of dinosaur Caudipteryx zoui.

Feathers attached to Caudipteryx's forelimb.

Fish eavesdrop on nearby fights

Much like a bunch of guys in a bar, Siamese fighting fish turn to watch a brawl and take note of who's the winner and who's the wimp.

A male who has seen a fight reveals what humans politely call reluctance when it's his turn to tussle with the winner, report Peter K. McGregor at the University of Copenhagen and his colleagues.  

 The study of animals eavesdropping on each other's interactions is just opening up, says McGregor. Traditionally, animal communication research focuses on one signaler and one receiver, ignoring bystanders. But eavesdropping proves invaluable, he points out.  Keeping track of fights offers data on dominance with no risk of bodily harm. Without such snooping "you'd wind up in bits before you had all the information," McGregor says.

Previous observations hinted that birds use clues from monitoring neighbors' territorial scraps, he notes. A red-winged blackbird who attacks with zest when researchers present a stuffed bird suffers fewer territorial intrusions afterward than the bird who attacks the dummy half-heartedly.

McGregor believes the new experiments are the first to examine rubber-necking during fish fights. The results appear in the June 22 Proceedings of the Royal Society of London B.

The researchers observed nearby fish during showy clashes between Siamese males in laboratory tanks. Even males in separate compartments, away from ripples or chemical cues, seemed to watch the contest, the team reports.

McGregor and his coworkers next allowed a male to view only one of two simultaneous fights. That bystander took four times longer to approach the winner of the fight he had just seen than to swim up to the loser. However, in confronting fish from the battle he missed, the male showed no significant difference in approach. 

Some mammals and highly social birds clearly keep an eye on neighbors, observes David W. Dunham, who has studied fighting fish at the University of Toronto. "When you get down to lower animals, it's much more difficult to find good evidence of that kind of thing."

The new fish findings remind him of a phenomenon called copying in guppies. Smaller females change their preferences for male colors after seeing a large, important female near a male of a particular hue. 
 -- S. Milius

Two teams find planet orbiting nearby star

Astronomers this week reported that one of the sun's nearest neighbors -- a star just 15 light-years from Earth -- possesses a planet at least 1.6 times as massive as Jupiter.

The unseen planet betrayed its presence through the characteristic wobble of its parent, a star called Gliese 876. Of all the stars thought to have planets, Gliese 876 is the closest to Earth. Weighing in at just one-third the mass of the sun, it is also the lightest of these stars.

In hunting planets, researchers had previously focused on stars similar in mass to the sun. Finding a planet around one of the first low-mass stars to be examined offers a hint that planetary systems "may be a common occurrence among stars that are quite different from the sun," says Geoffrey W. Marcy of San Francisco State University and the University of California, Berkeley. He presented the findings at a symposium of the International Astronomical Union in Victoria, British Columbia.

The newly detected planet takes 61 days to go around the star, and its average distance from its parent is one-fifth the separation between the sun and Earth. That's closer to the star than Mercury, the innermost planet of the solar system, is to the sun. Marcy says that this discovery brings to 12 the number of planets revealed by the wobble in a star's motion (SN: 5/17/97, p. 305).

Theorist Didier Saumon of Vanderbilt University in Nashville, Tenn., told Science News that preliminary calculations indicate the surface of the planet -- presumed to be gaseous -- has a temperature around -75°C. That's far below the freezing point of water. The calculations also suggest, however, that in warmer layers not far below the surface, water could exist as liquid droplets.

Although liquid water is thought to be a key ingredient for the development of life, "we shouldn't go into a feeding frenzy about this," cautions Marcy. He notes that within a gaseous planet, water cannot puddle and form an environment that can readily support organisms. Saumon adds, however, that if the planet has solid moons, they might lie within a temperate zone and could offer a foothold for living material. Jupiter's moon Europa, for example, is suspected of harboring a vast ocean and is a likely place to look for life (SN: 11/1/97, p. 284).      

Marcy and his colleagues, R. Paul Butler of the Anglo-Australian Observatory in Epping, Steven S. Vogt of the University of California, Santa Cruz, and Debra Fischer of San Francisco State, began studying Gliese 876 in 1994 at Lick Observatory on Mt. Hamilton in California. The faintness of this low-mass star, which has only about one-fortieth the intrinsic luminosity of the sun, made it difficult to analyze. Last year, the researchers began using one of the world's largest visible-light detectors, the Keck I Telescope atop Hawaii's Mauna Kea, to study 400 nearby stars, including Gliese 876.

