Charging Ahead: The Business of Renewable Energy and What It Means for America -- John J. Berger. Current stable energy prices reduce concerns about securing alternative sources of energy. However, scientists are steadily making technological advances in the areas of geothermal, solar, wind, and other power. Berger surveys these fields to show the practicability of these alternatives to fossil fuels, both technologically and economically. Originally published in hardcover 1997. U CA Pr, 1998, 399 p., b&w photos, paperback, $18.95.





The Earth in Turmoil: Earthquakes, Volcanoes, and Their Impact on Humankind -- Kerry Sieh and Simon LeVay. A chronicle of the United States’ most significant quakes and eruptions, this book includes current theories of why these events occur and how to predict them. The San Andreas Fault is the focal point of Sieh’s research career, and he devotes three chapters to this fault. However, the text is well-informed on all fronts. The methodology of and insight gleaned by seismologists, geologists, and volcanologists is revealed while the interrelationship of earthquakes and volcanoes is depicted. Neuroscientist LeVay guards against geologic jargon. WH Freeman, 1998, 324 p., color plates/b&w photos/illus., hardcover, $24.95. 





Eco Homo: How the Human Being Emerged From the Cataclysmic History of the Earth -- Noel T. Boaz. Working from the assumption that humankind arose in Africa, Boaz sets forth eight hypotheses that link the genetic development of our ancestors to Earth’s climatic and ecological fluctuations. He even contends that human culture emerged in response to rapid environmental changes during the Pleistocene Glacial Maximum, saving our species from extinction. Boaz’ wealth of paleoecological theorizing includes a link between the evaporation of the Mediterranean Sea between 5 and 6 million years ago and the spread of the Sahara Desert, which split the hominid and chimpanzee lineages. Originally published in hardcover in 1997. Basic, 1998, 278 p., b&w illus., paperback, $14.00.





Geometry Civilized: History, Culture, and Technique -- J.L. Heilbron. By blending the history of Euclid and the Greeks with a dash of Chinese mathematics and an introduction to plane geometry and trigonometry, Heilbron seeks to communicate the origins, cultural importance, and fundamentals of geometry and relate them to practical situations. Brimming with sample equations and diagrams, Heilbron aids students in mastering these fields. OUP, 1998, 309 p., illus., hardcover, $65.00.


Hungry Hollow: The Story of a Natural Place -- A.K. Dewdney. A mathematician by trade, Dewdney considers himself a biologist/naturalist as well. He practices his avocation in the forested areas around his home, which he calls Hungry Hollow, a name he gives to all such areas in the Eastern United States. Dewdney profiles flora and fauna prevalent in these areas and weaves in poetic chapters on the life and death processes of the ecosystem. Writing from the vantage point of an ant or a house sparrow, Dewdney imparts a sense of the diversity and dynamics of the deciduous forest. Copernicus, 1998, 233 p., illus., hardcover, $26.00.





NASA and the Exploration of Space -- Roger D. Launius and Bertram Ulrich. Norman Rockwell and Robert McCall represent two of the 100 or so artists whose work constitutes this unique retrospective of the NASA program. From the outset, NASA commissioned artists to render the emotional spirit of the agency’s work. These works are compiled with a written history of the space program in celebration of NASA’s 40th anniversary. Stewart Tabori & Chang, 1998, 224 p., color photos/illus., hardcover, $60.00.





Phantoms in the Brain: 


Probing the Mysteries of the Human Mind -- V.S. Ramachandran and Sandra Blakeslee. In his position as director of the Center for Brain and Cognition at the University of California, San Diego, Ramachandran receives and studies many patients whose symptoms have baffled other physicians. The authors describe the “phantom” experiences of some of these patients: experiencing feeling in missing limbs, having the conviction (and even symptoms) of being pregnant when not, and seeing cartoon characters cavorting in one’s field of vision. Here, Ramachandran and Blakeslee link the mechanisms of the brain to facets of the self such as body image and belief systems. They propose that the brain is constantly updating its model of reality. Morrow, 1998, 328 p., hardcover, $27.00.





Sex on the Brain: The Biological Differences Between Men and Women -- Deborah Blum. As the mother of two boys, science writer Blum finally became convinced that the differences between men and women go deeper than culture. She covers the territory from Venus to Mars with style and intelligence, surveying a wealth of information on male and female brains, emotions, and hormones. Blum also reports on strides being made in the understanding of sexual orientation and its relationship to testosterone and estrogen. Originally published in hardcover in 1997. Penguin, 1998, 329 p., paperback, $13.95.





A little under the weather


“Livestock’s role in antibiotic resistance” (SN: 7/18/98, p. 39) describes efforts to link the feeding of antibiotics to livestock and the appearance of antibiotic-resistant strains of human bacterial diseases. How does feeding antibiotics to livestock promote the animals’ growth?


John A. Covert


Livonia, Mich.





When animals are sick -- even with low-level asymptomatic disease -- their bodies must divert energy into fighting germs or repairing damaged tissue. When disease is headed off with antibiotics, animals can divert a greater proportion of their energy -- that is, food -- into growth, says Michael J. Phillips, director of the National Research Council program that issued the new report.	  -- J. Raloff





Seeing through cats’ eyes


You described how the intuition of an experienced fire-fighter saved his comrades’ lives (“Seeing through Expert Eyes,” SN: 7/18/98, p. 44). Experts do indeed have an edge over novices, because many of the situations they deal with could never be adequately described in a book or class. Your story called to mind an experience I had one day, entering our barn where I always milk my goats. Instead of moving directly to the milking bench, I hesitated just inside the door because I sensed something was wrong -- the cats were acting strangely. Glancing around, I spotted a rattlesnake coiled under the milking bench. The cats and my intuition saved me from an almost certain bite.


Phyllis Mervine


Ukiah, Calif.





Hard criticism


The article (“As Hard as Diamond,” SN: 7/11/98, p. 28) on the “harder than diamond” errors or scams was far too gentle in its reports on the track record of theoreticians helping in making materials. For 70 years, chemists using crystal-chemical theory have been enormously successful in creating not just one but thousands of new materials with desirable properties. For the same 70 years, physicists have been trying to use their extremely primitive theories to do the same. They have been unable to predict and make a single new phase. Let’s stop this gross misuse of taxpayer money till someone comes up with a palpable piece of a new material of any use made on the basis of such theory.


Rustum Roy


Pennsylvania State University


University Park, Pa.





Guide and sniff


If William Dreyer’s idea that olfactory receptor proteins guide embryonic development (“Dialing up an Embryo, “ SN: 8/15/98, p. 106) is correct, it brings up the question of which function came first. A multicelled organism would have to have some sort of system to guide development. Maybe later, this ability to recognize molecules found use in sensing external molecules. Or did a receptor system found in even single-celled organisms (which would need to sense the outside world) find use as a guidance system when multicelled organisms evolved? I wonder if similar receptor proteins are found in modern single-celled organisms.


Jonathan W. Foise


Mentor, Ohio





Second Group of Living Fossils Reported


A second population of one of the most sought-after fish on the planet, the coelacanth, has turned up because a honeymooning reef ecologist got out of a taxi at the right moment.


Mark V. Erdmann, a University of California, Berkeley  biologist working in Indonesia, spotted a dead coelacanth on a handcart as he and his bride arrived at a fish market a year ago. Another catch this July, as well as local lore, convinced Erdmann that the Indonesian island of Manado Tua has living fossils in its reefs. If genetic analysis and further exploring prove him right, Indonesian coelacanths will complement the only ones previously known, a group living in waters outside Africa’s Comoro Archipelago, 10,000 kilometers west.


The notion that coelacanths survive in just two groups so far apart strikes Erdmann as unlikely, and he hopes for more discoveries. “This should be welcome news for coelacanth conservation,” Erdmann and his colleagues write in the Sept. 24 Nature.


