









[image: ]




























The New York Times


BOOK OF



Science




[image: ]



MORE THAN 150 YEARS
OF GROUNDBREAKING
SCIENTIFIC COVERAGE




[image: ]
























[image: image]


STERLING and the distinctive Sterling logo are registered trademarks of Sterling Publishing Co., Inc.


© 2015 by The New York Times. All rights reserved. All Material in this book was first published by The New York Times and is copyright © The New York Times. The printing, copying, redistribution, or retransmission of the Material without express written permission is prohibited.


ISBN 978-1-4549-9327-1


Distributed in Canada by Sterling Publishing
c/o Canadian Manda Group, 664 Annette Street
Toronto, Ontario, Canada M6S2C8
Distributed in the United Kingdom by GMC Distribution Services
Castle Place, 166 High Street, Lewes, East Sussex, England BN7 1XU
Distributed in Australia by Capricorn Link (Australia) Pty. Ltd.
P.O. Box 704, Windsor, NSW 2756, Australia


For information about custom editions, special sales, and premium and corporate purchases, please contact Sterling Special Sales at 800-805-5489 or specialsales@sterlingpublishing.com.


Cover Design: David Ter-Avanesyan based on an original design by Chin-Yee Lai/ Photograph © Guru 3D/Shutterstock


2 4 6 8 10 9 7 5 3 1


www.sterlingpublishing.com
























For Barbara Strauch (1951–2015),
who as science editor carried The New York Times’
science and health report into the digital age with
boundless energy, creativity, and humor.























FOREWORD


Some forty years ago, during a long subway ride to a junior high school math-team competition (the geek version of an away game), our coach pierced the din of rattling metal wheels to ask a handful of us why we loved mathematics. Even in the most conducive of circumstances, “mathletes” are not the most introspective bunch. While we’d jump all over a challenge like finding triangular numbers that are also perfect squares, or calculating the probability that two people in the subway car shared the same birthday, articulating a personal reflection on, well, anything, generated a more reserved response. We let the thunderous clatter of the express train fill the silence. No one said a word.


But it did get me thinking. Why did I love math? The thrilling moment when the solution to a problem snaps into focus, the beauty of constructing an elegant proof, the power of understanding a hidden pattern—all of these surely resonated with my budding seventh-grade mathematical mind. Still, I remember thinking that the most compelling answer was simply this: math works. A well-posed problem has a definite answer. Regardless of the approach you take, the calculative scheme you invoke, the oblique angle you follow, barring any mistakes you will get the answer. The answer. The rock-bottom certainty of problem solving was, for me, a welcome anchor in a post-1960s’ world that seemed awash in uncertainty.


Yet, it is that very certainty in a rolling sea of uncertainty that makes the science writer’s job so challenging.


When mathematics is applied as a scientific tool to explore the real world—not to solve artificial problems encountered on exams or competitions—precision is possible only because researchers encircle themselves with thick walls of assumptions that keep undue complexity at bay. When we calculate the orbital motion of the earth, we assume the earth is a solid ball moving solely under the influence of the sun’s gravity. When we want to get closer to truth, we take account of the influence of the moon and other planets, and even the earth’s complex internal structure. It’s a mode of operation recapitulated across the sciences: progress takes place in the ever-shifting overlap between simplification and relevance. Science is the art of knowing what to ignore.


The science writer thus has to continually strike a delicate balance between the precision of scientific results—certainty—and the morass of qualifications upon which such results rest—uncertainty. As a scientist who also writes, I’ve experienced this from both sides. In countless interviews with science journalists, I’ve repeated “Yes, but …” emphasizing one crucial caveat necessary to make my description of a scientific advance accurate but rendering the responsible journalist’s story murky. In my own writing, I’ve countlessly wrestled with finding descriptions that capture the excitement of scientific advances while remaining faithful to the precise and ever-present limits that accompany each advance.


In essence, we scientists are just as protective of what we know as we are of what we don’t. Our ignorance is a precious commodity. It not only defines the boundary of understanding but provides the terra incognita that beckons exploration and, on rare occasion, plays host to a remarkable new insight.


Scientists and science writers have not always done a great job of communicating this to the public. Breathless articles are surely exciting but over time they suggest that science is unstable, buffeted this way and that by a steady stream of revolutions that, one would naturally think, continually rewrite the textbooks. But the fact is that science is remarkably stable. New insights typically don’t obliterate existing understanding but, instead, extend its reach a few additional steps into the realms of darkness. This is an essential quality of the whole scientific enterprise that I find is often misunderstood.


In fact, the continuity of science plays an even more vital role, something that can be difficult for a reader to tease out of even the best journalism. One of the greatest scientific achievements of the twentieth century was Albert Einstein’s completion, in 1915, of the General Theory of Relativity, a new and more powerful approach to understanding the force of gravity. In 1919, Einstein’s theory was confirmed through astronomical observations of distant stars during a solar eclipse. The story was widely covered, with two New York Times articles (both reprinted in this volume) being those I’ve most often seen referenced. Understandably, the articles give only modest attention to Einstein’s radically new view of gravity, framed in terms of warps and curves in space and time—it often takes years of hindsight, even for scientists, to find the right language for communicating the most abstract of ideas to those without technical training. And, correctly, the articles emphasize that in the everyday manifestations of gravity we all experience, from the arc of a tossed ball to the trajectory of a dropped cup, Einstein’s and Newton’s theories hardly differ in their predictions.


But what the reader is unlikely to discern from the articles is that however revolutionary Einstein’s discovery, Newton’s approach to gravity was one of the essential guiding lights leading Einstein to his theory of relativity. Between 1912 and 1915, as he groped his way through a terrain of complex mathematics, Einstein diligently required that any new equation he developed be reduced to Newtonian gravity when applied to ordinary situations, like the motion of the moon, where Newton’s ideas had already proved impressively accurate. Indeed, in applying this very requirement in 1913, Einstein committed a technical error that set back the discovery of General Relativity two years. And so, far from throwing Newtonian gravity overboard, Einstein tightly grasped the Newtonian lifeline and rode it to an unfamiliar but spectacularly beautiful shore.


The point is that there is uncertainty at the frontier of knowledge—which is what makes science exciting—but there is a core of scientific insight that you can count on. Einstein’s discovery of the General Theory of Relativity does not mean your effort in high-school physics to understand Newtonian gravity was a waste of time. Unlike that ultra skinny tie in your closet, deep scientific understanding doesn’t go out of fashion.


On occasion, many of us who write on science have fallen into the trap of letting the singular excitement of a breakthrough overshadow the fundamental continuity of scientific progress. I understand well the push-pull of announcing that we’ve crossed into virgin territory with the reality that such territory typically comprises a nearby suburb that tightly borders all that we’ve so far understood. The best science journalism, evidenced by so many articles in this wonderful collection, walks that border without even making it apparent that there is a line to walk.


And toeing this line is vital. In an era that will inexorably rely ever more on the insights of science and the products of technology, it is increasingly urgent for the public to have not only a familiarity with scientific results but also a sense of scientific process. Progress in science extends the reach of certainty into precisely articulated realms of uncertainty. Much like my youthful subway epiphany, the general public needs to know, and know deeply, that science works.


—Brian Greene




















INTRODUCTION


Fittingly, the first mention of science in The New York Times came in its very first issue—September 18, 1851. On page 2 (out of four), what was then called The New-York Daily Times reported the death of the Reverend Sylvester Graham, the famed nutritionist who invented the graham cracker—and whose Lectures on the Science of Human Life contained “a systematic, and in some degree, a scientific exposition of the author’s peculiar views.”


What struck the obituary writer as “peculiar” about Graham’s views is lost to history. In its early, candlelit, hand-typeset decades, The Times was far from becoming the journalistic powerhouse it is today, and its coverage of science, as of the news in general, could itself be quite peculiar. The paper’s founder, a charismatic, ambitious, and somewhat quixotic Republican politician named Henry Jarvis Raymond, meant it to be “the best and the cheapest family newspaper in the United States,” substituting “cool and intelligent judgment, for passion” (and, not so incidentally, undercutting its competitors by selling for just a penny a copy). Among Raymond’s best hires was John Swinton, an editorial writer who made sure The Times outdid the competition in science coverage, going so far as to write three to four columns a day on major scientific conferences. It was Swinton who commissioned a pioneering, sympathetic and still highly readable book review (reprinted on pages 278–86) about Charles Darwin’s On the Origin of Species in 1860, when the theory of evolution was often attacked and derided, to the extent it was understood at all. But Swinton left the paper after Raymond’s death in 1869, and science news “languished for half a century,” as Meyer Berger wrote in his swashbuckling, compulsively enjoyable centennial biography of the paper, The Story of The New York Times 1851–1951.


All of that changed with the arrival of Adolph Ochs, the young Tennessee publisher who bought the failing Times in 1896 with $75,000 in mostly borrowed money (the equivalent of about $2 million today) and whose descendants, the Sulzberger family, still run the paper. Ochs stands as one of journalism’s most heroic visionaries. The author of the slogan “All the News That’s Fit to Print” and of the proud mission statement “to give the news impartially, without fear or favor,” he was a Roman candle of ideas (most of them good) and a wizard at surrounding himself with talented people who wanted to work as hard as he did.


Perhaps the most talented was Carr Van Anda, whom Ochs brought on as managing editor in 1904. Van Anda was not only a hard-driving journalist: he was a mathematician who at least twice found errors in the equations of the young Albert Einstein. Ochs and Van Anda shared an “eager curiosity for news about the unknown in the sciences and about the remote unexplored corners of the world,” Berger wrote, adding:




Without Ochs’ willingness to pay almost any sum for exclusive rights to stories on modern exploration, on the advancement of science, … Van Anda could never have made The Times a leader in that kind of journalism, but Ochs gave Van Anda his head. Between them they won for The Times a leadership in the field that was never overtaken.





One of the paper’s first Pulitzer Prizes went to Alva Johnston, “for distinguished reporting of science news”—in particular, his coverage of the 1922 meeting of the American Association for the Advancement of Science, which produced the memorable headline “Scientists Witness Smash-Up of Atoms.” Johnston was a general-assignment reporter whom Van Anda plucked from the newsroom to cover the meeting, but in those days The Times often turned to specialists, even commissioning news articles by scientists and explorers. Waldemar Kaempffert, one of the earliest bylines in this collection, was an engineer before Ochs brought him on as an editorial writer in 1927. And William L. Laurence was hired in 1930 as the first newspaper reporter assigned exclusively to cover science. (Laurence was later nicknamed “Atomic Bill” for his assignment by the War Department in the 1940s to serve as official historian of the Manhattan Project, the crash effort to develop nuclear bombs. He could write about the project for The Times on the condition that he disclose nothing before the war’s end—a deal it is hard to imagine a Times reporter making today.)


Over the decades, as The Times has enhanced its leadership in science journalism, the balance between generalists and specialists has shifted. Since the 1940s, with a few notable exceptions, most science reporters have been journalists first: women and men who may or may not have advanced degrees but who are imbued with the kind of passionate curiosity that drove Adolph Ochs and Carr Van Anda. These reporters know how to find things out, how to distinguish between real news and public-relations puffery, how to cultivate expert sources who can help them grasp the significance of new discoveries and the postgraduate-level science that underlies them. And how they can write!—often on punishing deadlines that leave no margin for artful revision. John Noble Wilford, who as a young man set his sights on political writing but found himself captivated by the 1960s space race, later collected two Pulitzer Prizes for science reporting. Here he is covering a rather routine astronomical conference celebrating the tenth anniversary of the Hubble Space Telescope:




Hubble’s pictures of faraway galaxies and brooding clouds of stellar nurseries have impressed astronomers and ordinary people alike. One of the more recent pictures shows dazzling fireworks in the constellation Aquila. Rings of glowing hot gas and showering streamers of cooler gas are visible around the central stellar remnant. It is an image of what the Sun will look like in its death throes some six billion years from now.





And here’s Natalie Angier, who won a Pulitzer for beat reporting just ten months after arriving at The Times:




With its miserly metabolism and tranquil temperament, its capacity to forgo food and drink for months at a time, its redwood burl of a body shield, so well engineered it can withstand the impact of a stampeding wildebeest, the turtle is one of the longest-lived creatures Earth has known.





Small wonder that more than a century after Ochs’s arrival, science writing is still a Times mainstay. Science Times, the paper’s Tuesday science supplement, was born in 1978. (An evocative twenty-fifth-anniversary account of the blessed event is reprinted on pages 438–40.) One the very few freestanding science sections left on the diminished landscape of American newspapers, it remains one of the paper’s most popular features.


The New York Times Book of Science collects 125—best? no, let’s say most representative—articles from more than a century and a half of science reporting. Some are indisputably great: no collection of this kind could overlook John Wilford’s heart-stopping lead story on the Apollo 11 moon landing of July 20, 1969. (The landing also occasioned the boldest headline to that point in the Times’s history—MEN WALK ON MOON—and perhaps its only front-page poem, also reprinted here.) Wilford is well represented, as are Angier and such past and present giants as Kaempffert, Laurence, Willia Broad, Walter Sullivan, Malcolm W. Browne, Lawrence K. Altman, Nicholas Wade, Gina Kolata, and Dennis Overbye.


But if journalism is indeed “the first rough draft of history,” it’s important to include some stories that didn’t quite get it right, or missed the mark altogether. The most irresistible, about Einstein’s 1919 confirmation of his General Theory of Relativity, carries the weirdly poetic headline “Lights All Askew in the Heavens,” a skein of subheads including “Men of Science More or Less Agog,” “A Book for 12 Wise Men,” and “No More in All the World Could Comprehend It.” The article’s lead sentence candidly admits defeat: “Efforts made to put in words intelligible to the non-scientific public the Einstein theory of light proved by the eclipse expedition so far have not been very successful.” But at least The Times knew it was on to something important, and less than a month later it recouped in fine style by paying a visit to the great man himself and letting him explain relativity in his own words.