Observations with a high-resolution spectrometer attached to Keck I, including data recorded on June 18 and 19, revealed the presence of a planet. "It was the data from Keck that really nailed this planetary companion down," says Marcy.

Two hours after Marcy announced the results at the Victoria meeting on June 22, a colleague presented him with a startling e-mail. Another team, led by Xavier Delfosse of Geneva Observatory in Switzerland and Grenoble University in France, wrote that it had independently found evidence of the same planet. The researchers analyzed light from Gliese 876 using spectrometers at the Haute-Provence Observatory in France and the European Southern Observatory in La Serena, Chile. 

"It's very convincing that they have confirmed [the finding]," says Marcy.

Marcy notes that although gravitational interactions between a star and a nearby planet tend to make orbits circular, the new planet follows a path more elongated than that of Pluto. He told Science News that another star under study by his team appears to have a planet in an equally close but even more elongated orbit. "All of the planets in our solar system have more nearly circular orbits than these two new planets. They raise questions about how common the architecture of our solar system is," he says.

One notion is that an elliptical orbit arises from the gravitational interaction of two giant planets that initially lie near each other but far from their parent star. After a close encounter between the planets, one ejects the other and then heads inward, in a smaller elliptical orbit (SN: 11/23/96, p. 328).

In 2 weeks, a team led by astronomers in Geneva plans to announce the discovery of two planets orbiting stars farther from Earth than Gliese 876.
 -- R. Cowen 

Cesarean + AZT = Almost no HIV transmission

Pregnant women with HIV, the virus that causes AIDS, can in nearly all cases prevent their babies from contracting the disease during birth. These mothers must take the drug AZT and deliver by planned cesarean section, two studies show.

French scientists report that of 133 HIV-positive women who took AZT and then gave birth by elective cesarean before contractions started, only one transmitted HIV to an infant, a rate of less than 1 percent. The researchers had followed the progress of 2,834 HIV-positive mothers between 1985 and 1996. 

They found that babies born vaginally to 625 mothers taking AZT in this group contracted HIV 6.6 percent of the time. Emergency cesarean sections that were required by complications after contractions started in 114 other women taking AZT yielded an HIV transmission rate of 11.4 percent.

Of 1,877 HIV-positive mothers not treated with AZT, 17.2 percent transmitted HIV to their infants. The method of birth didn't affect their risk, the researchers report in the July 1 Journal of the American Medical Association and at the 12th World AIDS Conference this week in Geneva.

The results match those of Swiss researchers who have found in an ongoing study that all 42 children born by planned cesarean to HIV-positive mothers being treated with AZT tested negative for HIV. The Swiss findings, first described in the Jan. 22 AIDS, were updated this month.

The report documented HIV infections in 20.3 percent of 271 infants born vaginally to mothers who were not receiving AZT. Of infants born by cesarean section to mothers in this group, 16.7 percent (4 of 24) were HIV-positive. Mothers receiving AZT passed the virus along in 8.1 percent (7 of 86) of the infants born vaginally.

During vaginal childbirth, the infant can swallow blood or other fluids from the mother, or these fluids can come into contact with the child's mucous membranes or abrasions on the baby's skin, says Swiss study coauthor Christian Kind, a neonatologist at Kantonsspital in St. Gallen, Switzerland.

Opportunities for infection can arise before delivery as well. Labor contractions place the child at risk because the placenta may leak maternal blood that can carry viruses to the baby. Also, if the amniotic sac surrounding the fetus ruptures at least 4 hours before delivery, the child can become exposed to HIV, Kind says. Thus, having the cesarean section before contractions start "is absolutely essential," he concludes.

Although the research is valid, any public health approach that includes mass cesareans "has a lot of practical limitations," says Ruth E. Dickover, a virologist at the University of California at Los Angeles School of Medicine. Many women who come to the UCLA clinics arrive late in their pregnancies, have no health insurance to pay for a cesarean delivery, don't have an accurate due date, and don't know their HIV status, she says. For women in the developing world, prenatal care is often nonexistent, and the possibility of widespread cesareans is remote, she notes. 
  -- N. Seppa

New tags may help diagnose turtle losses

Up to 8 feet long and weighing in at 1,200 pounds or more, the leatherback is the world's largest turtle -- and one of the most unusual. Because leatherbacks are endangered globally, conservationists are anxious to help protect these behemoths of the high seas. 