The news shouldn’t be too welcome, though, cautions coauthor Roy L. Caldwell, also from Berkeley. Sightings have been so rare that he can’t believe the fish is common. “The worst possible thing that could happen is if people make that assumption and the interest in protecting the Comoro population decreased,” he says. 


That’s worrisome, agrees Hans Fricke, a coelacanth specialist at the Max Planck Institute for Behavioral Physiology in Seewiesen, Germany. “I feel deep sadness for the Comorans,” Fricke says. “They were very proud to be the only ones on Earth to have this fish.”


Fricke takes seriously the evidence for a second coelacanth homeland. Neither storms nor currents could sweep the African fish as far as Indonesia, he says. “I’m convinced that this is a new population.”


That conclusion seems reasonable to David L.G. Noakes, who studies coelacanths at the University of Guelph in Ontario. He frets about the potential for a black market, even though an international treaty protects the fish. “You can’t do much with it other than hide it under the bed,” Noakes fumes. He also fiercely condemns a myth that the fish’s notochord fluid brings eternal life. 


 Coelacanths are interesting in their own right, he says. Their fins move like the limbs of animals walking on land, and they are cousins to lungfish, the oldest living relatives of tetrapods. Also, coelacanths bear live young. Inside the female, the eggs are “big as a grapefruit, the largest in any animal,” Noakes reports.  


Until 1938, scientists knew coelacanths only from fossils, which petered out some 80 million years ago. Then a trawler brought a living specimen up off South Africa, sparking fevered searching. Jacques Cousteau failed to find one, and Japan’s Toba Aquarium spent millions to no avail.


Erdmann followed the dramas avidly as a boy but hadn’t kept up, so he didn’t know whether scientists had reported an Indonesian population. “Probably the stupidest thing I ever did was not buy that fish,” he says.


Erdmann did take a few pictures. Only when he showed them to Caldwell did he learn the importance of the fish he let get away. Erdmann spent almost a year interviewing fishermen before a crew brought him another coelacanth, feebly alive. None had ever survived capture, so he and his wife put the fish back into the water and donned scuba gear to accompany it on its slow, final swim. He says, “That was a magical experience.” 	 -- S. Milius


A 64-pound coelacanth caught in Indonesia suggests an unrecorded population.





Gene differs in early birds and night owls





Some people jump out of bed the minute the alarm sounds or, even more annoying to fans of the snooze button, are already up and exercising, making breakfast, or working. They’re the morning people, a perplexing mystery to the night owls, who may not hit their stride until the 11 p.m. news ends.


A team of scientists now suggests that this behavioral split stems, at least in part, from differences in one of the genes that run the body’s biological clock, the internal timepiece that helps determine when people feel like sleeping, eating, and performing other activities. In the Sept. 15 Sleep, the group reports that people who prefer mornings tend to have one version of the gene, while more evening-oriented folks usually have another.


Investigators have recently begun to look at the behavioral impact of polymorphisms, natural variations within a gene (SN: 9/12/98, p. 167). In animals, differences within biological-clock genes can profoundly alter when the creatures perform daily activities such as exercise or sleeping.


Emmanuel Mignot of the Stanford University Sleep Disorders Center in Palo Alto, Calif., and his colleagues looked at a polymorphism in Clock, a gene that encodes a protein crucial to the mammalian biological clock (SN: 7/11/98, p. 24). The researchers hypothesized that differences in the gene’s DNA sequence might alter the timing of a person’s clock, predisposing them to morning or evening alertness.


They asked 410 people to fill out a questionnaire designed to evaluate timing preferences for sleep and other activities. They also classified each person by whether, at a particular point in the gene’s overall sequence, his or her two copies of Clock contained the DNA subunit cytosine or thymine.


A statistical analysis indicated that people with two thymine versions of the Clock gene are more morning oriented than those with one or two copies of the cytosine form. The difference wasn’t large, however. Asked questions including when they typically wake up or get tired, people with the cytosine form of Clock gave answers that, on average, trailed the thymine group by 10 to 44 minutes.


Since the polymorphism studied is not within the protein-encoding part of the gene, Mignot suggests it merely serves as marker for a polymorphism not yet discovered. “The Clock gene is huge. There could be something else going on,” he says.


Although disappointed that this initial polymorphism doesn’t seem to fully explain the large behavioral differences seen in people, Thomas Wehr of the National Institute of Mental Health in Bethesda, Md., notes that scientists have only recently discovered several genes involved in the human biological clock. For future studies that could uncover polymorphisms with much stronger influences on the clock, Wehr and other scientists are now identifying people who are extremely morning- or night-oriented. 


Mignot’s study “is the first, and it may not be the most dramatic,” Wehr says, “but it’s a sign of things to come.” 				                -- J. Travis





A dozen new planets . . . and still counting





Just last month, the number of known planets orbiting stars similar to the sun stood at 10 -- one more than within the solar system (SN: 8/8/98, p. 88). The official count has now risen to an even dozen, with the likelihood that several other candidate objects will soon boost the population to 15 or 20.


“We may be announcing a new planet every 2 months,” says R. Paul Butler of the Anglo-Australian Observatory in Epping, Australia. Too dim to be seen, planets betray their presence by their tug on the stars they orbit.


In a separate study, new images of dust around one star indicate that it hosts a full planetary system rather than a single planet.


The two latest planets, which Butler announced at the Carnegie Institution of Washington (D.C.) on Sept. 9, each have a special niche. A planet orbiting the star HD210277, discovered by the Keck 1 Telescope atop Hawaii’s Mauna Kea, is the first whose average distance from its parent star is nearly the same as Earth’s distance from the sun.


Often used as a yardstick, the Earth-sun separation is defined as 1 astronomical unit (AU). The new planet lies at an average distance of 1.15 AU from its host star. The planet is far heavier than Earth, at least 1.36 times as massive as Jupiter, and has a much more elongated orbit. The planet ventures closer to its host star than Venus’ average distance from the sun and farther away than Mars’ average distance. The parent star is 68 light-years from Earth. 


The other new planet, orbiting the star HD187123, is closer to its host than any other planet found so far. The star is 156 light-years from Earth. Butler and his colleagues, including Geoffrey W. Marcy of San Francisco State University and the University of California, Berkeley, will report details in Publications of the Astronomical Society of the Pacific. The orbiting body, which has at least half the mass of Jupiter, whips around the star once every 3.095 days and lies 0.042 AU from its parent, one-ninth the average distance of Mercury from the sun. 


That makes the object a real hotty -- along with three other recently found planets that orbit within the blistering outer atmosphere of their host stars. Like all planets, these objects arose from disks of gas, dust, and ice that surrounded the parent stars in their youth. According to a popular theory, massive planets arise at Jupiterlike distances from their star and can migrate inward by flinging material toward the outer part of the disk. This suggests that stars with migrating planets have unusually dusty disks that should be easy to detect.   


That’s just what David E. Trilling and Robert H. Brown of the University of Arizona in Tucson found when they examined the region surrounding the star 55 Rho1  Cancri, already known to harbor a closely orbiting planet. 


 Using NASA’s Infrared Telescope Facility atop Mauna Kea, the researchers blocked out the star’s bright light and spied a dusty disk extending at least 40 AU from the star. That’s roughly the same distance at which the Kuiper belt, the solar system’s reservoir of dusty comets, lies from the sun. The disk around 55 Rho1 Cancri, however, appears to contain about 10 times as much material. The excess, says Trilling, “is a nice confirmation of the theory . . . that the planet migrated in” and pushed dust out.


“Although I haven’t seen the data . . . the explanation seems very plausible to me,” says Michael Jura of the University of California, Los Angeles. 


“We’re trying to be very cautious,” Trilling adds, “but a Kuiper belt is almost certainly what we’re looking at.” The disk, which may represent debris from the formation of several planets, is the first seen around a middle-aged, ordinary star, he says. “There’s real evidence that this is a fully mature planetary system.”  