Nor can a collection of this length remotely do justice to the broad sweep of scientific endeavor chronicled by The New York Times over the past 164 years. There is no chapter on chemistry, for example; the most interesting stories we found on that elemental discipline seemed to fit more comfortably in the chapters on physics and technology. Some towering scientists and accomplishments will not be found here. This book is less survey course than nonfiction narrative, a newspaper’s story—in its own words—of the evolution of science journalism over an immensely consequential period for both science and journalism. Fortunately for readers seeking more detail, the three previous books in this series—on physics and astronomy, mathematics, and medicine—have that in abundance.


—David Corcoran
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Archaeology: Rediscovering Civilizations



Tut-Ankh-Amen’s Inner Tomb Is Opened, Revealing Undreamed-Of Splendors, Still Untouched After 3,400 Years


This has been, perhaps, the most extraordinary day in the whole history of Egyptian excavation. Whatever any one may have guessed or imagined of the secret of Tut-ankh-Amen’s tomb, they surely cannot have dreamed the truth as now revealed.


The entrance today was made into the sealed chamber of the tomb of Tut-ankh-Amen, and yet another door opened beyond that. No eyes have seen the King, but to practical certainty we know that he lies there close at hand in all his original state, undisturbed.


Moreover, in addition to the great store of treasures which the tomb has already yielded, today has brought to light a new wealth of objects of artistic, historical, and even intrinsic value which is bewildering.


It is such a hoard as the most sanguine excavator can hardly have pictured, even in visions in his sleep, and puts Lord Carnarvon’s and Mr. Carter’s discovery in a class by itself and above all previous finds.


Official Opening Sunday


Though the official opening of the sealed mortuary chamber of the tomb has been fixed for Sunday, it was obviously impossible to postpone until then the actual work of breaking in the entrance. This was a job involving some hours of work, because it had to be done with the greatest care, so as to keep intact as many of the seals as possible, and also to avoid injury to any of the objects on the other side which might be caused by the falling of material dislodged.


All this could not be done on Sunday while the official guests were kept waiting in the singularly unpleasant atmosphere of the tomb, so an agreement was made with the Egyptian authorities by which the actual breaking through of the wall should be done in their presence today.


Consequently, Howard Carter was very busy inside the tomb all morning with Professor Breasted and Dr. Alan Gardiner, whose assistance has been invaluable from the beginning of the work of examining seals and deciphering and copying inscriptions of all kinds. They had finished by noon, and the tomb was closed till after luncheon, at which Lord Carnarvon, Mr. Carter and Lady Evelyn Herbert entertained those invited to be present today.


Official Story of Inner Tomb


It was after 1 o’clock when the official party entered the tomb, and the operation was begun which was to result in such astounding discoveries of which I am able to give the following authoritative description:


Today between the hours of 1 and 3 in the afternoon the culminating moment in the discovery of Tut-ankh-Amen’s tomb took place when Lord Carnarvon and Howard Carter opened the inner sealed doorway in the presence of Lady Evelyn Herbert, Abdel Hamid Soliman Pasha, Under Secretary of Public Works; Pierre Lacau, Director General of the Antiquities Department; Sir William Garstin, Sir Charles Cust, Mr. Lythgoe, the curator of the Metropolitan Museum of Art of New York; Mr. Winlock, Director of the Egyptian expedition of the Metropolitan Museum, together with other representatives of the Government.


The process of opening this doorway, bearing the royal insignia and guarded by the protective statues of the King, had taken several hours of careful manipulation under the intense heat. It finally ended in a wonderful revelation, for before the spectators was the resplendent mausoleum of the King, a spacious and beautifully decorated chamber completely occupied by an immense shrine covered with gold inlaid with brilliant blue faience. This beautiful wooden construction towers nearly to the ceiling and fills the great sepulchral hall within a short span of its four walls. Its sides are adorned with magnificent religious texts and fearful symbols of the dead and it is capped with a superb cornice and a tyrus molding like the propylaeum of a temple, in fact, indeed, the sacred monument.


Another Shrine Within


On the eastern end of this shrine are two immense folding doors, closed and bolted. Within it is yet another shrine, closed and sealed bearing the cipher of the Royal Necropolis. On this inner shrine hangs the funerary pall, studded with gold, and by the evidence of the papyrus of Rameses IV, there must be a series of these shrines within, covering the remains of the King lying in the sarcophagus.


Around the outer canopy, or shrine, stand great protective emblems of a mystic type finely carved and covered with gilt, and upon the floor lie seven oars for the King’s use in the waters of the other world.


In the further end of the eastern wall of this sepulchral hall is yet another doorway, open and never closed. It leads to another chamber, the store chamber of the sepulcher. There at the end stands an elaborately and magnificently carved and gilded shrine of indescribable beauty. It is surmounted by tiers of uraei and its sides are protected by open-armed goddesses of the finest workmanship, their pitiful faces turned over their shoulders toward the invader. This is no less than the receptacle for the four canopic jars which should contain the viscera (brain, heart, &c.) of the King.


Immediately at the entrance to this chamber stands the jackal god Anubis, in black and gold, upon his shrine, which again rests upon a portable sled, strange and resplendent. Behind this again is the head of the bull, emblem of the underworld.


Stacked on the south side of the chamber in great numbers are black boxes and shrines of all shapes, all closed and sealed, save one with open doors in which are golden effigies of the King standing upon black leopards. Similarly at the end of the chamber are more of these cases, including miniature coffins, sealed, but no doubt containing funerary statuettes of the monarch; servants for the dead in the coming world. On the south side of the deity Anubis is a tier of wonderful ivory and wooden boxes of every shape and design, studded with gold and inlaid with faience, and beside them yet another chariot.


This sight is stupendous and its magnificence indescribable, and as the time was fast creeping on, and dusk was falling, the tomb was closed for further action and contemplation.


The foregoing narrative is necessarily hasty and may be subject to correction in details as a result of future investigation. The truth is that all those who were privileged to share in today’s unparalleled experiences were and still are so bewildered that it is not easy for any of them to give a consecutive narrative. All, however, agree in describing as overwhelming the impression produced by the discovery of the great shrine, or canopy, splendid in its blue and gold and almost filling the entire space of the new chamber.



Observing Gives More Details


Another informant gave me the following further particulars:


“As soon as it was possible to see through the opening which was being made by Mr. Carter and Mr. Callender it became evident that some large obstacle blocked the way inside. It looked like a screen of gold inlaid with blue, in the decoration of which I noticed the well-known so-called buckle of Isis.


“In fact, it was the great shrine, or canopy, or tabernacle, or whatever you call it, made of wood, carved and gilded, and almost filling up the entire interior of the new chamber. It reached nearly to the ceiling and the space between it and the walls at the sides may have been eighteen inches. That is quite enough to permit the passage of the old Egyptian workmen and others scantily clad and slimmer than we of today, but it was narrow for us to squeeze through in our clothes.


“On entering one turned to the right, which would be to the north, and then along the east side, the passage being still as narrow as at first. I noticed that the interior of the walls of the chamber were decorated, but the painting has much deteriorated and looked to me of inferior quality. The door into the shrine, or tabernacle, is in the eastern side and had heavy bronze hinges and was opened with some difficulty. When opened it only showed another wooden wall or screen being the exterior of a second inner tabernacle, a box inside a box.


“The interior faces of the wall of the outer tabernacle are all carved and decorated with religious texts, and so far the outer face of the inner tabernacle is similarly gilded and decorated, and I can make no attempt to describe the feelings of awe, wonder and mystery with which the spectacle inspired one.


“On the door of the inner tabernacle the original seals seem yet unbroken. The robbers do not appear to have penetrated it. We made no attempt to open it today, simply because it was impossible. Apparently the inner door will not be opened until the outer wall is removed. It must have been shut and sealed and the outer wall then erected around it. It will, therefore, I conjecture, be necessary to pull down the outer screening wall before the inner shrine is opened. This will be quite an undertaking in the narrow space.


“Among the individual objects I noticed besides the oars, or paddles, for the use of the deceased in the hereafter, were some alabaster vases, seemingly of the finest quality, and a piece of some sort of jewelry lying huddled on the floor, where one may suppose they had been thrown by robbers.”


From the foregoing it will be evident that we have really arrived at the sepulcher of an old Egyptian King unviolated by robbers and undisturbed through 3,000 years. In the official narrative given above, reference is made to the papyrus of Ramses IV. Egyptologists will remember that this papyrus gives a sketch of the ground plan of the tomb, which shows the resting place of the sarcophagus to be inside a series of a concentric boxes, or tabernacles, painted to imitate wood, precisely such as was found today.


Of Great Historic Interest


The historical interest of the discovery is, therefore, enormous.


What also may be taken as reasonably certain is that the construction of these successive tabernacles, which successfully baffled the ancient robbers, makes the immediate opening of them impossible. The actual sight of King Tut-ankh-Amen where he lies will have to be postponed to some time indefinite. The period of his long and lonely watch is not yet ended.


Each of those who entered today is enthusiastic, if rather incoherent, in admiration of the new hoard of articles lying in the further chamber. This is merely a room hewn out of the rock, never having had a door built in it. So it has always been open to access from the chamber containing the tabernacles. The view, therefore, of its contents is unobstructed.


What especially struck all who saw it was the shrine spoken of above with the four guardian goddesses, all with their faces turned to the entrance as if pleading not to be disturbed. The workmanship of this is most beautiful. The greatest admiration is also expressed for some alabaster vases, said to be much lovelier even than the lovely ones formerly discovered. They are apparently white, not having become yellow by age. The statuettes and so forth seen are undoubtedly of the greatest beauty and value, while the number of unopened boxes with their seals unbroken give promise of an unprecedented harvest of precious things.


Great Problem Faces Discoveries


With the contents of the annex to the outer chamber still awaiting attention added to this new amazing store of wonders the mere embarrassment of riches confronts Lord Carnarvon and Mr. Carter with a serious problem, even though no attempt is made to touch for awhile the tabernacle of the King. The immensity of the whole thing makes one gasp.


The actual ceremony of breaking through the sealed door started at 1:45 p.m. Luncheon was over a little after I and the party, led by Lord Carnarvon and Sir William Garstin, made their way from the staff dining room in a cache to the tomb, into the well of which all descended.


A short interval elapsed for the arrival of M. Lacau, with Abdel Hamid Soliman Pasha, Under Secretary for Public Works.


After various introductions Mr. Callender removed the grille and descended the passage in order to unlock the steel gate. All present then proceeded to take off their coats, for not only was the opening process likely to be lengthy, but the atmosphere was certain to be sultry, to say the least of it.


There was a slight hitch owing to the failure of the electric current. A few moments were full of tense suspense, and even those watching from the parapet could sense the suppressed excitement which possessed each of those standing below at the top of the steps, on the lookout for the signal when they were to descend to experience the moment for which they had waited three months, when, before their eyes, the crumbling wall would reveal the mystery that had lain behind it for 3,000 years.


At last Mr. Callender sent up word that the light was on, and Mr. Carter and then Lord Carnarvon with Lady Evelyn Herbert close at hand, followed by Sir William Garstin, Abdel Hamid Soliman Pasha, M. Lacau, Mr. Engelbach, Professor Breasted, Dr. Gardiner, Mr. Lythgoe and others, descended into the antechamber. There were twenty in all, to whom must be added the laborers who carried down the huge trays for the reception of seals, &c.


Carter Eulogizes Carnarvon


Before the actual work started, Mr. Carter made a little speech in which he stated that all that had been done and anything that the wall might reveal was entirely due to Lord Carnarvon. He thanked every one for coming to the ceremony and expressed his gratitude to the Metropolitan Museum for the great assistance it had given, and also the Egyptian Government. They had still most important work to do, he said, and much might be damaged if improperly handled. He hoped that they would be allowed to carry it to completion in peace, for after all they were all working for the sake of science.


Lord Carnarvon followed with a few words, likewise expressing thanks to those present, to the Egyptian Government, and particularly to Mr. Lythgoe and the Trustees of the Metropolitan Museum for their ready assistance and sympathy and the loan which they made of their experts, who were probably the best experts in the world, for carrying out a very important and delicate work and dealing in a proper and in a scientific manner with the treasures of this tomb.


Lord Carnarvon concluded by saying that it was entirely due to Mr. Carter that they made this scientific discovery, for Mr. Carter, by his unquenchable faith and indomitable perseverance, had “bucked him up” in the face of the many previous disappointments they had experienced.


Mr. Carter then turned to the sealed wall and began breaking it with a chisel and mallet. In a short time he had remove d a large piece; which revealed the wooden lintel of the door. By about 3 o’clock sufficient had been removed to enable Mr. Carter to enter, and shortly afterward a large portion of the wall came away, revealing to the dazzled and spellbound gaze of the spectators the wonderful spectacle described above.


The Queen of the Belgians and Prince Leopold, traveling incognito as the Countess de Rethy and Count de Rethy, and accompanied by Professor Cappart, arrived by special train this morning, having come through direct from Alexandria without changing, and with but a few minutes’ halt at Cairo. She was met at the station by Abdel Aziz Bey Yeha, Governor of the province, with the Sub-Governor and other officials, and Colonel J. K. Watson. The Queen is staying at the Winter Palace Hotel. This is the Queen’s second visit, the first being in 1911, when she came with the King and stayed about two months, while he went to the Sudan on a shooting expedition.