And a tiny, biodegradable screw may help.

Earlier this month, Molly Lutcavage of the New England Aquarium in Boston affixed a small radio transmitter to the back of a female leatherback, just minutes after the turtle had laid a clutch of eggs on a beach in Culebra, Puerto Rico. Lutcavage anchored the pocket-pager-size device to the animal's shell, or carapace, with screws normally reserved for orthopedic surgery patients. She's hoping the transmitter -- the smallest satellite tracking device ever used on a sea turtle -- will remain in place for the better part of a year, sending signals whenever the leatherback surfaces.

Wildlife biologists have long known the sites where adult females come ashore to lay eggs. However, "we have almost no data on leatherbacks in non-nesting areas," observes Samuel Sadove of Long Island University in Southampton, N.Y., and director of leatherback research in Culebra. "A whole portion of the leatherbacks' life cycle -- probably the most significant portion -- is spent feeding [at sea] or traveling to and from feeding areas," he says. The paths that the far-ranging, virtually warm-blooded animals take and the company they keep remain "huge unknowns." 

Meanwhile, the species is dying out. "To say that leatherbacks are disappearing at a staggering rate, especially within the last 7 to 10 years, is an understatement," Sadove maintains.

If scientists could map the turtles' high-seas trek with long-lasting transmitters, they might learn where the animals are most vulnerable, helping regulators design programs to protect them effectively. Until now, the leatherbacks' unique shell has thwarted most long-term tagging efforts.

While biologists can glue transmitters to the bony shells of other turtles, the oily, flexible skin that covers the thin, loosely fused, bony plates in a leatherback's carapace resists adhesives. Indeed, Lutcavage spent a semester with chemical engineering students at the Massachusetts Institute of Technology, having them test every glue they could find. The bottom line: "Nothing worked."

Though some biologists have used bolts to attach transmitters to leatherback shells, the metal causes irritation. Eventually, the shell breaks around the bolt -- dropping the transmitter and disfiguring the animal.

The idea of trying biodegradable screws came from Anders G.J. Rhodin, an orthopedic surgeon in Lunenburg, Mass., who has made turtle biology his avocation. The leatherback supplies blood to the bone in its shell "in a way that's characteristic of mammals, but totally different from all other turtles," he says. So Rhodin suggested that Lutcavage take a mammalian approach, piercing the bone with roughly half-inch-long screws made of a synthetic polymer that slowly dissolves. She used screws provided by Instrument Makar of Okemos, Mich.

Threaded through each screw is a nylon suture that ties on the $4,000 transmitter. "As the screws dissolve," Rhodin explains, "they are replaced by bone" that continues to anchor the sutures until they weaken and release the transmitter. Once unburdened, a turtle will swim away with an intact shell, he predicts.

If this approach works, Lutcavage says, her goal will be to tag juveniles and males that are accidentally hauled in by fishing fleets at sea. Indeed, while other sea turtles that encounter fishing gear frequently drown when they get hooked or held underwater, leatherbacks more often survive encounters with fishermen because, as jellyfish feeders, they ignore the hook-ridden bait.
 -- J. Raloff 

Molly Lutcavage tags a nesting leatherback. The transmitter is anchored with biodegradable screws (inset), threaded with a suture, and inserted 

with a special screwdriver (silver).

Playing ball with new carbon molecules

The aesthetically pleasing shape of buckminsterfullerene -- 60 carbon atoms arranged in the pattern of a soccer ball -- captured the imaginations of scientists everywhere when the molecule was first discovered in 1985. Now, two studies have isolated for the first time several members of the fullerene family, one smaller and the others larger than their famous cousin. 

In the June 25 Nature, researchers from the University of California, Berkeley describe their discovery of carbon-36 (C36), the first fullerene smaller than the buckyball. In the June 18 Nature, scientists from TDA Research in Wheat Ridge, Colo., report success in extracting larger fullerenes, notably C74 and C80, from an indeterminate mix of carbon molecules. Previously, scientists had known that bigger fullerenes existed but didn't have a practical way to separate them.

Both studies may help researchers explore the properties of fullerenes in solid form. The larger fullerenes and C36 readily fuse into polymer films. The strong bonds that form between molecules appear to give these solid films electronic and mechanical properties that differ from those of buckyball films.