The team plans to unveil an image of the disk next month at a meeting of the American Astronomical Society in Madison, Wis. A description of the team’s work appears on the Web site “The Extrasolar Planets Encyclopaedia” (http://wwwusr.


obspm.fr/departement/darc/planets/encycl.html). 	 -- R. Cowen 





Progestin enhances an anticancer process





Taking birth control pills for a few years decreases a woman’s risk of getting ovarian cancer later in life. With egg release stopped, the ovaries’ outer lining  undergoes less wear and tear, which scientists have theorized makes abnormal cell growth less likely.


Indeed, a woman who takes birth control pills for only 3 years -- less than 10 percent of the typical 40 years of fertility -- can lower her ovarian cancer risk by 30 to 50 percent, studies have shown. This surprising level of benefit led scientists at Duke University Medical Center in Durham, N.C., to suspect that the pills, besides preserving the ovarian lining, can trigger some process that actively thwarts cancer.


The researchers now find that cynomolgus macaque monkeys getting the hormone progestin had a high rate of programmed cell death in their ovaries. This process, called apoptosis, allows the body to dispose of cells damaged beyond repair -- a function necessary to avoid aberrant cell growth that can lead to cancer. Disruption of apoptosis has been seen in other cancers. 


The new findings indicate that progestin enhances apoptosis, which may explain some of the protection that birth control pills impart, says study coauthor Gustavo C. Rodriguez, a gynecologic oncologist at Duke. 


The researchers gave 55 female monkeys oral contraceptives containing a synthetic version of the hormone estrogen, progestin, or both. Twenty other monkeys receiving no contraceptives served as a control group.


After nearly 3 years, ovarian lining from the monkeys getting the contraceptives that contained progestin showed significantly more apoptosis than tissue from the control group or the estrogen-only group. About 3.9 percent of ovarian cells in the control group and 1.8 percent of cells in the estrogen-only group were undergoing apoptosis, compared with 24.9 percent of cells in the progestin-only group and 14.5 percent in the monkeys getting a birth control pill containing both hormones, the researchers report in the September/October Journal of the Society of Gynecological Investigation.


“This is interesting, but it needs to be confirmed with more control animals,” says Gabriel Nuñez, a pathologist and molecular biologist at the University of Michigan Medical School in Ann Arbor. He notes that ovaries were taken from the control group at random times during the monkeys’ ovulatory cycles, so the tissue samples presented a range of apoptotic cell counts, blurring the comparison.


Rodriguez notes that while the controls’ apoptosis readings did range widely, most of these tissue samples came from monkeys in the phase of their monthly cycle that follows ovulation. The ovaries are then secreting a natural form of progestin called progesterone. Despite that, “we still see significantly more apoptosis in the monkeys that had received birth control pills with progestin,” he says.


The new apoptosis data complements a theory that attempts to explain why 140,000 women die of ovarian cancer worldwide every year. Without contraceptive pills, the string of monthly ovulations in a woman’s fertile years is usually broken only by pregnancy and breast feeding. These respites lessen ovarian lining damage. But as women have fewer children, they ovulate more times. The body repeatedly makes eggs, thrusts them out of the ovary, and then repairs the breach (SN: 7/5/97, p. 7).


“We’re not doubting that this disruption and repair increases the cancer risk,” Rodriguez says. However, he believes that progestin’s ability to promote apoptosis in the ovarian lining could represent an additional protective effect of oral contraceptives against cancer.	 -- N. Seppa





Ceramics cling to long bacterial strings





Many scientists have been looking to nature for ideas on how to make useful materials, an approach known as biomimetics. They are not only patterning materials after natural ones but also using organic matter to guide the assembly of inorganic structures -- the same strategy that mollusks use to make their shells, for example.


Stephen Mann and his colleagues at the University of Bath in England have now recruited mutant bacteria to help them make ceramic fibers. By dipping long threads of the bacteria into suspensions of inorganic particles that are a few nanometers in size, the researchers have produced fibers of magnetite, cadmium sulfide, and titanium dioxide. The structure of the resulting fibers -- inorganic matter on an organic scaffold -- varies depending on how the materials interact with the bacteria.


Using bacteria as templates “has great potential,” says Richard M. Laine of the University of Michigan in Ann Arbor. “If you can tailor the bacterial microstructure, then you can use biology to direct where the ceramics go. I think that it’s a potentially hot area.”


The Bath researchers used a mutant strain of Bacillus subtilis provided by Neil H. Mendelson of the University of Arizona in Tucson (SN: 2/12/94, p. 106). Unlike normal B. subtilis, the mutant cells don’t separate completely into two cells when they divide. Instead, they remain connected, growing and elongating into a twisty chain.


The chains get easily entangled, Mendelson says, so dragging them out of their growth solution “pulls up thousands of bacterial filaments, which coalesce and dry into a single, hairlike structure up to a meter in length.” These strands serve as the templates in the Bath group’s study, which appears in the Sept. 21 Chemistry of Materials.


Each of the three materials the researchers tested interacts differently with the bacteria, depending on whether it carries a positive or negative charge. Negatively charged particles of magnetite, an iron oxide, penetrate the thread, densely packing the spaces between the bacteria. The resulting structure can be suspended from a magnet but has no strength without the bacteria to hold it together. It crumbles if the researchers burn off the organic matter.


Neutral grains of the semiconductor cadmium sulfide don’t penetrate the thread as well as magnetite, tending to collect mainly on the outside of the strand. Positively charged particles of titanium dioxide, a white pigment, don’t penetrate the thread at all and form a surface coating a few micrometers thick. 


Last year, Mann and his group used bacterial templates to make porous silica fibers. The current study takes the technique beyond silica, making it a more general approach, Mendelson says. “The whole idea is that you can use bacterial threads in clever ways to interface with inorganic chemistry.”


Bacterial templates allow scientists to design materials with features in the micrometer- and centimeter-size range -- larger than is possible with templates made from proteins or other molecules. These nonbacterial templates can generate structures similar to those that Mann’s bacteria produced, Laine says, but he admires Mann’s technique as “a unique use of biological materials.” 	 -- C. Wu


A bacterial strand impregnated with magnetite hangs from the end of a magnet (left). A coat of titanium dioxide (right) cracked into plates when it dried on the surface of a bacterial thread.





Calcium gives black teens heart benefits





African Americans face more than twice the risk that whites do of developing high blood pressure, a major risk factor for atherosclerosis. This hypertension, which also tends to develop earlier in blacks, underlies a stroke rate that is 80 percent higher than that of the general U.S. population and a 50 percent higher mortality rate from heart disease. A new study indicates that among healthy black teenagers, consuming adequate calcium can help hold blood pressure down. 


“When you have a problem as prevalent as hypertension [in blacks] and find an agent that can reduce that problem early in life, it may end up having enormous public health consequences,” observes study leader James H. Dwyer, an epidemiologist at the University of Southern California School of Medicine, Los Angeles.


In the early 1980s, several studies found increased hypertension in persons with diets low in dairy products. Although such foods are rich sources of calcium, they also contain many other minerals that might be protective, complicating the interpretation of the results. In the new study, Dwyer’s team isolated calcium’s potential role in young blacks by giving supplements of the mineral to 65 girls and 51 boys.


For 8 weeks, on school days a high school nurse administered to each participant either a 1.5-gram calcium supplement or a look-alike tablet containing no nutrients. Most agreed to switch to the opposite type of tablet for a second, 8-week period. Twenty switched yet again, back to the first tablet, for a third phase of the study. Every 2 weeks, the researchers took the blood pressure of those who were still participating in the trial.


On average, diastolic pressure fell by 2 millimeters of mercury (mmHg) during periods when the teens received the extra calcium. The diastolic pressure is the vascular system’s low point, occurring when the heart’s chambers are filling with blood. The greatest drop -- almost 5 mmHg -- occurred among teens reporting diets low in calcium, Dwyer’s team says in the September American Journal of Clinical Nutrition.