—February 16, 1923



Doors to the Ancient World Unlocked by Archaeologists


By R. L. DUFFUS


Another link in the long chain of archaeological discovery was forged the other day when excavators dug into a house at No. 4 Street of Abundance at Pompeii and found relics which had lain hidden during more than two and a half centuries of systematic exploring of the long-buried city. Silver plates, gold bracelets, rings, necklaces, spoons, a mirror, a silver jug, a perfume container, a “fresco of surpassing beauty” and a varicolored statue of Apollo were among the finds which, with others previously made, tell us more about Pompeii than some of the Pompeiians themselves may have known.


But Pompeii is but one important chapter in a narrative full of drama and rich with meaning—the story of modern archaeology. The Rosetta Stone, which gave the key to the language of ancient Egypt; the carvings at Behistun, which performed the same service for the languages of ancient Mesopotamia; the excavations which uncovered Troy, Mycenae and the Cretan Knossos, revealing many mysteries of the Mediterranean civilization which flourished when Athens was a barbaric village; the finding of the long-lost tomb of Tut-ankh-Amen, with its incredible store of artistic riches—these are high points in a narrative as thrilling as any in modern history.


In the following article are sketched these outstanding triumphs of the great diggers and decipherers whose work has given us a perspective on our own civilization by revealing to us the great civilizations of the past.


Pompeii


On Aug. 24. AD 79, the Roman world of the emperors was near the height of its gilded glory. Vespasian was on the throne, Christianity was an obscure sect whose adherents were mainly among the submerged masses; the gods were worshiped in pillared pagan temples, and the Roman exquisites, yawning a little, declared themselves the ultimate products of a civilization which promised to endure forever. Then a mountain called Vesuvius, above what is now called the Bay of Naples, suddenly exploded, and two cities, Pompeii and Herculaneum, disappeared under a thick covering of ashes and lava. Pliny the Elder, naturalist and politician, venturing too near, was suffocated.


The Roman world lived out its span of life and perished, leaving a few arches, some broken walls and some battered statues as evidence of what it had been. Pompeii and Herculaneum, underneath the ashes and lava, were ultimately forgotten. Yet the disaster which seemed to have destroyed them actually preserved them, while the rest of the great empire went to ruin. By digging down through a few feet of earth modern archaeologists have learned more about the everyday life of the Romans of the empire than all the Latin books could tell them.


It was not, however, an archaeologist who first broke into Pompeii in modern times. Italian workingmen, digging an aqueduct across the site at the end of the sixteenth century, were amazed to find themselves tunneling through a burled city. Curiosity was aroused and some relics were removed, but it was not until the middle of the eighteenth century that anything like a systematic attempt to lay bare the ancient town was made.


The City That Was


Yet this discovery made by Domenico Fontana’s pick-and-shovel gang ranks among the most significant of archaeological triumphs. If it did not carry the diggers back into the abysses of time, as some later excavations have done, it revealed most intimately and touchingly the details of life and death nearly nineteen centuries ago. Not only were there works of art but election placards, naughty descriptions scrawled by schoolboys, signs warning passers-by to beware of dogs which have not barked or bitten for fifty-six generations, skeletons lying as their owners died, and holes in the lava retaining the forms and even the features of men and women who had long ago breathed their last.


Such was and is Pompeii. To enter its cleared streets, to break in upon another of its hurled houses, is like intruding unseen upon the turbulent existence of a city which for nearly two millenniums has no longer existed.


The Rosetta Stone


Pompeii required one kind of digging, and a rather simple kind. The Rosetta Stone, found by one of Napoleon’s officers near the town of that name, at the mouth of the western branch of the Nile, in 1799, called for digging of another and far more intricate sort. On this slab of black basalt, forty-five inches long and twenty-eight and one-half inches wide, there are three inscriptions, one in Greek, two in the ancient Egyptian. Of the latter the upper was in hieroglyphics, the language of the Egyptian monuments, long forgotten and until that time undecipherable. The only clue lay in the fact that the Greek could be read. By this means it was found that the stone bore a decree of Ptolemy V, about 196 BC.


Two men, Dr. Young, an English physician, and a Frenchman, Jean-François Champollion, almost literally gave their lives to the translation of the hieroglyphics. Young, after four years of arduous labor, succeeded in translating only ninety characters. The difficulties were enormous, for he was dealing not only with a dead and unknown language but with what amounted to a secret cipher. The problem was much the same as though one were required to read a Chinese newspaper with no previous knowledge of Chinese and with only a copy of an English newspaper of the same date to check it by. Young had to do a great deal of guessing. Sometimes he guessed totally wrong and had to discard the results of many months of work.


The Work of Champollion


Champollion, working at the Rosetta Stone independently, found the task one of extraordinary complexity. The picture-writing of the Egyptians had passed far beyond the primitive stage—almost as far as Chinese Itself. There was no way of telling, at first, whether a given sign stood for a letter, a syllable or a word. But Champollion lived with the Rosetta stone and thought and dreamed of it until he unraveled its mystery and produced the first modern hieroglyphic dictionary. But he wore himself out with his work in his study and in the field and died at the age of 42.


The Rosetta Stone, unearthed by chance and translated by an exercise of ingenuity which makes the most complicated modern puzzle seem a pastime for the feeble-minded, brought the history of ancient Egypt back to life. It let modern man into the secrets of the long-dead people of the Nile as the uncovering of Pompeii revealed to him those of the Romans of the first century of our era.



The Carvings at Behistun


The story of the Behistun carvings, which opened still another door to the ancient world, combined in about equal proportion the elements of high adventure and almost incredibly patient and ingenious scholarship. Behistun is in the province of Kermanshah, on the western frontier of Persia. Its essential feature is a great cliff, 1,700 feet high. On this cliff, 300 feet above the ground, were carved many centuries ago the figures of men and inscriptions in three languages. This was all that Henry Rawlinson knew when he first saw the spot in 1835. Rawlinson was then 25 years old. He had been an interpreter for the East India Company and was at that moment an officer in the Persian Army. He had a passion for linguistics.


Rawlinson determined to copy and translate the inscriptions. To do this he had to scale the cliff, which might have baffled even an alpinist. He did scale it repeatedly, hanging on by toes and fingers balancing on a ladder set on a ledge so narrow that the slightest false movement would have brought his studies to an instant conclusion, and meeting with more than one hair’s breadth escape. Finally he had a faithful copy of the inscriptions. All he had to do now was to translate them.


The layman will probably never understand how he did translate them, for though he soon knew that they were the same message couched in the cuneiform writing of three ancient peoples, the Persians, the Babylonians and the Medes, neither he nor anyone else knew anything about these languages. But, aided by his knowledge of existing Persian dialects and by the fact that the inscriptions were found to contain the names of two already known kings, Rawlinson solved the puzzle.


His translation was published in 1846, eleven years after he had begun his task. The Behistun rocks, it turned out, contained the boastful record of the conquests of King Darius, engraved at the order of that arrogant monarch 500 years BC. Their inaccessibility and the dryness of the desert air had preserved them for more than twenty-four centuries.


Thus the vanity of a king and the ingenuity of Rawlinson and other modern scholars made it possible to read the cuneiform inscriptions, on stone and on clay cylinders and tablets, which allow us to gaze into the ancient civilizations of Mesopotamia.



Troy and Crete


No man ever took a more roundabout way to archaeological fame than did Heinrich Schliemann, son of a German pastor in Mecklenburg-Schwerin. Schliemann was in turn a grocer’s boy, a globetrotter and a military contractor. He visited California in the early days of its history as a state and became an American citizen. With a gift for finance he accumulated a small fortune, then, because of a boyhood dream based on the reading of Homer, he determined to spend it in digging up the almost mythical city of Troy. This was in the early 1870s.


Schliemann found his way to a spot called the Hill of Hissarlik, not far from the Dardanelles. There, despite the skepticism of classical scholars, he dug. As it happened he had discovered not only the site of Homer’s Troy but of five other cities and towns. He dug clear through Homer’s city, past the walls around which Achilles had dragged Hector. He and those who completed his work found first, underneath the comparatively modern Trojan town, the relics of three successive villages, then of a community whose inhabitants used bronze and silver and which was destroyed by fire, and finally of a remotely ancient Neolithic settlement. Schliemann was hasty and enthusiastic, without the modern archaeologist’s scientific technique. But he proved that Troy had existed and he enabled scholars to tell pretty clearly how the Trojans had lived.


But Troy was evidently not the starting point of the civilization of Homeric times. Schliemann turned to the island of Crete, toward which the trails seemed to lead. Crete lies 180 miles south of the port of Athens. In ancient times it seems to have been a stepping-stone between the Grecian and the Egyptian civilizations. Its people had a highly refined culture, when the ancestors of Pericles and Phidias were uncouth, unwashed barbarians.


Schliemann dug at Mycenae, ancient Grecian city lying on the overland route between the Gulf of Argos and the Gulf of Corinth. There he found tombs and treasures of prehistoric times, showing an unmistakable Cretan influence. Then he turned to Crete itself and stuck his spade into the ground at Knossos. But he died, and an Englishman, Sir Arthur Evans, took up the work where he left off. And Evans found the legendary palace of King Minos, who had the fabled Minotaur for a pet.


Something of the spirit of this ancient civilization of the time of Minos may be discerned in the Cretan exhibits in the Metropolitan Museum in New York City. No one can look at them without knowing that the ancient Cretans loved color, that they had a fine and vigorous art, and that they were, despite a grim religion which demanded human sacrifices, a joyous race.


Tomb of Tut-ankh-Amen


From the days of the Rosetta Stone Egypt has been the paradise of antiquarians. It has witnessed discoveries which fairly take the breath away with their significance and beauty. There has been none, however, more splendid in itself nor more dramatic in its circumstances than the finding of the tomb of Tut-ankh-Amen by Lord Carnarvon and Howard Carter. These two men, according to their own reports, moved 70,000 tons of sand and gravel and sifted much of it with their own hands before they found what they were looking for. Even then they did not find quite what they sought—they found something far more wonderful.


Carter came upon the entrance to the tomb after fruitless weeks of digging. In the whole area of the Valley of the Kings, by instinct, science and luck combined, he hit the right spot, though it was but a few feet wide.


Though the discovery was made eight years ago its glories are still fresh in men’s minds. Those glories were almost a shock to the modern consciousness, for they showed that 3,300 years ago the Egyptians had reached a cultural point which was in its way very near perfection. They had for the moment broken away from the chains of an ancient and inhibiting religion and for the first time gazed upon the beauties of nature with wide-open eyes.


Simultaneously their skill in the arts and crafts had reached a point where they could express in stone, gold, wood and colors what they saw and felt.


Thus the archaeologist the world over is enriching history in a manner not dreamed of a few decades ago. Where he digs wisely and scientifically we no longer have to depend on the written records of biased or incompletely informed historians. We see and handle the objects which were part of the daily lives of peoples now long vanished or absorbed by other races. We realize the richness of the past and perhaps abate something of the arrogance which once arose from the belief that modern civilization was the high point in human endeavor. In the arts, at least, we know now that the almost inconceivably remote past can successfully compete with us.


By penetrating the earth or reading the inscriptions on the rocks the archaeologist is adding to history a new dimension.


—December 28, 1930



Scientist Stumbles Upon Method to Fix Age of Earth’s Materials


Experiments with nuclear energy have accidentally uncovered a method of determining with relative accuracy the age of earth’s materials by measuring their radiocarbon content, an associate of the Institute of Nuclear Studies, University of Chicago, reported yesterday.


Dr. Willard F. Libby, 40-year-old chemistry professor, who stumbled on the technique two years ago when studying cosmic ray action on the atmosphere, said it might enable scientists to fix dates of “living materials” up to 25,000 years old. He developed a special Geiger counter in connection with the “dating” technique.


Colleagues, anthropologists and archaeologists have greeted the discovery as a tremendous advance. It now will be possible, it was said, to date the early pre-Columbian civilizations in the Western Hemisphere as well as to explore Earth’s chemical composition in the Pleistocene Age (600,000 to 10,000 BC).


Dr. Libby emphasized, however, that the testing of materials with his Geiger counter would not be effective on anything beyond 25,000 years of age. He said he hoped to create a calendar to set the ages for such material as wood, charcoal, well-crystallized shell and teeth.


He reported his discovery at an opening session of the twenty-ninth International Congress of Americanists at the American Museum of Natural History before 300 scientists from thirty-five countries. Collaborating in the experiment were Dr. E. C. Anderson of the University of Chicago and Dr. A. V. Grosse, president of the Temple University Research Institute.


Their experimentation established that radiocarbon was generated some 30,000 feet up in the atmosphere and that a “steady state condition” has existed on earth for a long time. Dr. Libby estimated then that there must be present somewhere on earth a total of thirty-three metric tons of radio-carbon.


This amount, he explained, is several million times, the amount of the isotope likely to be manufactured by the Atomic Energy Commission “over a period of many years.”


Originating in the air, the carbon atoms produce carbon dioxide, the essential food for plants, hence are radioactive, Dr. Libby reasoned. Since animals and humans eat plants, they also are radioactive as are all things not isolated from the atmospheric life cycle.


Dr. Libby defined life as plants’ assimilation of carbon dioxide from the air and the returning of carbon dioxide to the air by the animals that have eaten the plants.


“One then expects,” he explained, “that death terminates the flow of radiocarbon atoms into the organism to replace those which are steadily disintegrating to form nitrogen.”


Since this disintegration rate is immutable, he added, the elapsed time since death can be measured by determination of the radiocarbon “assay” and comparing it with the general worldwide assay which was obtained at the time of death. The word “assay” is equivalent to the measurement of radioactivity.


He made the point that materials must contain exactly the same carbon atoms they had at time of death, and that their cosmic ray intensity must have remained constant over tens of thousands of years.