The most common method of making fullerenes is by sparking two carbon rods together to produce a soot that contains a melange of fullerenes and other carbon compounds (SN: 10/13/90, p. 238). Unlike C60 and C70, neither C36 nor the larger fullerenes are soluble in toluene, an organic solvent, so they cannot be extracted easily from the soot.

The Berkeley researchers, physicist Alex Zettl and his colleagues Charles R. Piskoti and Jeffery Yarger, used two novel methods to isolate C36. One technique produced a hard, black film and the other a fine powder. Using electron diffraction to examine the powder, they found evidence that the C36 molecules bond strongly with each other.

The C36 films seem to be more robust than films of C60, surviving at high temperatures,  says John H. Weaver of the University of Minnesota in Minneapolis.

Moreover, by adding sodium or potassium atoms to solid C36, the researchers could lower the electrical resistance of the material, suggesting that, like C60, it could become superconducting with some modification.

At TDA Research, John M. Alford and Michael D. Diener found a way to make the ordinarily insoluble fullerenes such as C80 dissolve in an organic liquid. After removing the bulk of the C60 and C70, "we add electrons to the fullerenes electrochemically, which breaks the bonds" holding them together, says Alford. The resulting negatively charged molecules dissolve in benzonitrile, allowing the researchers to extract them.

"It's a very convincing demonstration of how to prepare things that we had thought were insoluble," says Weaver.

The electronic structure of the larger fullerenes allows them to polymerize more easily, says Alford. Although this makes them harder to work with than buckyballs, it also gives them some interesting and unusual properties. The same could be said for C36. The two groups are already exploring what those properties might be.  -- C. Wu

Ancient Mesopotamians made rock from silt

Inhabitants of ancient Mesopotamia cultivated crops in the rich soil of the Fertile Crescent. They also took that soil and, thanks to a surprising technological innovation, transformed it into the slabs of rock that they desperately needed for grinding grain and constructing buildings, according to a new study.

Pieces of gray-black rock previously excavated at the second-millennium­ B.C. Mesopotamian city of Mashkan-shapir, located in Iraq, look like natural basalt but were actually manufactured by melting and slowly cooling silt, reports a team led by anthropologist Elizabeth C. Stone of the State University of New York at Stony Brook.

"We were surprised to find this level of technological achievement in ancient Mesopotamia," Stone says. "Potters and metalsmiths probably pooled their knowledge to develop an experimental process for making synthetic basalt that eventually yielded a consistent product."

She and her coworkers first noticed signs of intentional manufacture on several large, basalt blocks that had been found near temple remains at Mashkan-shapir. The slabs were all flat on the bottom and bumpy on top.

Several hundred rock fragments from around the site displayed the same smooth bottom and uneven top surfaces. The chemical composition of this material is unlike known basalts but resembles that of riverborne silt in the region, the scientists report in the June 26 Science.

Both synthetic basalt and silt samples from the Mashkan-shapir area melt at temperatures close to 1,200°C, according to experiments conducted by Stone's group using a covered furnace. When the silt was melted, then slowly cooled at a rate of 1°C per minute, the process  yielded a hard material like that in the ancient slabs.

Only further excavation at the Iranian site, which has been off-limits to archaeologists since the Gulf War in 1990, will determine how ancient Mesopotamians made synthetic basalt, Stone says. For now, she suspects that charcoal and lumps of silt were melted in large furnaces and left to cool for 20 to 40 hours, the time needed for the crystal growth observed in the blocks.

Many researchers hold that Mesopotamian metalworkers did no more than refine and cast imported pieces of copper and bronze. But evidence of at least small-scale copper production exists at Mashkan-shapir and a nearby site from the same time period, Stone maintains. Ceramic and metallurgical workers may have provided innovations, such as large, high-temperature furnaces, for synthetic basalt production, she theorizes.

It remains unclear why synthetic basalt production emerged in the second millennium B.C., comments anthropologist Guillermo Algaze of the University of California, San Diego. The mixing of ceramic and metallurgical techniques suggests "a measure of desperation" in the need for basalt, he says.

Rock has long been scarce in southern Mesopotamia, says David J. Killick, a historian of technology at the University of Arizona in Tucson. It's not surprising that inhabitants of Southern Mesopotamia modified different lines of technology to cook up a basalt substitute, an advance that proved "elegant and exciting," Killick remarks.  
 -- B. Bower  

Chunk of synthetic basalt found in the religious quarter of the Iraqi site Mashkan-shapir.