Systolic pressure, the system’s maximum, occurs as the heart contracts and pumps blood. Calcium pills had no effect on this pressure -- except perhaps in the teens whose diets were low in calcium.


Though blood pressure was within the healthy range in all of the students, Dwyer notes that without the calcium supplement “they tended to be in the top half of the normal distribution.” The 5­mmHg drop in diastolic pressure seen in the low-calcium group, therefore, “would be sufficient to bring a large proportion of them below the average,” he says. In fact, he notes, this diastolic-pressure drop is roughly equivalent to what has been observed in some adults who follow a low-fat, heart-healthy diet or who take blood-pressure medicine.


The finding that calcium supplements confer the greatest blood-pressure benefit on those with the lowest dietary calcium intake is consistent with what’s been seen in adults, observes Janice Lea of the Emory University School of Medicine in Atlanta. Moreover, she notes, because heart disease can begin in youth, the new findings reinforce that “it’s important to target young people and educate them about appropriate diets.”


Though this new study hints that many black children might benefit from calcium supplementation, “we’d need a lot more studies to know for sure,” maintains Elijah Saunders of the University of Maryland School of Medicine at Baltimore. Indeed, he says, compared to many other hypertension risk factors, such as excessive sensitivity to dietary salt (SN: 5/3/86, p. 280), stress, eating too little potassium, or obesity, “I don’t think that calcium is a major player.”


However, he adds, “this new study is interesting,” and its findings deserve further investigation. 	 -- J. Raloff





A step closer to an atomic-based kilogram?





Among global standards for length, mass, time, and other fundamental quantities, only the kilogram remains a physical object -- a carefully machined cylinder of platinum-iridium alloy at the International Bureau of Weights and Measures at Sèvres, France.


Because the cylinder collects dust and in other ways slightly changes mass with age -- and might be lost or stolen -- the stewards of the world’s measurement system are eagerly seeking a new standard based on a carbon atom’s mass or other fixed quantity of the atomic world (SN: 9/24/94, p. 199; 1/28/95, p. 63).


Toward that goal, researchers at the National Institute of Standards and Technology (NIST) in Gaithersburg, Md., report that by weighing the kilogram against an electromagnetic force, they have measured a fundamental physical quantity, known as the Planck constant, with twice the precision of previous experiments. The Planck constant serves numerous roles in quantum mechanics, including setting limits on how much can be simultaneously known about a particle’s momentum and position.


Although the new measurement falls short by a factor of 10 of the accuracy needed to redefine the kilogram, it takes an important step in that direction, metrologists say. “We make a connection between the atomic world and the macroscopic world for the property of mass,” says Edwin R. Williams, leader of the NIST team. The researchers linked those worlds by balancing an exact copy of the French kilogram against a force already defined by atomic-scale quantities. They used a balance so delicate that it is housed in its own building and operated outside regular office hours to avoid vibrations.


Reporting in the Sept. 21 Physical Review Letters, the NIST group gives a new value for the Planck constant of 6.62606891 X 10-34 Joule-seconds, with an uncertainty of 87 parts per billion, less than half the uncertainty of prior measurements. The improvement in the Planck constant -- the first in a decade -- will also benefit other fundamental scientific constants, whose official values will soon be revised, Williams says. The Planck constant underlies a half-dozen of them and could serve as the basis for redefining the kilogram in terms of absolute physical quantities.


The NIST measurement is “of great importance to basic physics and metrology,” says Erich Braun of the German standards institute, the Physikalisch-Technische Bundesanstalt in Braunschweig. A team there is trying to redefine the kilogram by counting the number of atoms in a kilogram of silicon. 


So far, their precision cannot match either NIST or the National Physical Laboratory in Teddington, England, where the balance method originated. Improvements already installed at the English balance and expected next year at NIST promise to improve precision to the point that the atomic kilogram could become a reality.	 -- P. Weiss


A kilogram weight on this sophisticated balance exerts a downward force that is countered exactly by the electromagnetic force generated when current flows in the movable coil in the superconducting magnet’s field. By measuring the current, researchers link the upward force to ultraprecise constants that could be used to define an atomic-based kilogram.





As globe warms, atmosphere may shrink


With tongues nowhere near their cheeks, British scientists report this month that the sky is actually falling. Radar measurements show that the upper atmosphere has contracted since 1958, matching the predictions of greenhouse warming theory.


The atmospheric physicists used radar installations in the Falkland Islands and along the Antarctic coast to probe the thermosphere -- the region of the atmosphere above 85 kilometers, where atoms are scarce and the sky blends seamlessly into space. The radar waves shot upward and reflected off a layer of charged atoms, called the ionosphere, at an altitude of about 300 km. By measuring the time it took the radar signal to return to Earth, the researchers could track changes in the height of the ionospheric layer within the thermosphere.


From 1958 through 1995, the average ionosphere height dropped by 8 km, according to the group’s report in the Sept. 1 Journal of Geophysical Research. “There does appear to be a global reduction in the altitude of the ionosphere. The best explanation is linked to the increase in greenhouse gases,” says Martin J. Jarvis of the British Antarctic Survey in Cambridge, England.


As carbon dioxide and other pollutants trap heat in Earth’s lower atmosphere, they conversely cool the middle and upper atmosphere, according to computer climate models. These simple models forecast that the thermosphere will chill by 50°C with a doubling in the atmospheric concentration of carbon dioxide, expected sometime in the next century. That would shrink the thermosphere and cause the height of the ionosphere to drop by 10 to 20 km, according to calculations.


Researchers have previously detected decreases in ionospheric height over Finland and Germany. The Southern Hemisphere data “show that it’s a global phenomenon, not just over Europe,” says Jarvis.


The British researchers say that although their measurements are consistent with greenhouse warming predictions, there could be other factors causing the thermosphere to contract.


Another recent study, in fact, failed to find a consistent trend in ionospheric height. When Indian scientists analyzed records from 31 stations around the world, they found the ionosphere rising in some regions and falling in others. Their report appears in the Sept. 1 Geophysical Research Letters.


Taken at face value, the Indian study suggests there has been no global shrinking of the thermosphere, says Thomas Ulich of the Geophysical Observatory in Sodankylä, Finland. Ulich cautions, however, that researchers need to check the ionospheric records for changes in instruments and personnel doing the measuring. At Sodankylä, the same technician has conducted measurements since 1957, during which time the ionospheric heights have dropped, he says. 


Measurements of the middle atmosphere have been more consistent, with different techniques showing a strong cooling, says Guy P. Brasseur of the National Center for Atmospheric Research in Boulder, Colo. 


A more definitive picture of the middle and upper atmosphere could come in 2000, when NASA plans to launch a small satellite to study these regions.                       -- R. Monastersky 





Chaucer’s Descendants





Evolutionary biologists help trace the ancestry of a classic


By JEFFREY BRAINARD


Literary scholars revere Geoffrey Chaucer’s The Canterbury Tales for providing one of the most colorful characters in English literature. The Wife of Bath is coarse, lusty, nagging, and indiscriminate in her taste for men. “Were he short or long or blak or whit / I took no kepe,” she says.


Other versions of the medieval classic depict the Wife in a more chaste light, as a woman who expresses her sexual appetites within the confines of marriage.


The text changes arose because scribes copied The Canterbury Tales by hand before the printing press was invented. There are 58 separate variants now available of the chapter called “The Wife of Bath’s Prologue,” and differences abound, bedeviling literary scholars. Which Wife 


of Bath, they wonder, is most true to Chaucer’s original?


Recently, literary scholars got help from an unlikely source -- a pair of biologists who have used computers to track microbial evolution. Adrian C. Barbrook and Christopher J. Howe of the University of Cambridge in England had previously constructed family trees showing how sets of species were related to common ancestors. Howe, who has an interest in medieval manuscripts, hit upon the idea of using the same software for a new application, tracing the evolution of the varying Chaucer texts.