Dr. Libby reported that Dr. James Arnold of the University of Chicago collaborated during the last two years to “prove” the method. Using the special Geiger counter, they measured samples of wood that had their origins in antiquity. They were thus able to check for accuracy because a tree’s age can be determined by its number of rings.


Wood samples collected from all parts of the world included fragments from a floor of a room in a palace of the “Syro-Hittite” period in northwestern Syria, dated at 625 to 725 BC; a California redwood tree felled in 1874; and wood from “a mummiform coffin from Egypt dated in the Ptolemaic period, 332 to 30 BC. Two samples came from the tomb of Egyptian kings, whose coffins were dated 4,600 years ago.


Measurements were lumped and they agree with one another. In further investigations some eleven different major dating questions were selected and prominent scientists in each case were invited to collaborate. The venture was supported financially by the Viking Fund of New York.


Dr. Libby said that within the next year a “decisive” test of the method would be obtained through the other inquiries. Some twenty-five “unknown” samples have been measured with satisfactory results.


“We have reason to believe,” Dr. Libby said, “that ages up to 15,000 to 20,000 years can be measured with some accuracy by the present method, and we hope to go to 25,000 years.”


Dr. Helmut de Terra, who is associated with the Viking Fund, said at the symposium that he had supplied many samples to Dr. Libby that had been collected from the core of the Pyramid of the Sun at Teotihuacan in the Valley of Mexico, said to be one of the oldest pyramids in this hemisphere. The pyramid’s age had never been known but estimates had ranged up to 15,000 years. The Geiger counter set the correct age as 2,951 years.


Wider information of scientific validity is looked for which may develop a historical record of the earth’s physical formation, and in that sense make the prehistoric period historic.


—September 6, 1949



Jamestown Fort, “Birthplace” of America in 1607, Is Found


By JOHN NOBLE WILFORD


On May 13, 1607, the first successful English settlement in what is now the United States got off to an unsteady start at a swampy island in a broad tidal river. The 104 settlers of the Virginia Company named the place James Fort, later Jamestown, after the sovereign for whom more than half would die in a few wretched months.


This was the colony where Capt. John Smith made his name in history and Pocahontas, a young daughter of the powerful Indian chief Powhatan, became a legend befriending the beleaguered English and supposedly rescuing Captain Smith from death. Looking back from the 19th century, the orator Edward Everett spoke of the Jamestown fort in tidewater Virginia as the place “where the first germs of the mighty republic … were planted.”


All traces of the original fort, however, had been lost for more than two centuries. The log fort burned a year after it was built. Buried remains of the wall, along with any weapons, ceramics and other artifacts, were thought to have been washed away by changing currents of the James River. Anything of the first structures at the first permanent English settlement in America seemed beyond recovery.


But archeologists announced yesterday that the lost had been found. In recent excavations, they uncovered stains of decayed wood where they said logs of the palisade wall had stood in the ground.


From this they established the three-sided fort’s footprint, determining the outlines of a rounded bastion at one of the three corners and the angle at which the walls were joined. Archeologists said these observations conformed exactly with contemporary written descriptions of the original fort.


Archeologists also reported finding traces of two buildings within the fort, evidence of glass-making and copper-working industries there and thousands “of other artifacts, including swords, armor, a smoking pipe, jewelry, ceramics and coins.


A grave at the site held the well-preserved skeleton of a white man in his early 20s who probably died of a gunshot wound, a fate raising intriguing questions about murder or mutiny or other tempests.


In making the official announcement at Jamestown Island, Gov. George Allen of Virginia declared, “We have discovered America’s birthplace—the original fort.”


Dr. William Kelso, the director of archeology of the Association for the Preservation of Virginia Antiquities, which owns the site and supported the excavations, said in a telephone interview that the artifacts should afford historians a clearer view of “a very early Colonial society” in the time of Queen Elizabeth I and her successor, James I.


Among the most interesting finds, Dr. Kelso said, were dozens of sky-blue glass beads apparently manufactured by the colony for trade with the Indians. “John Smith got himself out of hot spots by trading these beads,” he said.


The project, which is also supported by the National Geographic Society, is expected to excavate most of the site of the one-acre fort and surrounding town ruins by the 400th anniversary of Jamestown, in 2007.


“Any time we get early Colonial artifacts, it’s important,” said Dr. James Axtell, a historian at the College of William and Mary in Williamsburg, Va., an expert on early encounters between Europeans and American Indians.


“There’s also the symbolic significance here. Jamestown represents the founding of Virginia and of English America, even though other places are better examples of successful colonization.”


Indeed, if John Rolfe, who married Pocahontas, had not developed a hybrid tobacco in 1613 that won a ready market in London and the first economic boost for the colony, historians say, Jamestown would have become just another Colonial failure.


An earlier English settlement, in 1584 at Roanoke Island, in present-day North Carolina, was a disastrous failure. In 1562, French Huguenots had no more luck with their Charlesfort, the site of which on the South Carolina coast was discovered earlier this year.


In 1565, the Spanish founded St. Augustine in what is now Florida and which is the oldest permanent European settlement in North America outside Mexico.


Jamestown’s early tribulations were many. As Samuel Eliot Morison wrote in The Oxford History of the American People, the colonists “made the usual mistake of first-comers in America by settling on a low, swampy island.” They also put down among a mighty Indian confederacy, which made its first attack on the fort on May 26, 1607.


So because of malaria, starvation and death at the hands of Indians, only 38 of the original 104 settlers lived through the first year. High mortality and bad management led to rumblings of mutiny, which provoked harsh punishment. Supply ships from England were few and inadequate; one relief ship became wrecked on Bermuda, an event that inspired Shakespeare’s The Tempest.


“It’s incredible that the colony survived,” said Dr. Axtell, the historian at William and Mary. “There was 80 percent mortality in the first 15 years. They had no way to make money in the first years. They were a poorly organized community and ill supplied. And their relations with the native people were probably the poorest of any place.”


An account of the settlement written in 1610 described the original fort as triangular in shape with a 360-foot wall on the riverside and the other two sides 300 feet long. Two sides of the fort form a 46.5-degree angle, identical to the number given in the written account.


The palisades were made of vertical planks and posts of oak and walnut. From the new excavations, it now appears that only 20 percent of the original fort may have been lost to the river. When the fort burned in 1608, it was replaced with a five-sided fort enclosing about four acres.


The excavators were surprised by the number of military artifacts at the site, said Dr. Kelso of the Antiquities Association. In a trash pile buried near one building, they found a helmet and metal breast plate of the type Captain Smith is depicted wearing in a contemporary engraving.


Archeologists also found a smoking pipe, marked with the letter S. “I’m not saying it’s his,” Dr. Kelso said, referring to Smith. “But who knows?”


The most recent discovery was of a young man’s skeleton in a grave inside the fort. Forensic experts from the National Museum of Natural History in Washington examined the skeleton on Wednesday.


From the outline of wood decay and presence of nails, the scientists said, the man had been buried in a wooden coffin. The shape of the nose, teeth and cheekbones indicated that he was a European. Archeologists suspected that he was buried in the first two or three years of the colony.


Dr. Douglas W. Owsley, a forensic anthropologist at the Smithsonian Institution, said the man had definitely met a violent end. Both the tibia and fibula of the right lower leg were fractured, with a metal ball resting at the fracture site. There was a hole in one of the shoulder blades, which could be another gunshot wound.


Since the Indians did not have guns at that time, was this evidence of a murder among disgruntled settlers, an accident or an execution? That will be a problem for historians, who must comb through colony documents searching for references to men dying of gunshot wounds.


Dr. Owsley said there was an account of a man who had been killed as the result of a mutiny but also an account of an Indian who had seized a gun from a settler and shot him.


Anthropologists are more interested in studying the skeleton and any others found at the fort for insights into the nutrition, diseases and other physical conditions of early 17th-century people living in the harsh Colonial circumstances.


The fort site has so far yielded nothing to embellish the familiar story of Captain Smith and Pocahontas. Many historians suspect that elements of the story border on myth.


In an interview, Dr. Axtell of William and Mary said historical documents had failed to support the notion that Captain Smith and Pocahontas had a love affair. But she did go out of her way, often at great risk, to bring food to the English and warn them of impending attacks.


“I read her as a kind of traitor to her people, particularly to her father, Powhatan,” the historian said.


Moreover, according to revisionist history, when Captain Smith was captured by Indians, he was held hostage and exchanged for goods, not freed by Pocahontas.


“The story that she saved him was added in much later editions of Smith’s writings, as an afterthought,” Dr. Kelso said.


—September 13, 1996



Bones Under Parking Lot Belonged to Richard III


By JOHN F. BURNS


Until it was discovered beneath a city parking lot last fall, the skeleton had lain unmarked, and unmourned, for more than 500 years. Friars fearful of the men who slew him in battle buried the man in haste, naked and anonymous, without a winding sheet, rings or personal adornments of any kind, in a space so cramped his cloven skull was jammed upright and askew against the head of his shallow grave.


On Monday, confirming what many historians and archaeologists had suspected, a team of experts at the University of Leicester concluded on the basis of DNA and other evidence that the skeletal remains were those of King Richard III, for centuries the most reviled of English monarchs. But the conclusion, said to have been reached “beyond any reasonable doubt,” promised to achieve much more than an end to the oblivion that has been Richard’s fate since his death on Aug. 22, 1485, at the Battle of Bosworth Field, 20 miles from this ancient city in the sheep country of England’s East Midlands.


Among those who found his remains, there is a passionate belief that new attention drawn to Richard by the discovery will inspire a reappraisal that could rehabilitate the medieval king and show him to be a man with a strong sympathy for the rights of the common man, who was deeply wronged by his vengeful Tudor successors. Far from the villainous character memorialized in English histories, films and novels, far from Shakespeare’s damning representation of him as the limping, withered, haunted murderer of his two princely nephews, Richard III can become the subject of a new age of scholarship and popular reappraisal, these enthusiasts believe.


“I think he wanted to be found, he was ready to be found, and we found him, and now we can begin to tell the true story of who he was,” said Philippa Langley, a writer who has been a longtime and fervent member of the Richard III Society, an organization that has worked for decades to bring what it sees as justice to an unjustly vilified man. “Now,” Ms. Langley added, “we can rebury him with honor, and we can rebury him as a king.”


Other members of the team at the University of Leicester pointed to Ms. Langley as the inspiration behind the project, responsible for raising much of the estimated $250,000—with major contributions from unnamed Americans—it cost to carry out the exhumation and the research that led to confirmation that indeed Richard had been found.


Ms. Langley’s account was that her research for a play about the king had led her to a hunch that Richard’s body would be found beneath the parking lot, in a corner of the buried ruins of the Greyfriars Priory, where John Rouse, a medieval historian writing in Latin within a few years after Richard’s death, had recorded him as having been buried. Other unverified accounts said the king’s body had been thrown by a mob into the River Soar, a mile or more from the priory.


Richard Taylor, the University of Leicester official who served as a coordinator for the project, said the last piece of the scientific puzzle fell into place with DNA findings that became available on Sunday, five months after the skeletal remains were uncovered. At that point, he said, members of the team knew that they had achieved something historic.


“We knew then, beyond reasonable doubt, that this was Richard III,” Mr. Taylor said. “We’re certain now, as certain as you can be of anything in life.”


The team’s leading geneticist, Turi King, said at a news conference that DNA samples from two modern-day descendants of Richard III’s family had provided a match with samples taken from the skeleton found in the priory ruins. Kevin Schurer, a historian and demographer, tracked down two living descendants of Anne of York, Richard III’s sister, one of them a London-based, Canadian-born furniture maker, Michael Ibsen, 55, and the other a second cousin of Mr. Ibsen’s who has requested anonymity.


Dr. King said tests conducted at three laboratories in England and France had found that the descendants’ mitochondrial DNA, a genetic element inherited through the maternal line of descent, matched that extracted from the parking lot skeleton. She said all three samples belonged to a type of mitochondrial DNA that is carried by only 1 to 2 percent of the English population, a rare enough group to satisfy the project team, pending more work on the samples, that a match had been found.


When she studied the results for the first time, she said, she “went very quiet, then did a little dance around the laboratory.”


Even before the DNA findings came in, team members said, evidence pointed conclusively at the remains as being those of the king. These included confirmation that the body was that of a slight, slender man in his late 20s or early 30s—Richard was 32 at his death—and an analysis of his bones that showed that his high-protein diet had been rich in meat and marine fish, characteristic of a privileged life in the 15th century.


Also strongly indicative, they said, was the radiocarbon dating of two rib bones that showed that they were those of somebody who died between 1455 and 1540. In addition, team members said, the remains showed an array of injuries consistent with historical accounts of the fatal blows Richard III suffered on the battlefield, and other blows he was likely to have sustained after death from vengeful soldiers of the army of Henry Tudor, the Bosworth victor, who succeeded Richard as King Henry VII.


The fatal wound, researchers said, was almost certainly a large skull fracture behind the left ear that was consistent with a crushing blow from a halberd, a medieval weapon with an axlike head on a long pole—the kind of blow that was described by some who witnessed Richard’s death. The team also identified nine other wounds, including what appeared to be dagger blows to the cheek, jaw and lower back, possibly inflicted after death.


But perhaps the most conclusive evidence from the skeletal remains was the deep curvature of the upper spine that the research team said showed the remains to be those of a sufferer of a form of scoliosis, a disease that causes the hunchback appearance, with a raised right shoulder, that was represented in Shakespeare’s play as Richard III’s most pronounced and unappealing feature.


The sense of an important historical watershed was underscored when reporters were escorted to a viewing of the skeletal remains, laid out in a locked room in the university’s library, lying on a black velvet cushion inside a glass case. Two members of the university’s chaplaincy’s staff, one of them in the black-and-red robes of a Roman Catholic priest, sat beside the remains as reporters filed silently by, cautioned by university staff to behave with the “dignity” owed to a king.