Ultrasound prevents blood loss in surgery

Surgeons have always had a hard time treating wounds or excising tumors in the liver. Designed to filter blood, the organ's spongy, fragile tissue is difficult to close with sutures, so doctors have trouble controlling the bleeding.

Now researchers at the University of Washington in Seattle report success using preoperative ultrasound to prevent internal bleeding in laboratory animals during surgery. They presented their results at this week's joint meeting in Seattle of the Acoustical Society of America and the International Congress on Acoustics. They plan to apply their findings to human patients within a few years.

Over the years, researchers have tested various techniques to stop bleeding in the liver, including cauterization by electric heaters and lasers, says physicist Lawrence Crum of the University of Washington. These methods generally can control bleeding only at the surface of the organ.

Ultrasound, which routinely provides images of internal organs, is being tailored for new uses by researchers (SN: 8/12/95, p. 100). Groups are both administering pretreatment ultrasound and looking for methods to be used during surgery. 

Scientists can focus ultrasound inside an organ, heating only the hemorrhaging blood vessels until clots form that close them off. The method could also prove useful in other blood-rich organs such as the spleen and, ultimately, the brain, say the researchers.

"We don't know how well it will work in humans. . . . So far, the results [in laboratory animals] are good," says Kullervo Hynynen of Brigham and Women's Hospital in Boston. He has used ultrasound to seal bleeding arteries in laboratory animals.

Washington bioengineer Roy Martin reports that his team used ultrasound treatments of 4 minutes or less to heat the livers of four rabbits and six pigs, creating regions of tissue walled off to blood flow. The team then surgically removed tissue from those regions.

This pretreatment prevented bleeding in the remaining liver tissue from vessels smaller than 3 millimeters in diameter, Martin reported. The group had less success avoiding blood loss from larger vessels, but those are more amenable to suturing. The researchers plan to track the health and life span of treated animals.

The team employed ultrasound of the same wavelength as is used for diagnostic purposes, but with 20,000 times the intensity, Martin says. At the point of action, the ultrasound reached 2,000 watts per square centimeter.

Success with the method could reduce hospitals' dependence on scarce blood supplies and also shorten operations, Martin notes. It could provide options for patients concerned about contaminated blood or others who oppose transfusions on religious grounds.

The Defense Advanced Research Projects Agency contributed $10 million to the University of Washington research. The defense agency hopes that medics might someday use portable ultrasound devices to stop internal bleeding in wounded soldiers before they reach a hospital, Crum says. Untreated, internal bleeding can lead to death within minutes.

Researchers need to learn how to use ultrasound imaging to more precisely locate internal bleeding from wounds, Martin adds. The University of Washington scientists hope ultimately to develop a portable ultrasound device -- something like the exotic medical devices on Star Trek -- that medics could hold outside the patient's skin to both find and treat wounds.                          -- J. Brainard

Clearing the 

Air About 

Turbulence

A fearful flier's foray 

By RON COWEN

It's an embarrassing confession: I'm a space science reporter, but I'm afraid to fly.

It's not the takeoffs. It's not the landings. It's that eternity in between, when the jumbo jet is cruising 30,000 feet above solid ground. Each time the seat belt sign comes on, my heart starts racing and my stomach begins doing flips. 

I dread even the hint of turbulence. 

Despite my fears, I have to admit I've been lucky -- at least until April 16, when I boarded United Airlines Flight 925 from London to Washington, D.C. As usual, I asked to meet the pilots. While we shook hands, the captain, a man named Dan, assured me there would be only "a bit of weather" as we neared the U.S. coast -- and even that promised to be minor. 

The first part of the trip was indeed smooth. When the sign telling passengers to fasten their seat belts came on 6 hours into the flight, there was nary a cloud in the sky, and I had no more than my usual anxiety. Then the plane began shaking violently. Pilot Dan ordered the flight attendants to their seats. 

Up and down, up and down. A few moments of calm and then trapped once more in a plummeting elevator. A rattled stewardess yelled a warning to watch out for objects flying through the air. I gripped my wife's fingers tightly in one hand and my sister-in-law's hand across the aisle in the other. My eyes were shut, waiting for the roller coaster ride to end. Or for the plane to crash. 