Results of their analysis, published in the Aug. 27 Nature, support new interpretations of the texts, says Peter Robinson, a Chaucer scholar at De Montfort University in Leicester, England, and a coauthor of the Nature paper. The analysis indicated that some lesser known versions of “The Wife of Bath’s Prologue” may be closer to Chaucer’s original than those in standard modern editions. The study also offered new hope for the Wife of Bath’s reputation.


The new approach “makes a lot of sense,” says Ronald Thisted, a statistician at the University of Chicago who has used statistics to study poems attributed to Shakespeare. The study shows how scientific methods “can be employed unexpectedly and fruitfully in another area,” he adds.


The early copyists, who were probably working from various drafts of Chaucer’s never-finished manuscript, introduced errors, which Barbrook likens to genetic mutations. Other scribes made additional copies of those copies, and changes to the text persisted and multiplied. Gradually, distinct versions evolved -- the literary equivalent of new species of life, he says.


Scholars had tried before to analyze the texts’ variations without use of computers, Robinson says. The volume of the texts made the job daunting, and they gave up. 


Barbrook and Howe’s preparation for this literary exegesis consisted of studying evolution from a much earlier era -- the development of chloroplasts in microorganisms more than 2 billion years ago.


A few years ago, Howe attended a scholarly meeting about tracing manuscript histories and there realized a new use for an evolutionary approach. He soon joined forces with Robinson. The raw material for their analysis already existed. Since 1989, Robinson and colleagues from two other universities had been loading the 58 texts of “The Wife of Bath’s Prologue” into a database for easier reference.


Out of the many stories in The Canterbury Tales, the researchers chose this chapter for analysis because the differences among the versions are relatively large. The researchers chose 2,500 “characters,” or sections of text that varied. They regard each as the literary equivalent of a gene.


Every character has up to 10 versions, just as genes can have several alternate sequences of hereditary code, or alleles. For example, one group of manuscripts begins with the word “Experiment” while most start with “Experience.”


Using software called SplitsTree, the researchers produced a map that shows how 44 texts of the prologue fit into six distinct, related groups. The analysis indicates that the remaining 14 were probably hybrid copies of two different manuscripts. The researchers excluded them from the map because their dual ancestry would have thrown off the program’s statistical calculations, Barbrook says.


Robinson suggests that scholars could reap new literary insights by examining manuscripts dubbed the O group, which the analysis suggests are closest to the original. Experts have not closely scrutinized them in part because several of these texts are stored only in individual libraries, he says.


At least one of the O texts, called the Hengwrt, paints the Wife of Bath as more faithful than she is in most of the other texts that have been studied, Robinson notes. Although the new findings place the O texts closer to Chaucer’s original, he says that scholars will have to continue making subjective judgments about which text in the group is the closest.


The approach described in the Nature paper differs from that used by Thisted and a colleague a decade ago to examine whether other Elizabethan authors might have penned works attributed to Shakespeare. Their method counts the frequency of particular words and traces patterns among several different poems and plays.


That approach, too, grew out of biological studies. Thisted adapted the statistical approach by the late Sir Ronald Fisher in a study  that estimated the number of butterfly species in Malaysia.


Shakespeare scholars had scoffed at the idea that any statistical analysis could offer relevant insights into their beloved Bard. But the examination of The Canterbury Tales may get a less chilly reception because it merely automates a process that scholars had attempted by hand, says Winthrop Wetherbee III, a Chaucer specialist at Cornell University.	n 





Stamping 


Out Syphilis





Can the United States finally vanquish this sexually 


transmitted disease?


By KATHLEEN FACKELMANN


Federal health officials have targeted an age-old enemy: Treponema pallidum, the spiral bacterium that causes syphilis. U.S. health officials have declared war on syphilis before, but this time the battle may be winnable. The Scandinavian countries have already conquered the disease.


In the July 17 Science, Michael E. St. Louis and Judith N. Wasserheit of the Centers for Disease Control and Prevention (CDC) in Atlanta argue that now is the time to eliminate syphilis from the United States. Although the disease has been beaten back to an all-time low of just 3.2 cases per 100,000 people, that statistic doesn’t adequately convey the threat that syphilis still poses, the researchers say. Only a decade ago, the number of cases spiked to 20 cases per 100,000 people, and it could rise again.


A recent scientific advance promises to speed up the work on a vaccine. Public health workers, however, do not plan to wait for vaccine development. The currently low incidence of syphilis represents “a small window of opportunity that we cannot [afford to] lose,” says Charlie Rabins, chief of the sexually transmitted disease section of the Illinois Department of Public Health in Springfield.


Like a forest fire that continues to 


smolder in a few isolated areas, syphilis remains a threat in the southeastern United States and some urban areas. CDC officials note that in 1997, just 31 U.S. counties reported more than 50 percent of all syphilis cases. If left unchecked, those pockets of disease could ignite a public health disaster.


“We’re sitting on a potentially massive bonfire,” St. Louis warns.








In the 1940s and again in the 1960s, public health programs substantially reduced syphilis rates in the United States but failed to eliminate the disease. Untreated, syphilis can lead to fatal heart disease and brain damage. Now, the AIDS epidemic is lending additional urgency to defeating syphilis.


People with sexually transmitted diseases face a greater threat of contracting HIV, the virus that causes AIDS, says Edward W. Hook III, who studies sexually transmitted diseases at the University of Alabama at Birmingham. Infection with T. pallidum causes an ulcerlike sore, called a chancre, on the genitals. Because that wound can serve as a portal of entry or exit for HIV, someone infected with syphilis can more easily contract HIV infection and also readily pass the deadly virus on to another person.


Indeed, researchers have noticed a number of links between syphilis and HIV infection. For example, the outbreak of syphilis in the southeastern United States contributed to the spread of HIV in that region, according to CDC research. 


“We now have evidence that HIV transmission, particularly heterosexual HIV transmission across the South and in a few large cities, essentially echoes the syphilis epidemic of the late 1980s and early 1990s,” Wasserheit says.


A syphilis outbreak that hit Baltimore in 1995, and continues to spread, also shows deadly ties with HIV. People in inner-city Baltimore who have been diagnosed with syphilis have a one-in-five chance of being infected with HIV, says Jonathan M. Zenilman of Johns Hopkins Medical Institutions in Baltimore. That’s about four times the incidence found even in the high-risk group of people treated in clinics for a variety of sexually transmitted diseases, he says.


Aside from the AIDS concern, researchers note that a pregnant woman infected with syphilis can pass the disease to her fetus. During the most recent syphilis epidemic, from 1987 to 1993, 3,000 U.S. infants were born with this disease per year. Babies with syphilis can die from the infection or suffer blindness or lifelong neurological problems, St. Louis says.








At first glance, syphilis seems like an ideal candidate for elimination. The spirochete that causes the disease lives only in humans. The relatively long incubation period means that public health workers have enough time to identify potentially infected sexual partners before symptoms appear and provide them with injections of penicillin or other antibiotics. 


Although antibiotics cure the infection, public health experts remain cautious about their chances of abolishing syphilis in the United States. “The most important barriers to eliminating syphilis are not biomedical,” Wasserheit says.


To appreciate the difficulty of the task, consider that most people don’t even want to talk about syphilis, colloquially known as bad blood or the pox. “As a society, we have a hard time talking frankly and openly about sex,” St. Louis says.


Many people in the United States regard syphilis as a moral -- not a public health -- issue. “There’s a tendency to think that those who’ve acquired a sexually transmitted disease got what they deserved,” St. Louis says. 


“If you approach this as something that is incontrovertibly wrong, you’ve really erected barriers to conversation, to risk reduction, and to any sort of educational process,” Hook adds.


That problem is compounded by a lack in the United States of physician training about syphilis, says John F. Toney, an infectious disease specialist at the University of South Florida College of Medicine in Tampa. Toney says medical schools don’t generally put much emphasis on diagnosing sexually transmitted infections. In addition, physicians may be reluctant to bring up the possibility of such infections with patients, he says.