Members of the Richard III Society have said in the past that they believed he should be reburied, once found, alongside other British monarchs in Westminster Abbey in London, the traditional venue for most royal weddings and burials. But in Leicester, officials said that plans were in hand to bury the bones early next year in the city’s Anglican cathedral, barely 200 yards from where the skeleton was found, with a visitors’ center dedicated to Richard to be opened in the cathedral grounds at the same time.


—February 4, 2013
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Astronomy: Of Time and the Stars



THE BIG BANG AND BEFORE
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Star Birth Sudden, Lemaître Asserts


By WALDEMAR KAEMPFFERT


Strange things happened to the universe when the physicists of the British Association for the Advancement of Science gathered today to hear such celebrities as Abbé Georges Lemaître, Professor Willem de Sitter and Sir Arthur Eddington discuss the new cosmogony.


The universe was pushed in and pulled out, blown up like a bubble and reduced to a mathematical point.


Complicated equations chalked on blackboards were evidently beautiful harmonies which these sensitively attuned mathematicians heard as a modernistic music of the spheres.


The reason for this mathematical juggling is to be found in the strange impasse to which a development of the Einstein theory of relativity has brought science. This development would make the earth, sun and stars a thousand times older than the universe itself. To extricate themselves from this uncomfortable position, relativists at Leicester wrote another chapter in the new mathematical book of Genesis.


Abbé Lemaître is especially interested in the problem presented. He is the original inventor of the closed and expanding universe. He rose to explain his latest conceptions, designed to reconcile the ages of old stars and the infant universe of which they are a part.


Lemaître Offers a Solution


“This conflict can be settled,” said the Abbé, “if the mechanism of an expanding universe is provided with some means of substituting for the slow evolution of the stars a more rapid evolution.”


So he created an entirely new universe. We start with a cloud of matter. It expands as a whole, slows down to pass over what Abbé Lemaître calls the equilibrium radius, and then continues to expand forever at a faster and faster rate.


But while the universe as a whole is thus being blown up, parts of the cloud of matter that are denser than the rest condense or shrink. In this process of contraction “diffused matter suddenly agglutinates into stars.”


In this new theory “stars and nebulae are born together in an astronomical instant; sudden evolution takes the place of the slow evolution of the stars.”


Hence the Milky Way, in which part of the solar system swims, and hundreds of millions of clusters that lie far beyond, are under this theory all a result of the collapses of matter in a universe being blown up like a bubble.


Abbé Lemaître finds some confirmation of his new theory in the work of Dr. Edwin P. Hubble of the Mount Wilson Observatory in California, but wants more.


Eddington Brings Gasps


Sir Arthur Eddington, who likes his paradoxes, has less respect for the so-called hard facts. He rose to say: “I hope it will not shock the experimental physicists too much if I say that we do not accept their observations unless they are confirmed by theory.”


The mathematicians gasped a little and Professor de Sitter protested mildly, but a moment later did a little startling on his own account by remarking that the “universe is only a hypothesis, like the atom.” M. de Sitter refused to be disconcerted by the discrepancy between the infancy of the universe and the hoary age of the stars.


“Out in California,” he illustrated, “are giant redwood trees 2,000 years old. California as a political region is only a few generations old. We see nothing strange in this because we know when California received its name and became an entity. We have to deduce what we can about California and of the universe. Hence these possible universes which we devise, hoping to find one that fits the observed facts.”


Question of Beginning


M. de Sitter sees no difficulty in adopting a point of view in which the beginning of the universe is no more remarkable a phenomenon than the crossing of the meridian by the sun.


On this supposition, the stars can be of any age. If the galaxies are now rushing away from us and from one another, there must have been a time when they interpenetrated. This interpenetration, with frequent collisions, occurred ten thousand million years ago.


In all this there was an impressive philosophic humility. He went on:


“Nature works without mathematics. Mathematics is simply a device to find out, if possible, what nature is doing. If we flounder to darkness it is not nature’s fault but mathematicians’. In the end we know little. We are convinced that our sense impressions originate in the outer world and that there is actually an outer world.


“In order to understand the outer world we must give it some mathematical form, which means that we must measure it in some way. It was in this way that mathematicians reached the conclusion that space is curved. So far as we can be certain of anything, we are certain that this is a four-dimensional universe.


Expansion Is Seen


“Moreover, we are forced to the conclusion that this universe is expanding, both because our equations tell us so and because the outer nebulae are rushing away at a rate of 12,000 miles a second.


“To conclude that the universe is expanding is the easiest way for the mathematician to account for what is actually seen.


“All these mathematicians refuse to be bound by what usually passes for common sense. That is, they allow for tricks the mind plays in making its inferences from what we see, hear and feel.”


Dr. G. C. McVittie considered this phase of the question in one part of his discussion of the expanding universe. He said:


“If our universe is flying to pieces, why is it that the sun and planets seem to be exceedingly stable and permanent? The answer is that the observer, using the instruments and methods of today, necessarily concludes that the planetary systems are fixed and unchanging in size, while the system of nebulae expands.


Workings of the Mind


“The nature of our minds is such that we instinctively endow our immediate surroundings with an element of permanency, and relegate to distant nebulae evidence of instability of the universe in which we live.”


Professor Miles Walker told the association that the expenditure of huge sums for public works as a remedy for unemployment was unsound.


“The main object,” he said, “should be to create as much wealth as possible with the least expenditure of money, and instead of employing as many as possible on some job to employ as few as possible on some job to employ as few as possible. There is no limit to the number of men who can be employed because there is no limit to the work to be done.”


Professor Walker’s solution is to produce the things people need.


“Provide them with these and they can do without money and employment,” he said. “Employment is always desirable because of the moral restraint it imposes.”


He admits it may be difficult to engage millions in producing things they need.


Long View Is Urged


“We must take a rather longer view so as to comprise in terms of wealth things not so immediately valuable but which will yield value in years to come,” he added.


Hence, he would turn the idle population loose on the construction of underground railways, bridges, extensions of electric power systems, electrification of railways and the substitution of the Diesel-electric for the steam locomotive.


In an address on the “Significance of Genetics in Evolution,” Dr. C. C. Hurst showed that new species of plants and animals can now be produced experimentally. To be sure, it is not yet known why one species is different from another, but work done with X-rays proves that ultimately the biologist must deal with atoms and electrons. Cosmic rays, he said, might be a primary force in evolution.


“The time is at hand,” Dr. Hurst predicted, “when natural selection will be largely displaced by human selection, and man himself will be able to control evolution and even determine his own destiny.”


—September 13, 1933



Peering Back in Time, Astronomers Glimpse Galaxies Aborning


By JOHN NOBLE WILFORD


In the beginning, there was light, the bursting dawn of cosmic creation. As the fireball of the Big Bang expanded and cooled, though, the light faded away and darkness fell on the young universe, by then little more than a formless sea of dark matter flecked with traces of primordial hydrogen and helium and broken only by scattered but fateful ripples.


The universe had entered what astronomers characterize as its dark age. Over a period from 300,000 years to about half a billion years after the Big Bang the darkness persisted, denying to astronomers any direct evidence of this time of momentous transformation. Somehow this epoch gave birth to the architecture of the modern universe and conditions that would eventually lead to planets and life.


But what happened in the dark age and how the light came on again is an enduring and frustrating mystery. If there was no light or other detectable radiation from the dark age, what was there to see? Besides, no telescope could see back that far. Sir Martin Rees, a cosmologist at Cambridge University in England, calls this the “most important unsolved problem in astronomy.”


In spite of the obstacles, by looking deeper and deeper into space and thus into time with new telescopes in Earth orbit and on the ground, astronomers are making progress in their search for the first light. They are at last catching sight of some of the earlier, if not necessarily the first, galaxies—each observation seems to put their formation back earlier in time. Astronomers are also gathering clues to what makes up most of the universe, the mysterious dark matter, and how it and other dark-age conditions gave birth to the first stars and the first galaxies. The new knowledge is enabling scientists to test their theories and conduct increasingly detailed computer simulations of cosmic history, including the dark age.


The dark age ended when light returned to the firmament with the emergence of the first stars and then vast communities of stars gravitationally bound in galaxies. “Suddenly, the universe lit up like a Christmas tree,” said Dr. Abraham Loeb, a theoretical astrophysicist at the Harvard-Smithsonian Center for Astrophysics in Cambridge, Mass. “Somewhere in the dark age, the transition from the universe’s initial simple state to its current complex state occurred. It would be philosophically exciting to glimpse that moment.”


A few years ago, Dr. Loeb recalled, he was one of a handful of scientists studying the dark age and early star formation. But a workshop on the subject at the University of Maryland last week drew several dozen of the top observational and theoretical astronomers. “Now this has become a very hot topic,” he said.


Two weeks ago, the National Aeronautics and Space Administration released pictures taken by the Hubble Space Telescope of what astronomers think are the most distant galaxies ever studied. These galaxies probably formed in the first billion years of cosmic history, or more than 12 billion years ago. Such estimates are rough because they depend on cosmological models and chronological yardsticks based on the universe’s being about 13 billion years old, which is controversial and subject to revision.


“We have really made a step into new territory,” said Dr. Rodger I. Thompson, a University of Arizona astronomer who directed the observations with the Earth-orbiting Hubble telescope’s near-infrared camera and spectrometer.


Only an infrared camera can detect the faintest, most distant galaxies. Dust in deep space obscures most visible light, more so than radiation in the longer infrared wavelengths. And it is a phenomenon of the expanding universe that the light emitted by a galaxy gets stretched out to the redder and even near-infrared wavelengths. At distances of vanishing visibility, the infrared galactic light becomes the cosmic version of the Cheshire cat’s grin.


The more distant galaxies have a higher expansion velocity and thus a higher red shift. Since the age of the universe is still uncertain, astronomers express cosmic distance, and thus age, in terms of an object’s red shift.


Not so long ago, it was all astronomers could do to see objects at distances at a red shift of 1, encompassing vistas extending the recent half of the age of the universe. When they picked up some red shift-3 sightings, it was the equivalent of aviation’s breaking the sound barrier. In recent months, astronomers have broken the red shift-5 barrier, when the universe was only one-tenth its present age.


“We are seeing things at much higher red shifts than we once thought possible,” said Dr. John C. Mather, an astronomer at the Goddard Space Flight Center in Greenbelt, Md.


Focused on a tiny patch of sky, the Hubble’s infrared camera made a 36-hour exposure and saw more than 100 extremely faint galaxies that were absent in visible-light pictures. At least some of these galaxies are thought to have the highest red shifts ever measured. Precise measurements may have to await the development of more powerful telescopes.


“This is an exciting step into the infrared view of the universe,” said Dr. Alan M. Dressler, an astronomer at the Carnegie Observatories in Pasadena, Calif. “That’s where we’re going to be looking for galaxy formation.”


The first big break in distant observations came in 1995, when Dr. Robert Williams, director of the Space Telescope Science Institute in Baltimore, directed astronomers to concentrate the Hubble on a narrow sector of the sky, a region virtually devoid of light as seen from the ground. The telescope’s visible-light camera took a 10-day-long exposure, long enough to resolve objects at then-record distances.


The Hubble Deep Field, as the resulting multicolor picture is called, gave astronomers a remarkable view of more than 3,000 galaxies, some at distances beyond red shift 4. They were astonished to find such a dense population of galaxies so far away and so early in time. It meant that astronomers had a way to go to reach the time of galactic genesis, the frontier to the dark age.


At about the same time, a team of astronomers led by Dr. Charles C. Steidel of the California Institute of Technology in Pasadena developed a novel technique for detecting faraway galaxies using the world’s most powerful telescopes at Keck Observatory in Hawaii. By now, the astronomers have confirmed the presence of 440 high-red shift galaxies existing just a few billion years after the Big Bang. No objects at such distances had ever been examined in such close detail.


Dr. Steidel’s observations are made by the ultraviolet “dropout” technique. Ultraviolet light from a remote galaxy tends to be absorbed by hydrogen within the galaxy itself and between there and Earth. The more distant a galaxy, the more hydrogen its light encounters in the intervening space, and thus the more its ultraviolet emissions are dimmed. By seeking objects that show up in green and red filters but not in ultraviolet, the astronomers detected galaxies with red shifts from 2.2 to 4.


The Hubble Deep Field and Dr. Steidel’s snapshots have given theorists much to think about. The early galaxies appear to be smaller, more concentrated and less regular than today’s galaxies. And they are “as strongly clustered in the early universe as they are today,” Dr. Steidel said.


Small, irregular galaxies, cosmologists say, fit their models in which structure in the universe evolved from the bottom up, and not from the top down. That is, galaxies presumably started as small collections of stars and these merged to form much larger objects, instead of stars starting out in extraordinarily vast congregations and then fragmenting into galaxies.


“The small, young objects we find are still in the process of formation,” Dr. Loeb said, explaining why the findings seem to support a growing consensus in favor of the bottom-up interpretation.


The observations also suggest that cosmologists are on the right track with their ideas about the nature and amount of cosmic mass. Years of studying the rotations of galaxies near and far have convinced scientists that there is much more to the universe than what they can see. Galaxies would have disintegrated long ago if they were not held together by more gravity than ordinary matter can account for. Most of the universe’s mass, maybe as much as 99 percent, must be in some mysterious “dark” form.


In Before the Beginning, published this year by Perseus Books, Dr. Rees of Cambridge writes, “Clearly we will never understand galaxies properly until we understand the dominant stuff whose gravity binds them together.”


The favored hypothesis predicts the existence of cold dark matter, exotic and as yet unknown subatomic elementary particles that emerged from the Big Bang. They are so small and slow that they virtually never interact with each other or with ordinary matter except through gravity and thus produce no detectable radiations. Yet they could have supplied the decisive gravitational force to marshal ordinary matter into galaxies and clusters of galaxies.