Then, after a few last tremors, the turbulence was over. A food cart had tumbled on its side, and the dinner -- not that anyone was hungry -- was in ruins. In a shaky voice, the stewardess announced that the last few minutes had been the worst turbulence she had experienced in 20 years of flying. 

Strapped tightly in my seat, I prayed we would land without another encounter.

Aviation experts define turbulence as random, unpredictable motion that occurs at the boundary between layers of air moving at different speeds. Just as the smooth flow of an ocean wave breaks up into a maelstrom of swirls and eddies when it crashes on the shore, uniformly moving layers of the atmosphere that brush against each other fragment into vortices, and other small-scale disturbances. 

Turbulence is often triggered when energy released by the sun-warmed ground or by a group of forming clouds heats a parcel of air at low altitude. The heated parcel rises, distorting the wind-flow pattern at higher altitudes and generating chaotic motion.

Although rarely powerful enough to toss a 747 around, turbulence is essentially "a natural state of the atmosphere," says Larry Cornman of the National Center for Atmospheric Research (NCAR) in Boulder, Colo. In a thick fluid like molasses, friction between molecules smoothes out differences in motion and allows only broad, sluggish movements. In contrast, air molecules have very little friction between them. Thus, when parcels of air at different speeds encounter each other, they're more likely to break up into turbulent, unpredictable patterns, he notes.

According to the Federal Aviation Administration (FAA), turbulence is the leading cause of nonfatal accidents to airline passengers and flight attendants, costing commercial airlines in the United States an estimated $100 million a year. From 1981 to 1996, the major air carriers reported 252 incidents of turbulence, resulting in 2 deaths, 63 serious injuries, and 863 minor injuries. Seat belts help avoid accidents: Both fatalities and 61 of the 63 passengers who were seriously injured were not wearing them. Last December, turbulence caused a Boeing 747 en route from Japan to Hawaii to plummet 100 feet. An unbelted passenger died after her head hit the ceiling. More than 100 others were injured. 

Pilots and meteorologists don't always know when turbulence will strike, so buckling up only when the seat belt sign comes on isn't a reliable way to avoid injury. Storm clouds and heavy rain are good indicators that turbulence lies ahead, but about half of all passenger aircraft encounters with choppy air occur in cloudless skies, says Cornman. "There may not be a cloud around for 500 miles, yet a plane gets bounced around," says Kenneth Leonard of the FAA in Washington, D.C.

  This kind of clear air turbulence is common above mountains. When an air mass slams into a mountain, it's forced upward. This parcel of air, denser than the surrounding air at that altitude, subsequently sinks back down to below its original height. The oscillations generated as the parcel continues to rise and fall create what's known as mountain-induced, or terrain-induced, turbulence.

  "It takes a while for such a disturbance to settle out, and the [air] could be fairly turbulent downstream of the mountain," says Rodney Bogue of NASA's Dryden Flight Research Center in Edwards, Calif. The effects of mountain-induced turbulence may be felt more than 20,000 feet above a 12,000-foot range, he adds.

The jet stream, a broad ribbon of high-speed air moving from west to east at altitudes of 30,000 to 45,000 feet, also drives clear air turbulence. A craft entirely immersed in the jet stream moves at a steady, uniform rate. Indeed, eastbound planes often fly in the jet stream to take advantage of the wind pushing them along. At the boundaries of the stream, however, where it moves over slower air, wind shear can generate severe turbulence. In winter, when the stream lies at lower altitudes and latitudes, such turbulence is more common, Cornman notes.

Complicating matters, the distinction between clear air turbulence and convective turbulence, in which storm clouds play a major role, is not always clear-cut, notes Cornman. Unsettled weather can create convective turbulence 20 miles away, in regions where clouds may be few and far between.

Convective turbulence is more prevalent during spring and summer, when storms over North America are more frequent, he adds. Radar systems, which bounce radio waves off raindrops, ice, and snow as many as 60 miles ahead of a craft, can warn pilots of suspicious weather patterns 10 minutes in advance. 

Researchers are investigating whether radar could detect convective turbulence more directly by tracking the motion of rain or ice particles entrained in a turbulent region. "This would be a new use for [on-board] radar," says Leonard. 