Moreover, policy discussions of syphilis in the United States remain under the shadow cast by the Tuskegee Study. That infamous government project, conducted from 1932 until 1972, withheld treatment from black men afflicted with syphilis in an attempt to research the natural course of the disease.


The Tuskegee study is widely acknowledged today as a model of unethical research. Last year, President Clinton apologized formally for the study, which was supervised and funded by the CDC.


“One result [of the study’s unethical protocol] has been the crippling of syphilis research and prevention programs, in part because of shame, distrust, and lack of frank dialogue and leadership,” St. Louis and Wasserheit say in their Science article.








Further complicating the task of eliminating syphilis is its ties with poverty. Syphilis flourishes in communities that lack “the financial and social resources to provide people with basic health care,” Wasserheit says.


“In our country, unfortunately, that frequently means minority communities,” she adds. Syphilis currently affects a disproportionate number of African Americans in the United States. Rates of syphilis are 50 times higher among blacks than among whites.


“The proportion of people living in poverty is greater in the southeastern United States,” where syphilis remains most problematic, Hook says.


Drastic reductions in public health funding may also help explain why some areas get hit with an explosion of syphilis.


Consider Baltimore. From 1993 to 1995, the number of syphilis cases there doubled. Public health officials described the outbreak in the March 1, 1996 Morbidity and Mortality Weekly Report. They blamed the epidemic on the escalating use of crack cocaine, the practice of exchanging sex for drugs, and the breakdown of the public health system.


The report notes that the number of city health workers charged with the notification of sex partners of infected people has declined from 14 to 8 during the syphilis epidemic.


An epidemic, like that in Baltimore, of this easily treatable disease is a “sentinel public health event,” Wasserheit says. “It means that the system is not functioning adequately.”


Indeed, parts of the United States resemble less developed countries when it comes to sexually transmitted diseases. “We have to begin to address the question of why sexually transmitted diseases are 5 to 15 times higher in our nation than in any other developed country on Earth,” Hook says. “In Scandinavia, the only way that people get syphilis is by leaving their country,” he says.


Hook looked at the scope of sexually transmitted diseases in the United States as part of a committee appointed by the National Academy of Sciences’ Institute of Medicine in Washington, D.C. In a 1997 report, that group concluded that an effective national system for preventing sexually transmitted diseases does not exist in the United States. The report estimates the direct and indirect costs associated with sexually transmitted diseases other than HIV infection at about $10 billion a year. It called sexually transmitted diseases “hidden epidemics of tremendous health and economic consequences.”








Arecent scientific advance may help pave the way toward CDC’s goal of syphilis elimination. In July, Claire M. Fraser of the Institute for Genomic Research in Rockville, Md., and her colleagues reported the genetic sequence of T. pallidum (SN: 8/1/98, p. 79). With the blueprint for the molecular secrets of this bacterium in hand, researchers finally may be able to develop a vaccine against syphilis, Wasserheit says.  


Scientists have been unable to create a vaccine in large part because they haven’t found a way to culture T. pallidum in the laboratory. The spirochete can only be grown in mammals, usually rabbits, which makes it difficult to study, says St. Louis.


A vaccine for syphilis would go a long way toward stamping out the disease. “Public health disease eradication has never been successful without a vaccine,” Hook says.


In addition to facilitating a vaccine, the genetic sequence of T. pallidum may also help medical investigators track a syphilis epidemic, St. Louis notes. Researchers could distinguish, or type, different strains of syphilis and use the information to trace an infection back to its origin. Now, investigators must ask each patient to recall recent sexual partners, a process that is often fraught with poor memory.


“You can almost never connect all the dots in these outbreaks,” St. Louis says. With genetic typing, researchers might be able to quickly track an emerging syphilis flare-up, he says.








Public health experts argue that there may never be a better time to launch a strike against syphilis. “In 1997, 85 percent of new syphilis cases were in just 6 percent of counties,” says Wasserheit. “That means we can go in in a very targeted way and focus our efforts.”


“CDC is demonstrating a level of commitment that hasn’t been seen in the past,” Hook says. Previously, he notes, funding was cut when the national syphilis rates dropped to low levels, an error that may have led to more outbreaks of this disease.


CDC is vowing to correct the mistakes of the past. The agency has proposed that Congress set aside $25 million per year for 5 years to help with the effort to erase syphilis.


Wasserheit notes that the federal government plays only one part in the campaign to achieve victory over T. pallidum. “At the federal level, we can try to help lead the charge, but the commitment will have to be at the state and local level,” she says.


Baltimore is a case in point. “There has to be a serious commitment to looking at public health in this city,” Zenilman says. “Eradication is not on the horizon here.”


What happens if the move to quash syphilis in the U.S. fails? “The alternative to moving to elimination now is the resurgence of another epidemic of syphilis with its attendant consequences,” Wasserheit says. History suggests that without a strong control program, syphilis breaks out every 7 to 10 years, Rabins adds.


 “This disease is not going to sit still while we decide whether or not we really want to deliver a good knockout blow,” Wasserheit says.	n





Another infection rages silently in young adults


Two new studies highlight the importance of another sexually transmitted disease. Caused by the bacterium Chlamydia trachomatis, this infection is common among teens and young adults.


Public health officials say there are more than 4 million new cases of chlamydia diagnosed each year -- -making it the most common infectious disease in the United States. Most infected people experience no symptoms. If left untreated, however, the disease can cause serious problems. Women can suffer from pelvic infections that lead to infertility. 


In the past, a pelvic exam was required to diagnose the disease. However, in the mid-1990s, a highly accurate urine test for the infection became readily available. Thomas C. Quinn of the National Institute for Allergy and Infectious Diseases in Bethesda, Md., and the Johns Hopkins University in Baltimore and his colleagues used the test to study the prevalence of C. trachomatis in young women.


The team gave some 13,000 female Army recruits a urine test that relies on a polymerase chain reaction to home in on and make copies of the DNA of C. trachomatis. The scientists found that nearly one out of 10 recruits was infected with chlamydia. The disease was particularly prevalent in recruits from the southern states. The team details its findings in the September 10 New England Journal of Medicine.


Another study by the same group discovered an alarmingly high rate of chlamydia infection among teenagers in Baltimore. The researchers tested more than 3,000 females, ages 12 through 19, who said they were sexually active. Some of the subjects had visited a family planning clinic, and others had gone to the school nurse for an unrelated health concern. None had symptoms of any sexually transmitted disease.


Twenty-four percent of the teens had a positive urine test for chlamydia. Sexually active 14-year-olds had the highest chlamydia rates. The team reports its findings in the Aug. 12 Journal of the American Medical Association. 


Quinn urges regular chlamydia testing for all sexually active teenagers. Without such a test, this silent disease may lead to an epidemic of pelvic inflammatory disease and infertility in years to come, he says.


Unlike those fighting syphilis, public health researchers trying to control the burgeoning chlamydia infections are nowhere near the point where they can talk about eliminating the bacterium. “We’ve got a long way to go,” Quinn says. 	       -- K. Fackelmann





Ancient American marine scene


Many archaeologists assume that before the end of the Stone Age 10,000 years ago, prehistoric New World settlers stayed inland, where they could exploit hunting and foraging skills developed in Asia. Even if some early arrivals migrated down the coast from the Bering Strait and favored fish over big game, rising seas presumably covered signs of their presence.


Now, scientists have discovered two coastal outposts in southern Peru, described in the Sept. 18 Science, and they suggest that the first South Americans lived off the sea as much as off the land. The sites date to as early as 11,100 years ago and offer the oldest solid evidence of maritime occupations in South America.


“These important new sites show that the first settlement of South America occurred along the [Pacific] coast as well as in the highlands,” comments Thomas F. Lynch of Texas A&M University in College Station. Until now, Lynch championed the influential theory that inland hunters headed for the coast sometime after 10,000 years ago, as game populations dwindled.