It all began, according to theory, with tiny ripples in the cosmic microwave background radiation, the detectable afterglow of the Big Bang that is the source of much knowledge about the universe’s first 300,000 years. These slight fluctuations in radiation, confirmed and plotted by COBE, the Cosmic Background Explorer spacecraft, in the early 1990s, are caused by irregularities in the density of matter in the Big Bang. Such clumps of dark matter would have attracted ordinary matter to create larger clumps and set in motion agglomerations leading to stars and galaxies.


Computer-generated simulations based on the COBE findings and many other physical data and assumptions have showed that a universe dominated by hot dark matter, an alternative idea invoking known fast-moving particles called “neutrinos,” should have resulted in a top-down creation in which much larger conglomerations of matter would form first and then break up into galaxies. This scenario, however would result in a much longer dark age than now appears to be the case. Cold dark matter, on the other hand, should have formed galaxies on small scales and at a relatively early time. Which is just what the new observations are revealing.


In February, astronomers announced the first detection of a red shift-5 object, a young galaxy that existed when the universe was only 8 percent of its present age. They had crossed the frontier into the first billion years of the universe, with the boundary to the dark age still not in sight.


Working at Keck Observatory, a team led by Dr. Arjun Dey of Johns Hopkins University in Baltimore measured a red shift of 5.34 for the early galaxy, meaning that it was shining 820 million years after the Big Bang (also assuming an age of 13 billion years for the universe).


“Now that we know what to look for, I’m sure this record will be broken in a matter of months,” Dr. Dey remarked at the time.


Sure enough, in May astronomers at the University of Hawaii and Cambridge University reported sighting a more distant galaxy with a 5.64 red shift, pushing back galactic discovery about 60 million years. One of the discoverers, Dr. Esther M. Hu, said astronomers were on the verge of seeing galaxies back to about 500 million years after the Big Bang.


Dr. Loeb noted two intriguing clues that light had returned to the universe at least that early, perhaps at red shifts beyond 10. Both came from observations of light from quasars, cores of distant galaxies and the brightest objects in the universe. Because the quasar light passes through clouds of hydrogen gas before it reaches Earth, it serves as a probe of the cosmic environment out to great distances.


The fact that the quasar light is not absorbed by the gas, Dr. Loeb said, is evidence that nearly all of the hydrogen atoms in deep cosmic space have been ionized, their electrons stripped away by ultraviolet radiation. Such radiation could have come only from a large population of stars at red shifts beyond that of the quasars. Other quasar studies yielded the second clue: some of the distant gas clouds contained not only hydrogen but heavy elements like carbon, which are produced only by the nuclear furnaces inside stars and scattered through space when stars explode at the end of their lives. So there had been stars living and dying long before these early galaxies.


“We are going to fainter and fainter objects and getting smarter and smarter each month,” said Dr. Dressler of the Carnegie Observatories. “But we’ve pushed just about as far as we can expect from today’s telescopes, even the Keck or the Hubble.”


Astronomers are in the early stages of planning a more powerful replacement for the orbiting Hubble telescope. Called the Next Generation Space Telescope, it is expected to be launched a million miles into space in 2007 and be able to detect infrared emissions from objects 400 times fainter than those being studied with any of today’s ground-based and orbiting infrared telescopes. Its mirror will be nearly three times larger than Hubble’s.


With the new telescope thus able to gather so much more light, Dr. Mather of the Goddard Space Center said, astronomers in exposure times as short as two weeks should “see as far as you can imagine seeing.” They should be able to make out galaxies with red shifts of 10 or more.


That might be just enough to observe the first stars and galaxies and understand more about how the early universe passed its long night of darkness organizing itself to bring form and light everywhere.


—October 20, 1998



What Happened Before the Big Bang?


By DENNIS OVERBYE


Like baseball, in which three strikes make an out, three outs on a side make an inning, nine innings make a regular game, the universe makes its own time. There is no outside timekeeper. Space and time are part of the universe, not the other way around, thinkers since Augustine have said, and that is one of the central and haunting lessons of Einstein’s general theory of relativity.


In explaining gravity as the “bending” of space-time geometry, Einstein’s theory predicted the expansion of the universe, the primal fact of 20th-century astronomy. By imagining the expansion going backward, like a film in reverse, cosmologists have traced the history of the universe credibly back to a millionth of a second after the Big Bang that began it all.


But to ask what happened before the Big Bang is a little bit like asking who was on base before the first pitch was thrown out in a game, say between the Yankees and the Red Sox. There was no “then” then.


Still, this has not stopped some theorists with infinity in their eyes from trying to imagine how the universe made its “quantum leap from eternity into time,” as the physicist Dr. Sidney Coleman of Harvard once put it.


Some physicists speculate that on the other side of the looking glass of Time Zero is another universe going backward in time. Others suggest that creation as we know it is punctuated by an eternal dance of clashing island universes.


In their so-called quantum cosmology, Dr. Stephen Hawking, the Cambridge University physicist and author, and his collaborators envision the universe as a kind of self-contained entity, a crystalline melt of all possibilities existing in “imaginary time.”


All these will remain just fancy ideas until physicists have married Einstein’s gravity to the paradoxical quantum laws that describe behavior of subatomic particles. Such a theory of quantum gravity, scientists agree, is needed to describe the universe when it was so small and dense that even space and time become fuzzy and discontinuous. “Our clocks and our rulers break,” as Dr. Andrei Linde, a Stanford cosmologist, likes to put it.


At the moment there are two pretenders to the throne of that ultimate theory. One is string theory, the putative “theory of everything,” which posits that the ultimate constituents of nature are tiny vibrating strings rather than points. String theorists have scored some striking successes in the study of black holes, in which matter has been compressed to catastrophic densities similar to the Big Bang, but they have made little progress with the Big Bang itself.


String’s lesser-known rival, called “loop quantum gravity,” is the result of applying quantum strictures directly to Einstein’s equations. This theory makes no pretensions to explaining anything but gravity and space-time. But recently Dr. Martin Bojowald of the Max Planck Institute for Gravitational Physics in Golm, Germany, found that using the theory he could follow the evolution of the universe back past the alleged beginning point. Instead of having a “zero moment” of infinite density—a so-called singularity—the universe instead behaved as if it were contracting from an earlier phase, according to the theory, he said. As if the Big Bang were a big bounce.


In their dreams, theorists of both stripes hope that they will discover that they have been exploring the Janus faces of a single idea, yet unknown, but which might explain how time, space and everything else can be built out of nothing. A prescription for, as the physicist Dr. John Archibald Wheeler of Princeton puts it, “law without law.”


Dr. Wheeler himself, the pre-eminent poet-adventurer in physics, has put forth his own proposal. According to quantum theory’s famous uncertainty principle, the properties of a subatomic particle like its momentum or position remain in abeyance, in a sort of fog of possibility until something measures it or hits it.


Likewise he has wondered out loud if the universe bootstraps itself into being by the accumulation of billions upon billions of quantum interactions—the universe stepping on its own feet, microscopically, and bumbling itself awake. It’s a notion he once called “genesis by observership,” but now calls “it from bit” to emphasize a proposed connection between quantum mechanics and information theory.


One implication of quantum genesis, if it is correct, is that the notion of the creation of the universe as something far away and long ago must go. “The past is theory,” Dr. Wheeler once wrote. “It has no existence except in the records of the present. We are all participators, at the microscopic level, in making that past as well as the present and the future.”


If the creation of the universe happens outside time, then it must happen all the time. The Big Bang is here and now, the foundation of every moment.


And you are there.


—November 11, 2003



THE SOLAR SYSTEM


[image: image]


The Satellites of Mars


The official report of Rear Admiral John Rodgers, Superintendent of the Naval Observatory in this city, in regard to the recent discovery of the satellites of Mars, was received at the Navy Department this morning. He says, from observations made by Prof. Asaph Hall, of the Observatory, with the 26-inch refractor, the planet Mars has been found to have at least two satellites.


Prof. Hall finds, on examining his observing book, that the satellite which was first discovered, and which he supposed was seen for the first time on Aug. 16 at 11h. 42m., had been, in fact, observed on Aug. 11, at 14h. 40m.; but as he had no opportunity at that date to wait for the planet’s motions, he failed to recognize the object as a satellite. It was, however, recognized and observed as such on Aug. 16, and has been observed, on the 17th, 18th, and 19th of August. This satellite has an apparent distance from the center of Mars of 82 seconds, and its time of revolution around the planet is 30 hours. Its magnitude Prof. Hall estimates as the 13th or 14th. The plane of its orbit has now a considerable inclining to the line of sight from the earth to Mars. At its elongations its angles of positions are 72 degrees and 252 degrees. The second satellite was discovered Aug. 17, at 16h. It appears to be quite as bright as the first one and at its elongations has nearly the same angles of position which correspond to the equator of Mars. Its apparent distance at the elongations and its periodic time are not yet known. The following are the preliminary elements of the outer satellite, as calculated by Prof. Simon Newcomb: Major axis of orbit, 82 seconds; angles of major axis, 70 degrees and 250 degrees; minor axis, 28 seconds; passage of satellite through western apsis, Aug. 19, 16h. 40m. The period of the inner satellites is so short, probably less than eight hours, that it cannot be fixed.


—August 22, 1877



The New Solar Theory


While the acknowledged masters of experimental physics in this City, such as Prof. Rood, of Columbia College, and Prof. Draper, of the University of the City of New-York, are cautious about expressing an opinion of Mr. J. Norman Lockyer’s alleged discoveries respecting the constitution of the solar atmosphere, it is very evident, from the general drift of their conversation, that, while they concede the probability that the so-called elements are not simples, they are not prepared to concede that Mr. Lockyer furnished any sufficient demonstration. This hypothesis, which has taken a new significance in view of the doctrine that all forces are but modes of one primal force, has been conditionally accepted by physicists since the days of Sir Isaac Newton, and formed the basis of the speculations of medieval science. But as Prof. Draper very cautiously observed in the course of an interview last evening, it is one thing to accept this doctrine in a vague and general way as something that may possibly be proved some time, and quite another thing to bring sure optical demonstration that such is the case.


Prof. Draper was found yesterday in his laboratory on the third floor of his residence on Madison-avenue. He laughed heartily when his attention was called to the double-leaded telegram from London that appeared in a morning journal, and called attention to a passage in Comptes Rendus (journal of the Academy of Sciences, France) for 1878, page 674. The passage occupies the space of four lines, and runs as follows:




En raisonnant d’après les analogies fournies par la manière d’agir des composés connus, j’ai mis en évidence que indépendamment du calcium, beaucoup de corps considérés commes éléments, sont aussi des corps composés.





Such, word for word, is the note in Comptes Rendus, to which the Secretary of the Academy briefly adds that Mr. Lockyer will furnish the facts in a few days, and this note, when translated into English, will be found to convey all the real information upon which the great hydrogen craze was based. While Prof. Draper would not wish to be understood as disparaging the work of a spectroscopist with whom he has had some controversy, he believes that Mr. Lockyer ought to publish his verifying facts immediately, if he has amassed sufficient data to furnish unquestionable proof of his hypothesis, and will wait patiently for the official transcript of his paper in the Transactions of the Royal Society before expressing a decided opinion. From such meagre memoranda of that paper as he has been able to obtain he is, however, constrained to maintain that such proofs have not yet been adduced as would justify the scientific world in accepting Mr. Lockyer’s claims to the discovery that hydrogen is the Protean basis of many of the so-called elements; and he is particularly cautious about subscribing to the doctrine of dissociation in the photosphere and association of the 14 elements in the color-sphere of the sun as the true explanation of the different spectra presented by the two spheres, ingenious as that doctrine is….


—January 14, 1879



Canals of Mars Called an Optical Illusion


One of those expert accountants who would make a name for himself as an efficiency engineer has estimated that if it were possible to forward telegraphic messages from the earth to Mars, and if it had been possible to send them in years long past—before telegraphy had been invented—there would still be more than sixty years to come before the planet’s sublimated population would receive news of the fighting in Belgium. The reference is not to the fighting which is going on now, but of that which ended at Waterloo almost exactly one hundred years ago.


And now, six years and more since the 1909 opposition of Mars, there has only recently been published a report by the Section for the Observation of Mars of the British Astronomical Association, under the direction of E. M. Antoniadi, announcing that the famous canals of Mars are an optical illusion. The entire number of canals on Mars listed in 1908 amounted to 585.


“The alleged existence of a geometrical network of canals on Mars has received a lasting and unanswerable confutation,” is the sweeping conclusion at which the Director of the British Astronomical Association has arrived, after prolonged study of the results of his personal observations of the planet, using the great Meudon refractor, the most powerful telescope in the Old World….


Mr. Antoniadi designed for his work of observation at Meudon, in France, a sliding shed which rolled about on wheels. The length (33 feet) of the rails enabled the telescope to remain at such a distance from the structure as to receive none of the waves of heat emitted by the latter. He found that a contrivance of that kind was superior to a dome or any other arrangement, for the isolated body of the reflector, exposed to the sky, cools down very rapidly, especially if a draught be produced in the tube by opening the door of the mirror for a quarter of an hour before starting work.


While observing Mr. Antoniadi discovered that it was disadvantageous to keep the eye which does no work open and troublesome to keep it closed. Hence the advantage of a pair of old spectacles, in the use of which the inactive eye remains open against a black glass while the other looks in front of the eyepiece through the empty elliptical frame. It was such a pair of old spectacles that Mr. Antoniadi wore while making those observations which, with such force of scientific argument, he now asserts prove the theory of canals on the God of War, the ruddy or red planet, to be a myth only.