First, notes meteorologist David Pace of General Sciences Corp. in Laurel, Md., "we have to determine exactly what the signature of different types of turbulence looks like." He notes, for example, that if ice or rain particles are moving at wildly different speeds and directions -- an indicator of turbulence -- the frequency of the reflected radio wave will shift to higher or lower values, resulting in a wider spread in the frequencies of the reflected spectra.  

"If we can develop an algorithm that will help us determine where turbulence is or where it might develop, based on something reflecting off the radar beam, that would improve both detection and forecast of turbulence," says Leonard. 

Detecting clear air turbulence poses a greater challenge, notes Cornman. Radio waves can only sense relatively large particles, such as rain or frozen water. In clear air, where no such particles exist, radar cannot detect turbulence.


To help accomplish that feat, researchers have developed a laser system that shoots a beam of infrared light into the craft's flight path. Tiny dust particles, volcanic ash, and other natural aerosols, many less than a micrometer in diameter, reflect the laser light back to its source. If these particles happen to be entrained by turbulence, their swirling motion changes the frequency of the reflected light.


Scientists tested a laser device in the mountain ridges of Colorado in late March and early April. During 15 hours of flying, light and moderate turbulence were detected 3 to 4 miles ahead of a research aircraft. "The system measured the turbulence, and then we felt the buffeting motion as we flew into it," says Bogue.

He adds that tests of the system on commercial aircraft may begin within 3 years. Developed by Coherent Technologies of Lafayette, Colo., in conjunction with NASA, the laser system may provide adequate warnings on passenger craft in 5 to 7 years.

Another detection strategy relies on the premise -- as yet unproved -- that turbulence produces traveling sound waves that can be detected by a craft miles away from the choppy air. This early warning system employs low-powered laser light that travels just a short distance, over a set path, before being reflected back to its source. The speed of the laser light, and hence its travel time, may vary with changes in atmospheric pressure induced by the sound waves.

"Sound waves generated by turbulence propagate through the atmosphere and have unique characteristics that we can detect, classify, localize, and track," asserts Sam Kovat, chief executive officer of Flight Safety Technologies, a New London, Conn., company that designed the experimental laser system. 

At Kennedy International Airport last month, scientists tested a two-laser, ground-based version of the system known as Socrates. It will take 3 to 5 years to perfect a ground system capable of detecting turbulence 100 miles away, says Kovat, and several more years before a system can be tested in the cockpit. Cornman cautions that if turbulence does generate sound waves, a supposition that is by no means certain, the waves may be too weak to be detected 100 miles from where they were created. 

Mountains loom above Alaska's Juneau airport, severely limiting departure routes and creating complex wind patterns. To take off safely, pilots typically have to execute a hairpin turn as the craft gains altitude. "It's one of the few airports where the pilots have to brief the passengers that they're going to be making a sharp 30° bank to the left and a sharp 30° bank to the right and then turn around," says Leonard.

Depending on the direction and speed of the prevailing winds, some turbulence is almost inevitable, he adds. Even veteran flier Cornman got sick to his stomach when his research craft flew in and out  of the choppy air above Juneau for 2 hours.

To reduce the risk of accidents at the airport, the FAA and NCAR are attempting to develop a detection and early warning system. To measure wind speed more accurately, Cornman and Robert Barron of NCAR have set up a trio of ground-based devices known as Doppler wind profilers. These instruments gauge wind speed and turbulence, in 180-foot increments, from the ground to altitudes as high as 1.5 miles. 

Scientists at Juneau are also examining a set of radar devices, normally used to detect turbulence at low altitudes in the presence of rain or snow, to test whether these instruments can also detect turbulence at higher altitudes. In addition, the team is testing a laser system to search for turbulence in clear air.

Cornman and other scientists are also working to improve long- and short-range forecasting of turbulence. To that end, they plan over the next few years to install devices on several hundred passenger planes that will automatically record and relay the severity of an encounter with turbulence. Rather than rely on subjective reports from the pilot, which may not be made until many minutes after the event, researchers will have immediate, precise data. The information will also warn other pilots of turbulent conditions and be used to refine forecast models.

At the same time, NCAR scientists are developing a fuzzy logic forecast system in which selected turbulence-related parameters are fed into a computer model. Data that work best to help predict mountain-induced turbulence, for example, will be restricted to forecasting choppy air under those conditions and might be ignored in calculating storm-related disturbances. Cornman hopes to have a version of the new model in widespread use by next winter.