Excavation at Quebrada Jaguay, directed by Daniel H. Sandweiss of the University of Maine in Orono, uncovered abundant evidence of human activity, including stone tools, flakes produced during toolmaking, and 30 pieces of obsidian, which could only have been brought from far away. Remains of fish known as drums -- probably caught in large nets -- and clams also turned up. A series of circular holes may have held wooden posts for a building. Radiocarbon analysis of charcoal at the site dates it to between 11,100 and 10,000 years old.


At nearby Quebrada Tacahuay, investigators led by David K. Keefer of the U.S. Geological Survey in Menlo Park, Calif., found remains of a hearth, stone tools and flakes, bones of seabirds and fish, and shellfish leftovers. Radiocarbon dating of charcoal yielded an age of between 10,770 and 10,530 years for this material. Evidence of flooding and water-borne debris in the ancient sediment may have resulted from El Niño­induced rains during the Stone Age, Keefer’s team proposes.


The sites now lie less than 1 mile from the beach; 11,000 years ago, they would have been a few miles inland. Prehistoric inhabitants of this area spent part of their time each year on the coast and the rest in the highlands, Sandweiss theorizes. 	 -- B.B.





Trailing Lewis and Clark


After 12 years of work at a spot on the Missouri River near Great Falls, Mont., archaeologists announced last week the discovery of a possible campsite used by 19th-century explorers Meriwether Lewis and William Clark. Although they made camp more than 600 times while seeking a Northwest passage to the Pacific, no campsite has been found until now.


Discoveries at the Great Falls campsite include three stone-ringed fire pits, an iron pushpin, a wooden tent stake, a gun flint, and many bison bones bearing the butchery marks of metal tools. The location and military-style arrangement of the encampment, as well as radiocarbon dating of objects, are consistent with the explorers’ written accounts, says project director Kenneth W. Karsmizki of Montana State University in Bozeman. Lewis and Clark’s records show that their 33-member team set up camp in the vicinity for 12 days in 1805. No other major expeditions that would have followed military procedures traveled so far up the Missouri River until 1832. 	 -- B.B.





Deep rock gives lift to Africa


In the world of geophysics, southern Africa stands out as a puzzle. All continents have a geologically stable heartland, called a craton, which usually forms a flat, low-lying plain. The craton of southern Africa, however, hovers as a vast plateau about a kilometer above sea level. Two researchers now propose that the reason for this unusual height lies deep inside the planet.


In the past, geoscientists studying Africa’s elevation have searched for answers in the lithosphere, the planet’s outermost shell, which is broken up into large plates. But these efforts have come up dry. “This has been a long-standing mystery in plate tectonics,” says Carolina Lithgow-Bertelloni of the University of Michigan in Ann Arbor. 


She and Paul G. Silver of the Carnegie Institution of Washington (D.C.) decided to take a deeper look. They studied images of Earth’s mantle that seismologists produce from recordings of earthquake waves. For many years, these images have shown that the mantle -- the thick rocky layer beneath Earth’s crust -- is warmer and less dense than normal under Africa. 


Although rock in the mantle is solid, it can flow slowly because of the extreme temperatures. Lithgow-Bertelloni and Silver used the seismic images to calculate how the mantle should flow under Africa and how that movement would affect the surface elevation. According to their analysis, the buoyant rock deep in the mantle rises at a rate of a few centimeters per year, forcing the surface upward by about a kilometer, the researchers report in the Sept. 17 Nature.


Their conclusions have swayed some geoscientists who have studied the elevated African terrain. “It makes a lot of sense, given what we are learning about the structure of the lower mantle,” says Andrew A. Nyblade of Pennsylvania State University in State College. In 1994, Nyblade noted that the seafloor around southern Africa was also unusually high. He called the entire region the African superswell.	 -- R.M.





Bonnie’s clouds pierced stratosphere


Thunderstorm clouds in hurricane Bonnie punched their way up to dizzying heights, according to images collected by a rain-sensing satellite. The radar on the craft, which was launched last fall, detected a narrow chimney of rain clouds reaching up to an altitude of 18 kilometers. Thunderstorm clouds in the Atlantic typically do not extend higher than 15 to 16 km, the top of the troposphere, says Christian Kummerow of NASA’s Goddard Space Flight Center in Greenbelt, Md.


Above the troposphere lies the stratosphere, where rain clouds cannot normally exist. The chimney clouds from Bonnie soared so quickly that they temporarily projected into the stratosphere, says Kummerow. Meteorologists think that such behavior may precede the intensification of a storm, a pattern followed during Bonnie.	 -- R.M.








Curbing Air Bags’ 


Dangerous Excesses


New smarts, new sensors, and variable inflation could reduce injury and death


By PETER WEISS


Air bags punch out of their dashboard cocoons at more than 140 miles per hour. Because of their speed, they both save lives and occasionally squander them.


The rapidly inflating nylon sacks have prevented nearly 3,500 auto collision deaths since the late 1980s, according to the National Highway Traffic Safety Administration (NHTSA). From 1991, when the first air bag­induced death was reported until Sept. 1, 1998, the agency has tallied 113 people, mostly children and small adults, killed by the bags during minor accidents when their lives weren’t otherwise at risk.


“Anyone who gets too close to [an inflating] bag, whether a young child or a 300-pound football player, is in big trouble,” says Barry Felrice, director of regulatory affairs for the American Automobile Manufacturers Association. Air bags, which are inflated by gas from a rapidly burning propellant and sometimes also from a pressurized cartridge, have caused nonfatal injuries including broken bones, burns, and eye damage, although the damage may have been worse in many cases had the air bag not deployed.


Today’s automobiles carry only one-size-fits-all air bags. Nonetheless, these bags, 


by federal decree, pack a wallop intended to immobilize an average-size man. So, by design, they unleash too much energy for people at the smaller end of the scale.


As this dark side of air bags gained wide attention over the past few years, automobile manufacturers and the companies that build safety restraints for them stepped up efforts to develop a safer technology.


“It’s a difficult problem, in my opinion, but that doesn’t mean it’s not achievable,” says Robert L. Phen, program manager for energy and surface transportation at 


the Jet  Propulsion Laboratory (JPL) in Pasadena, Calif. Phen led a year-long JPL study of advanced air bag technology for the National Aeronautics and Space Administration and NHTSA. The study, released in April, concluded that in model year 2003 “systems should be able to remove most of the risk of injury from deploying air bags.”








To achieve this goal, the auto industry must boost the ability of air bag­control computers to predict within an instant of onset a crash’s severity. Too often today, restraint engineers say, the computers that control air bag firing misjudge the severity of a crash.


 Safety improvement also relies on developing sensor arrays that can feed the air bag controller up-to-the-millisecond details about vehicle occupants, such as their weight, position, and whether or not they are wearing seat belts.


At the same time, the air bags themselves must also become more talented -- for instance, by being able to inflate at several different rates and pressures. Engineers must coordinate all new air bag technology with the advanced seat belt features that are also under development, such as automatic tightening at the start of a crash.


Air bag technology is a highly controversial issue. James Walker is the air bag specialist for the National Motorists Association, a motorists’ advocacy group based in Waunakee, Wis., and a vocal critic of mandatory air bags. He says it is folly to make air bag systems more complex. “There are just too many points of failure, and we can’t make the simple systems work now,” he argues.


Walker notes that millions of air bag­ equipped cars have been recalled, many of them because bags have fired at random, when no accident was taking place, sometimes causing injuries.


The high-tech approach is “backwards,” says Morris Kindig, president of TIER ONE, an automotive electronics market research firm in Mountain View, Calif. The firm has just completed a study of 


sensors that would provide information about the occupants of a car to the air bag controller. Rather than installing complex and costly equipment, he argues, people should be better taught to use seat belts and to put children and small adults in the back seat. “The solution is education. It’s not technology,” he says. 