In working with smaller instruments he himself had, like other observers, obtained frequent glimpses of narrow, straight lines, but in the Meudon instrument these lines were seen by Mr. Antoniadi, only when the definition was bad, and the image of the planet “flaring.”With good seeing, a complex natural structure of the so-called “continental” regions of the planet was revealed, a variety of irregular bands and shadings replacing the sharp, narrow lines drawn by Giovanni Schiaparelli, the Italian astronomer.


The modern studies of Mars which have aroused so much interest, says Professor Simon Newcomb, LL.D., D.Sc., began with the work of Schiaparelli in 1877. Accepting the word “ocean” used by the older observers to designate the widely extended darker regions on the planet, and holding that they were really bodies of water, he found that they were connected by comparatively narrow streaks. In accordance with the adopted system of nomenclature, he termed these streaks “canale,” a word of which the proper rendering into English would be channels. But the word was actually translated into both English and French as “canal,” thus connoting artificiality in the supposed waterways, which were attributed to the inhabitants of the planet. The fact that they were many miles in breadth, and that it was absurd to call them canals, did not prevent this term from being so extensively used that it is now scarcely possible to do away with it….


A second series of observations was made by Schiaparelli at the opposition (or when Mars was 180 degrees from the sun) of 1879, when the planet was further away, but was better situated as to altitude above the horizon. Schiaparelli now found a number of additional channels, which were much finer than those he had previously drawn. The great interest attaching to their seemingly artificial character gave an impetus to telescopic study of the planet which has continued to the present time. New canals were added, especially at the Lowell Observatory, until the entire number listed in 1908 amounted to more than 585. The general character of this complex system of lines is described by Lowell as a network covering the whole face of the planet, light and dark regions alike, and connecting at either end with the respective polar caps there….


At their juncture are small dark pinheads of spots. The lines vary in size between themselves, but each maintains its own width throughout. But the more difficult of these objects are only seen occasionally and are variable in definiteness. One remarkable feature of these objects is their occasional “gemination,” some of the canals appearing as if doubled. “This was first noted by Schiaparelli, and has been confirmed,” asserts Professor Newcomb, “so far as observations can confirm it.”


And now Mr. Antoniadi pronounces the geometrical lines, and also the doubling of the lines, mere optical illusions, and presents a number of his own drawings side by side with those made by Schiaparelli and Lowell in support of his contention. He notes that the markings which Schiaparelli only glimpsed with his modest 8½-inch refractor were held quite steadily in the 32¾-inch refractor at Meudon….


“Now, if we consider,” says Mr. Antoniadi,


“(a) That Mars was defined in 1909 with the Meudon 32¾-in., as if he were from four to sixteen times nearer the earth than in Schiaparelli’s modest 8½-in., refractor;


“(b) That all the irregularities of the above markings were held quite steadily in the large telescope while the straight lines were only glimpsed at Milan;


“(c) That these irregular markings obey rigorously the laws of perspective, while this is too frequently not the case with the lines;


“(d) That a real narrow, dark, planetary line, like Cassini’s division in front of Saturn, is naturally, owing to reduced diffraction, much broader and far more conspicuous in a large telescope than a small one;


“(e) That minute irregular detail, utterly beyond the reach of Schiaparelli’s instruments, and confined by photography, was held steadily in the 32¾-in., when no trace of lines could be seen at all,


“We reach the conclusion, which leaves no room for doubt, that the natural appearances revealed by the great French telescope give a much more truthful representation of the details on the planet than the rude spider’s webs of the Italian astronomer.” …


—January 23, 1916



Viking Robot Sets Down Safely on Mars and Sends Back Pictures of Rocky Plain


By JOHN NOBLE WILFORD


An explorer from Earth, the robot craft Viking 1, made the first successful landing on Mars today and transmitted spectacular photographs of a rocky, wind-scoured desert plain, the site for the first direct search for life on another world.


The squat, three-legged Viking landing craft came to rest, upright and intact, on the Chryse Plain of Mars at 7:53 a.m. Eastern daylight time after a voyage of 11 months and nearly half a billion miles. The final and most suspenseful step, the craft’s descent to the surface from its mother ship in Mars orbit, took 3 hours 13 minutes.


Then, Touchdown


Responding to automatic computer commands, the lander’s rockets fired, its parachute unfurled, protective shielding broke away, more rockets were fired—and then, touchdown. It was 19 minutes, because of the great distance between Mars and Earth, now more than 212 million miles, before confirmation of the safe landing reached the control rooms here [in Pasadena, Calif.] at the Jet Propulsion Laboratory.


“Touchdown!” announced Richard Bender, one of the flight controllers. “We have touchdown. We have several indications of touchdown.”


It was an emotional moment for the scientists and engineers of the $1 billion Viking project, many of whom had spent eight years preparing for this day.


Applause and Amazement


There was applause in the control room and throughout the laboratory. There were broad smiles and moist eyes. There were soft expressions of numbed amazement at what they had wrought.


With the Viking landing begins the first surface exploration of Mars (two Soviet landings failed to produce usable data). The planet has fascinated man for centuries and been the object of legend and endless scientific speculation.


In eight days, if all continues to go according to plan, a mechanical arm on the lander is to reach out and scoop up soil samples for chemical and biological analysis by onboard instruments. This will mark the beginning of the mission’s search for signs of possible life on Mars.


Though Mars is no longer seriously thought of as an abode of “super civilizations,” as it was as recently as the early 20th century, scientists generally believe that it, of all the planets in solar system, could be the most hospitable to some forms of life.


But in addition to its life-detection laboratory, the Viking lander has instruments to study Martian soil chemistry, weather and atmosphere, seismic activity and geology. As such, it is the most sophisticated vehicle ever dispatched to a neighboring world.


At a news conference after the landing and the transmission of two clear black-and-white photographs of the spacecraft and its surroundings, James S. Martin Jr., the project manager, said: “This has got to be the happiest time of my life. It’s incredible to me that it all worked so perfectly.”


Of the Viking’s first two pictures, Dr. Thomas A. Mutch of Brown University, the geologist in charge of the imaging team, spoke with unabashed excitement, “It just couldn’t be better.”


The photographs disclosed that the 1,300-pound lander had settled on a plain strewn with rocks. Some were dark, others light. Many of them had sharp edges as if they had undergone very little erosion, but others were more rounded. The geologists on the Viking team refrained from giving more detailed interpretations of what they were seeing.


Sand and Craters


In a 300-degree panorama of Viking’s strange new surroundings there could be seen what appeared to be sand dunes, a depression that might be an eroded crater, bright patches of rocks partly buried by drifting sand, some low ridges and, out on the horizon about two miles away, a ridge that scientists said could be the rim of a large-impact crater.


Dr. Carl Sagan of Cornell University, an astronomer on the imaging team, remarked, “Even in a place chosen for its blandness, for safety reasons, Mars is an extraordinarily interesting place.”


To Alan B. Binder of Science Applications, Inc., another member of the team, the landing region seemed “very reminiscent of fairly heavily eroded lava fields one sees in Arizona and northern Mexico.”


Other scientists tended to agree, after hurried examination of the pictures, that the primary material in the area was most likely volcanic in origin, but that it had been modified by meteoric impacts, the winds of the thin Martian atmosphere and possibly water erosion.


A Bright Sky


Project scientists were surprised by the brightness of the sky. It was late afternoon on a midsummer day at the landing site. (The Martian day is 24 hours 37 minutes long, and the Martian year lasts 25 months.) A shadow in one picture suggested that a cloud, formed by the small amounts of water vapor known to be in the Martian atmosphere, might have passed over the lander. In the distant sky there were several horizontal layers of wispy clouds.


The photographs were taken by one of the lander’s two identical cameras, beginning within a minute after the touchdown. They were transmitted in the form of electronic data to the orbiting vehicle, more than 12,000 miles above the Martian surface, and then relayed to a tracking antenna on Earth.


The first picture began taking shape on television screens in the control center at 8:54 a.m. It took 22 minutes for the picture to be completed, line by vertical scan line. The photograph covered a 50-degree-wide area, as close as two feet from the spacecraft at the bottom and six feet away at the top of the screen.


Selecting Site


Between now and the time when the mechanical arm on the lander scoops up soil samples, Viking is to transmit several more pictures, including some in color and others in stereoscopic form. These will be used by scientists in selecting a promising place for the scoop to collect its samples.


The first photograph also showed that the lander’s foot pad had made little or no penetration in the firm soil. Other data indicated that it had set down gently at a velocity of 5.5 miles an hour, as planned, and that all systems aboard appeared to be functioning normally.


The exact location of the landing site has yet to be determined. But A. Thomas Young, the mission director, said that since all steps in the descent sequence appear to have gone precisely according to plan, it is assumed that the vehicle put down close to the center of its target area, an ellipse 62 miles wide and 130 miles long. It is on the western slopes of Chryse Planitia, the “gold plain” of Mars, at 22.4 degrees north latitude and 47.5 degrees west longitude.


The Viking 1 spacecraft—the combined orbiter and lander vehicles—had gone into orbit of the planet on June 19 and spent the last four weeks photographing the surface in search of a relatively flat and safe place to land….


It took 36 minutes to complete the panoramic view, a nearly complete circumference of the landing area. Often the view reduced Dr. Mutch to such unscientific expressions as “just lovely, just lovely” and “this is just an incredible scene.” At the sight of one field of boulders, he said with a grin, “As we sophisticated geologists say, those are dark rocks.”


Pictures Are Analyzed


A more detailed analysis of the photographs is already under way by geologists, physicists, meteorologists, biologists and astronomers. The quality of the pictures is also being enhanced by computer processing of the returned electronic signals.


During the transmission, President Ford telephoned from the White House to congratulate the Viking team. He spoke to Dr. James C. Fletcher, the administrator of the National Aeronautics and Space Administration, and Mr. Martin, both of whom were in the control room.


Calling it “a job well done,” Mr. Ford reminded them that their success came on the seventh anniversary of the Apollo 11 landing on the moon, the first time men set foot on another world. The president had declared July 20, 1976, Space Exploration Day.


As soon as the president hung up, Dr. Mutch continued his first-impression commentary on the incoming photographs. He noted that shadows cast by rocks on Mars were softer than those on the moon, which he attributed to the diffusion of sunlight by the thin Martian atmosphere; the moon is airless.


At one point, his excitement rising, Dr. Mutch remarked, “You just wish you could be standing there, walking across that terrain.”


Several other scientists said that the first pictures were much sharper and clearer than they had expected. They had also feared that they would lose radio contact with the lander before the completion of the panorama.


But the orbiting vehicle remained in range of Earth just long enough to complete the transmission before passing behind Mars….


At a news conference later, project scientists said that they had seen nothing in the photographs suggesting the presence of any forms of life, but they had not really expected any visible signs. Nor did they see any readily identifiable evidence of water, on or below the surface, having once eroded the area.


Orbital photographs of the regions nearby strongly suggested that floods of water once caused deep channels in the surface and left islands shaped like teardrops. The landing site was thought to be an area where sediment from those ancient floods could have been deposited. And instruments on the orbiting craft had detected significant amounts of water vapor in the atmosphere over the low-lying Chryse region.


The principal constituent of the Martian atmosphere, which is only 1 percent as dense as the Earth’s, is carbon dioxide. Small amounts of argon, a rare inert gas, were detected in the atmosphere during the lander’s descent. More substantial amounts of argon had been predicted by earlier Soviet findings and by Viking orbital observations.


The presence of sharp-edged rocks raised some scientific eyebrows, for it indicated that erosional forces (either wind or water) may not be very recent or strong. Dr. Sagan suggested three possible interpretations—either the rocks were recently fractured by some catastrophic event, or they were formed long ago but buried early and recently exhumed, or the erosional processes “are relatively feeble in this area.”


Winds of more than 200 miles an hour have been observed on Mars, creating global dust storms. But with the rarefied atmosphere, a 200-mile wind on Mars would be comparable to a 20-mile wind on earth.


In many ways, Dr. Mutch reflected, the most interesting object in the photographs was the lander itself, bristling with booms and antennas, its three legs solidly planted on the plain.


“When you go to an unknown place you look around for a friend,” he commented, “and the lander is a good friend, a very good friend.”


Its descent to the surface began when it separated from the orbiting vehicle at 4:40 a.m. The “go” command for separation had been radioed to the spacecraft computer a couple of hours beforehand. The command was a single coded word KVUGNG.


From then on, the spacecraft was on its own, operated by commands that had been programmed in its computer over the weekend.


Pyrotechnic devices were fired to release the lander from the orbiter. Three sets of springs gently pushed it away at a rate of one foot a second. The firing of eight small rockets on the edge of the lander’s aeroshell, its dome-shaped protective covering, oriented the vehicle and braked it so that Martian gravity could pull it downward out of orbit and toward the surface.


Facing Heat Shield


After a long coasting period and until just before reaching the upper fringes of the Martian atmosphere, the lander was reoriented so that its heat shield faced the angle of attack. The shield’s corklike coating material was designed to protect against entry heat of up to 2,700 degrees Fahrenheit.


Atmospheric drag and lift further slowed down the craft’s descent and kept it from plunging in too fast or too steeply. At an altitude of 19,400 feet, a 53-foot-wide parachute deployed, braking the descent to about 100 miles an hour. At 4,600 feet, the lander’s three throttable rockets fired to ease the vehicle to a soft landing.


For the first 12 seconds it was on the surface the lander radioed engineering instructions—“how-am-I” data, as the flight controllers call it—to report on its condition. There were no anomalies, Mr. Young, the mission director, reported.


Soviet Failures


Three attempts by Soviet spacecraft to land on Mars had not been so fortunate. One crashed on landing, another ceased communication after only 20 seconds on the surface, and the third failed during the descent.