"It's not hard to do a better job than what's out there," he says.

Turbulence may be scary, but encounters at cruising altitudes rarely cause serious injuries. The atmosphere provides a relatively stable platform for aircraft, says Cornman. "If you're at high altitude, there's very low probability of crashing. It would take an incredible amount of force to turn [a plane] over or put it out of control. The craft may go up and down like crazy; it does feel unstable, but if you look at the average motion, it's still zero.

"There's a continuum of turbulence encounters, from little bumps to pretty good bounces to very severe motion, where people get thrown to the ceiling, but most [encounters] are moderate," assures Cornman.

At considerably lower altitudes -- below 1,000 feet -- the probability that turbulence would affect the plane "to the extent that you lose control is a lot greater. There's less room to recover, and you're typically going slower at a lower altitude, so there's less lift," says Cornman.

Turbulence and wind shear at the lowest altitudes -- during takeoff and landing -- are much more dangerous than anything you encounter at cruising height, adds Cornman.

Oh, no. Takeoffs and landings. Something new to worry about.
n

Flying over mountain ridges in Colorado, researchers are testing an experimental laser system designed to detect turbulence in clear air and provide advance warning.

Produced by the strong winds circulating around Alaska's Mt. McKinley, this cloud creates atmospheric disturbances that may generate severe turbulence.

Earth Science

Seabed seismic scan shows melt zone

Most of the Earth's crust forms when partially molten rock oozes from the planet's interior, emerging at mid-ocean ridges where the sea floor is spreading. This internal process has been largely hidden from the eyes of researchers. Using seismic sensors, however, scientists now have produced detailed images of magma under an ocean ridge.

Results of the Mantle Electromagnetic and Tomography Experiment, reported in the May 22 Science, offer the first evidence that molten rock, called melt, occupies a wider and deeper area under the East Pacific Ridge than some researchers had predicted.

The seismic readings, together with data from electromagnetic sensors, will help researchers develop new models of how seabed crust forms, says Donald W. Forsyth, a geologist at Brown University in Providence, R.I. He coordinated the imaging project, one of the largest marine geophysical studies.

Researchers from seven institutions deployed 51 seismic monitors on the ocean floor traversing the East Pacific Ridge about 4,000 kilometers west of South America. For six months ending in May 1996, the detectors recorded waves from a series of earthquakes around the world. The waves tended to slow down as they passed through regions of melt, which is less dense than surrounding rock. This allowed scientists to map the melt, the seismic equivalent of medicine's CAT scan.

The imaging results suggest the melt area is as much as 600 km wide, at least 170 km deep, and skewed to the west of the ridge. The finding contrasts with theories that predicted the melt was located either in a broad but shallow horizontal plane or in a thin, vertical plane falling directly beneath the ridge. Some researchers have suggested that melt might rise from deep in the earth's mantle, but the findings tend not to support that view, Forsyth says. 
 -- J.B.

An ever taller Everest?

A team of American climbers last month launched an effort to measure whether the world's tallest mountain is growing higher and, if so, at what rate. Wally Berg of Copper Mountain, Colo., successfully planted a Global Positioning System (GPS) receiver within about 60 feet of Everest's summit. It recorded altitude data for 5 days until another climber retrieved it. Climbers will take a second measurement from the same spot, where Berg screwed in a metal plate, in a few years.

Using GPS measurements from other locations and conventional surveying methods, researchers have estimated that Everest is rising an average of 1 to 2 inches per year, pushed up by the collision of India's continental plate with Asia's. However, erosion of the summit may ensure that record books need not be revised, says Charles Corfield of Palo Alto, Calif., science officer for the American climbing team.

The most widely accepted estimate of Everest's height, 29,028 feet, is inexact because of the limits of traditional surveying techniques. Previous GPS readings from the summit were imprecise because the rocky peak is covered by a snowcap of unknown depth that grows and shrinks over the year.

The new data recorded near the summit are the most accurate to date because Berg activated the receiver at a rocky outcrop not covered by snow. In addition, the data were cross-checked against GPS readings at nearby, lower elevations, Corfield says. 

Because they can indicate the buildup of seismic stress, the readings may help researchers predict the next earthquake in the Himalayas.

The climbing team that planted the receiver is affiliated with Bradford Washburn, a noted Himalayan cartographer and founding director of the Boston Museum of Science. 
 -- J.B.
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