Automakers have already introduced some changes to air bag equipment to reduce air bag­induced injuries, but these alterations are considered only stopgaps until more sophisticated solutions are ready. Foremost among the changes is so-called air bag depowering, which means installing air bags that inflate more slowly and to a lesser volume than the original designs. Most 1998 American vehicle models contain air bags depowered by 20 to 35 percent compared to 1997, says Felrice.


Engineers have also incorporated an air bag disabling switch for the passenger side of new vehicles with only a single row of seats, such as pickup trucks. Under limited circumstances, the federal government is also allowing vehicle owners to install on-off switches or disconnect air bags in older models.


Companies keep tight wraps on many details. “It’s a competitive issue for manufacturers,” explains Felrice. “They all want to be first with safety improvements. Whether it’s night vision or antilock brakes, safety sells these days.”


Earlier this month, the U.S. government reconfirmed its commitment to technology as a necessary part of preventing crash fatalities and injuries. In a Sept. 14 preliminary ruling, NHTSA unveiled plans to order vehicle makers to install smarter restraints in 25 percent of new passenger cars and light trucks by Sept. 1, 2002, 


and in all new models by Sept. 1, 2005. Instead of mandating specific technologies, the agency will require vehicles to pass a battery of tests.


These plans demonstrate that NHTSA officials, as well as industry designers, regard better crash prediction as a high priority.


“The challenge is to predict this event with very little up-front information,” 


Phen says. 


In a typical crash, the air bag­control microprocessor must decide within 20 milliseconds whether or not to fire the air bag. Otherwise, the bag won’t be fully deployed before the occupant strikes it. During that time, the controller examines voltage readings from a tiny accelerometer mounted at the front of the passenger compartment, typically just behind the firewall. 


To interpret the often wildly fluctuating deceleration and acceleration of a car during an accident, the computer employs problem-solving pathways, or algorithms. They either compare the accelerometer’s signal to a library of known crashes or  extrapolate forces and other crash parameters from accelerometer readings.


Accelerometer readings vary greatly from one crash to the next, making the forecasting of the impact’s severity daunting, experts say. Head-on wrecks into poles particularly dumbfound current software. 


The impact of these collisions is so concentrated that, at first, its energy goes more into folding the car’s grille around the pole than into decelerating the vehicle, tricking air bag controllers into predicting a minor collision. When the pole finally meets the engine block, the sudden enormous deceleration flings the car occupants forward. By then, it may be too late because air bags have not fired or are in the process of filling, possibly adding to injuries from the crash.


Algorithms can be made to do much better, engineers say. Some air bag suppliers are building more complete libraries of possible crash profiles into controllers and speeding up the comparison between those profiles and accelerometer data. Others have learned to distill more accurate predictors of crash behavior from accelerometer signals and are writing software to make those calculations more nimble.


Beyond getting smarter about a crash in progress, some air bag researchers have proposed giving vehicles the ability to prejudge a crash before it begins. Such precrash sensors could include radar systems now being developed for collision avoidance. The warnings that such sensors could provide might boost safety by making it possible to inflate air bags sooner in a severe crash.








While better crash profiles will help, gathering information about the people inside the vehicle is also vital to boosting air bag safety, engineers say. Most often, it’s small people who end up dangerously close to air bags.


Small, adult drivers may sit forward to reach controls, putting them up against the steering-wheel air bag. Children’s faces may hover at the same height as the passenger-side air-bag compartment positioned at an adult’s chest level. Child seats, especially rear-facing infant seats, often protrude into the space into which an air bag inflates -- called the keep-out zone. 


When an air bag occasionally does smack someone, small people, with their more delicate frames, also tend to suffer worse injury than bigger folk.


Advanced air bag controllers need answers to many questions about a car’s occupants in order to recognize who is most vulnerable to air bag­induced injuries and to solve physics equations for the forces and motion that vehicle restraints are meant to control.


Is there a front-seat passenger? A child seat? How much do the driver and passenger each weigh? Are they wearing seat belts? Where are parts of their bodies relative to the keep-out zone for each bag?


Restraint makers have yet to settle on the best ways to get those answers.


A group of engineers from TEMIC Telefunken Microelectronic GmbH, a German firm, have developed a sensing method using infrared light. They described it in February 1997 at the Society of Automotive Engineers’ International Congress and Exposition in Detroit.


Mounted in front of a seat and above it, the device shines beams of infrared light onto the seat from top to bottom. By comparing transmitted and reflected beams, it constructs a profile of the seat or whoever is sitting in it.


Another company, unidentified in the JPL report, would electrify the seats to detect the presence and size of an occupant. Four electrodes would generate an oscillating electric field whose properties change when someone sits down. The system would sense the human body’s ability to store electric charge, or its capacitance, which increases with body volume.


 Other engineering teams have built instruments that bounce sound waves inside the vehicle compartment at frequencies above the human hearing range. Detectors pick up ultrasound echoes, which the circuitry can use to determine shapes and positions of people and objects in the vehicle. 


According to the JPL report, restraint equipment suppliers are also investigating optical camera­based sensors, radar, and other approaches.


 Weight sensors already developed can determine if someone is present and how heavy they are by measuring the pressure in a gas-filled bag in the seat or by detecting the change in current through force-sensitive resistors. Although tests have shown that these sensors lack the accuracy needed, for instance, to reliably distinguish between a child and a slightly heavier small woman, the weight-sensing technology, which is inexpensive and sturdy, has proved useful. 


Mercedes-Benz customers can opt for a front passenger seat weight detector that shuts off the air bag if it senses less than 30 kilograms of force, indicating that the seat is unoccupied or that a child is present.


The strategies of advanced air bag controllers will rely so heavily on information indicating whether an occupant is belted or not that engineers have felt compelled to introduce a more reliable seat belt sensor. 


Currently, a simple electric contact switch typically monitors whether the seat-belt tongue is in the buckle, but its contacts can become dirty. Newly developed sensors register an altered magnetic field when the tongue is in place. 


Along with more information, restraint designers also plan to give air bag controllers more ways to respond to a crash. Manufacturers have developed air bags with two gas sources rather than the typical single source. The change gives controllers four levels of response: no inflation, a relatively slow inflation, a faster rate, and finally, a simultaneous firing of both inflators for the quickest bag filling.


As an example of how the options might provide an advantage, suppose that a small woman is driving when she has an accident at low speed but still severe enough to cause injuries. The current options are for the air bag to do nothing, risking broken cheek bones or worse, or for it to fire, possibly causing neck injury or other damage. 


With the two-inflator bag, the controller could choose its gentlest inflation, possibly avoiding injury either from crash or bag. This technology will be available in at least one 1999 model of European car this year, according to TRW Vehicle Safety Systems of Washington, Mich. Air bag makers also are exploring adding even more inflation levels and developing fully adjustable inflators that could give a continuous range of rates.


The sophistication of seat belts is growing too, giving controllers more factors to consider and more options for responses.


Belt manufacturers have developed ways to draw belt webbing back into the reel as a crash begins, cinching the occupant more tightly against the seat -- a safer way to ride out a crash. Engineers are also designing load limiters into seat belts to reduce tension when it reaches potentially harmful levels. Inflatable seat belts may be in the offing too. Their shoulder straps would puff up to hold and cushion occupants during a crash.


In the next few years, as these new technologies come into play, many people will be watching to see whether air bag­induced death and injury rates drop and crash survival improves.


 Whatever the outcome, the dark side of air bags won’t disappear entirely. As the JPL report notes, sometimes air bags will fire when they shouldn’t and not fire when they should, no matter how reliably they are made. The nature of technology is that it sometimes fails.                n








In most accidents, an air bag adds protection for the driver. 


In these crash tests at 35 miles per hour, a 5-foot-tall female dummy seated all the way forward suffers possible head, face, and neck injuries despite wearing a seat belt (left) but only possible neck harm in the air bag­equipped car (right).