Viking 2, identical to Viking 1 in every way, is scheduled to enter Mars’ orbit on Aug. 7 and go for a second landing, possibly as early as Sept. 4. It may be aimed to land in the more rugged and scientifically intriguing northern latitudes below the Martian polar cap.


But for the moment all attention here at control center was on Viking 1 and the first pictures from the surface of Mars.


Dr. Noel W. Hinners, NASA’s associate administrator for space science, admitted: “I had tears in my eyes for the first time since—well, I guess, since I got married. It’s fantastic.”


—July 21, 1976



Pluto’s Not a Planet? Only in New York


By KENNETH CHANG


As she walked past a display of photos of planets at the Rose Center for Earth and Space, Pamela Curtice of Atlanta scrunched her brow, perplexed. There didn’t seem to be enough planets.


She started counting on her fingers, trying to remember the mnemonic her son had learned in school years ago.




My Very Educated Mother Just Served Us Nine Pizzas.


Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune.





“I had to go through the whole thing to figure out which one was missing,” she said.


Pluto.


Pluto was not there.


“Now I know my mother just served us nine,” Mrs. Curtice said. “Nine nothings.”


Quietly, and apparently uniquely among major scientific institutions, the American Museum of Natural History cast Pluto out of the pantheon of planets when it opened the Rose Center last February. Nowhere does the center describe Pluto as a planet, but nowhere do its exhibits declare “Pluto is not a planet,” either.


“We’re not that confrontational about it,” said Dr. Neil deGrasse Tyson, director of the museum’s Hayden Planetarium. “You actually have to pay attention to make note of this.”


Still, the move is surprising, because the museum appears to have unilaterally demoted Pluto, reassigning it as one of more than 300 icy bodies orbiting beyond Neptune, in a region called the Kuiper Belt (pronounced KY-per).


“Pluto is noticeable by its difficulty to find,” Dr. Richard P. Binzel, a professor of planetary science at the Massachusetts Institute of Technology, said of the Rose exhibits. “They went too far in demoting Pluto, way beyond what the mainstream astronomers think.”


Dr. S. Alan Stern, director of Southwest Research Institute’s space studies department in Boulder, Colo., also dislikes the change. “They are a minority viewpoint,” he said. “It’s absurd. The astronomical community has settled this issue. There is no issue.”


The International Astronomical Union, the pre-eminent society of astronomers, still calls Pluto a planet, one of nine of the solar system. Even a proposal in 1999 to list Pluto as both a planet and a member of the Kuiper Belt drew fierce protest from people who felt that the additional “minor planet” designation would diminish Pluto’s stature.


The proposal was abandoned, and the astronomical union, which is based in Paris, released a statement reaffirming that Pluto was and is a planet. “This process was explicitly designed to not change Pluto’s status as a planet,” the organization said.


But even some astronomers defending Pluto admit that were it discovered today, it might not be awarded planethood, because it is so small—only about 1,400 miles wide—and so different from the other planets.


While the international union’s debate stirred considerable astronomical passion, the Rose Center’s Plutoless planet display has not generated much controversy or consternation.


“I learned it one way for the first 50 years,” said Mrs. Curtice’s husband, William. “I’ll learn it another way now, I guess.”


Jane Levenson, an “explainer” at the center, says that perhaps one out of every 10 visitors asks her about the missing planet. She tells them about the debate over Pluto’s status and says “a decision had to be made” as the museum was assembling the new exhibits.


“Children in particular ask,” she said. “Children say, ‘Did they forget about Pluto?’ Some even say, ‘Did you forget my friend Pluto?’”


Ilisse Familia, a sixth grader from the Good Shepherd School in Manhattan, was surprised when she heard the museum no longer counted Pluto among the planets. “No wonder I couldn’t find Pluto,” she said. “It’s kind of weird.”


As a planet, Pluto has always been an oddball. Its composition is like a comet’s. Its elliptical orbit is tilted 17 degrees from the orbits of the other planets. Pluto was discovered on Feb. 18, 1930, by Clyde W. Tombaugh, and astronomers initially estimated it to be as large as Earth. They have since learned it is much smaller, smaller than Earth’s Moon.


But Pluto continued to be called a planet, because there was nothing else to call it. Then, in 1992, astronomers found the first Kuiper Belt object. Now they have found hundreds of additional chunks of rock and ice beyond Neptune, including about 70 that share orbits similar to Pluto’s, the so-called Plutinos.


“We’re much more subtle, but not deviously subtle,” Dr. Tyson, the planetarium director, said of the Hayden exhibits. “We decided to organize the information for the visitor in such a way that Pluto’s classification would become self-evident.”


The exhibits refer to the inner four “terrestrial planets”—Mercury, Venus, Earth, Mars—and the four gas giant planets—Jupiter, Saturn, Uranus and Neptune. Pluto, a small ball of rock and ice, does not fall into either group. “Pluto does not have a family except for the icy bodies in the outer solar system,” Dr. Tyson said. “So we simply group it with the Kuiper Belt. In a sense, we’re sidestepping the definitional problem altogether.”


A display describing the solar system includes this carefully worded sentence: “Beyond the outer planets is the Kuiper Belt of comets, a disk of small, icy worlds including Pluto.”


A diagram of the planets shows eight, not nine, rings around the Sun.


Other planetariums have not followed the Rose Center’s lead. The entryway to the Adler Planetarium in Chicago includes bronze plaques of only eight planets, but that is because it opened just before Pluto was officially named. Inside, the exhibits include Pluto among the planets.


The Denver Museum of Nature and Science is building a $45 million, 30,000-square-foot space science center, scheduled to open in 2003. Those exhibits will also still count nine planets in the solar system. “We’re sticking with Pluto,” said Dr. Laura Danly, curator of space sciences at the Denver museum. “We like Pluto as a planet.”


But, she also said, “I think there is no right or wrong on this issue. It’s a moving target right now, no pun intended, what is and is not a planet.”


Planet, in the original Greek word, meant “wanderer,” referring to the dots of light that moved across the night sky. When the 16th-century astronomer Nicolaus Copernicus realized that the universe did not revolve around the Earth, Earth became another planet circling the Sun.


For Dr. Tyson, the redefining of Pluto has historical precedent. In 1801, astronomers combing the large gap between Mars and Jupiter discovered Ceres, and for a short while, Ceres was a planet. Then another large rock was found in the same region. And another. Soon it became apparent there was a ring of rocky bodies between Mars and Jupiter. Since astronomers did not want to call all of them planets, they renamed them asteroids.


Just as Ceres, which turned out to be about 580 miles wide, was reassigned from planet to asteroid, Pluto should join the Kuiper Belt objects, Dr. Tyson said. “It’s entirely analogous to the asteroid belt,” he said, “except there’s a 60-year delay between the discovery of the first and second objects.”


The new view of Pluto would recast it “from puniest planet to king of the Kuiper Belt,” Dr. Tyson said. “And I think it’s happier that way. I’m convinced our approach will prevail. It makes too much scientific sense and too much pedagogical sense.”


—January 22, 2001



Curiosity Rover’s Quest for Clues on Mars


By KENNETH CHANG


More than 3.5 billion years ago, a meteor slammed into Mars near its equator, carving a 96-mile depression now known as Gale Crater.


That was unremarkable. Back then, Mars, Earth and other bodies in the inner solar system were regularly pummeled by space rocks, leaving crater scars large and small.


What was remarkable was what happened after the impact.


Even though planetary scientists disagree on exactly what that was, they can clearly see the result: a mountain rising more than three miles from the floor of Gale.


More remarkable still, the mountain is layer upon layer of sedimentary rock.


The layered rock drew the attention of the scientists who chose Gale as the destination for NASA’s Curiosity rover, a mobile laboratory the size of a Mini Cooper.


Now, more than two years after arriving on Mars, Curiosity is climbing the mountain.


In sedimentary rock, each layer encases the geological conditions of the time it formed, each a page from the book of Mars’ history. As Curiosity traverses the layers, scientists working on the $2.5 billion mission hope to read the story of how young Mars, apparently once much warmer and wetter, turned dry and cold in what John P. Grotzinger, the project scientist, calls “the great desiccation event.”


Dr. Grotzinger remembers the first time he heard about Gale. “I looked at it, and immediately I’m like, ‘This is a fantastic site,’” he said. “What’s that mountain in the middle?”


Officially, the name is Aeolis Mons, but mission scientists call it Mount Sharp in homage to Robert P. Sharp, a prominent geologist and Mars expert at the California Institute of Technology who died in 2004.


On Earth, mountains rise out of volcanic eruptions or are pushed upward by plate tectonics, the collision of pieces of the planet’s crust.


Mars lacks plate tectonics, and volcanoes do not spew out of sedimentary rock. So how did this 18,000-foot mountain form?


In the late 1990s, NASA’s Mars Global Surveyor spacecraft was sending back images of the Martian surface far sharper than those from earlier missions, like Mariner and Viking.


Kenneth S. Edgett and Michael C. Malin of Malin Space Science Systems, the San Diego company that built Global Surveyor’s camera, saw fine layered deposits at many places on Mars, including Gale. In 2000, they offered the hypothesis that they were sedimentary, cemented into rock.


Indeed, Dr. Edgett said, it appeared that Gale Crater had been fully buried with sediment and that later winds excavated most of it, leaving the mountain in the middle.


Imagine carving out of an expanse as large as 1.5 Delawares—a mound as tall, from base to peak, as Mount McKinley in Alaska, the tallest mountain in North America at 20,237 feet.


Dr. Edgett asserts that that is plausible on Mars. He points to other Martian craters of similar size that remain partly buried. “There are places where this did happen, so it’s not ridiculous to think this is what happened at Gale,” he said.


Still, in 2007 Gale had been discarded from the list of potential landing sites for Curiosity, because observations from orbit did not show strong evidence for water-bearing minerals in the rocks. NASA’s Mars mantra for the past two decades has been “Follow the water,” because water is an essential ingredient for life.


Dr. Grotzinger asked Ralph E. Milliken, then a postdoc in his research group at Caltech, to take a closer look at Gale. With data from an instrument on NASA’s Mars Reconnaissance Orbiter that can identify minerals in the rocks below, Dr. Milliken showed the presence of clays at the base of Mount Sharp as well as other minerals that most likely formed in the presence of water.


“The fact we have this mountain, and it’s not all the same stuff—the mineralogy is changing from one layer to the next—that gives us the hope that maybe those minerals are recording the interaction of the water and the atmosphere and the rocks,” said Dr. Milliken, now a geologist at Brown.


Were water conditions there becoming more acidic? Was there oxygen in the water? “That’s something we can assess with the rover on the ground,” Dr. Milliken said.


Since its landing on Mars in August 2012, Curiosity took a detour to explore a section named Yellowknife Bay and discovered geological signs that Gale was once habitable, perhaps a freshwater lake.


After that, the rover drove to Mount Sharp, with only brief stops for science. To date, the rover, operated by NASA’s Jet Propulsion Laboratory in Pasadena, Calif., has driven more than six miles, taken more than 104,000 pictures and fired more than 188,000 shots from a laser instrument that vaporizes rock and dirt to identify what they are made of.


In September, Curiosity drilled its first hole in an outcrop of Mount Sharp and identified the iron mineral hematite in a rock. That was the first confirmation on the ground for a Gale mineral that had been first identified from orbit.


When Curiosity reaches rocks containing clays, which form in waters with a neutral pH, that will be the most promising place to look for organic molecules, the carbon compounds that could serve as the building blocks of life, particularly if the rover can maneuver into a spot shielded from radiation. (It does not have instruments that directly test for life, past or present.)


The orbiter also detected magnesium sulfate salts, which Dr. Milliken described as possibly similar to Epsom salts.


That layer appears to be roughly as old as sulfates that NASA’s older Opportunity rover discovered on the other side of Mars. If Mount Sharp sulfates turn out to be the same, that could reflect global changes in the Martian climate. Or they could be different, suggesting broad regional variations in Martian conditions.


“We’re finally beginning the scientific exploration of Mount Sharp,” Dr. Milliken said. “That was the goal.”


Along the way, Curiosity may also turn up clues to the origins of Mount Sharp. While Dr. Edgett thinks Gale Crater filled to the brim before winds excavated the mountain, others, like Edwin S. Kite, a postdoctoral researcher at Princeton who is moving to the University of Chicago as a professor, think the mountain formed as a mound, with winds blowing layers of sand together that then were cemented by transient water. “Can you build up a pile like that without necessarily filling up the whole bowl with water?” Dr. Kite said. “Perhaps just a little bit of snow melt as the pile grows up.”


He said the layers of Mount Sharp dip outward at the edges, as in an accumulating mound; they are not flat, as would be expected if they were lake sediments subsequently eroded by wind.


Dr. Grotzinger thinks that both could have happened: that Gale Crater partly filled, then emptied to form the lower half of Mount Sharp, and a different process formed the upper portion. A sharp divide between the upper and lower parts of the mountain is suggestive.


On Monday, during a NASA telephone news conference, Dr. Grotzinger and other members of the science team described new data suggesting long-lived lakes in the crater. The deposits at Yellowknife Bay could have been part of an ancient lake filled by streams flowing from the crater rim. As Curiosity drove toward Mount Sharp, it appeared to be traveling down a stack of accumulated deltas—angled layers where river sediment emptied into a standing body of water—and yet it was heading uphill. That pattern could have occurred if the water level were rising over time, and Mount Sharp was not there yet.


That does not mean Gale was continually filled with water, but it suggests repeated wet episodes. “We don’t imagine that this environment was a single lake that stood for millions of years,” Dr. Grotzinger said, “but rather a system of alluvial fans, deltas and lakes and dry deserts that alternated probably for millions if not tens of millions of years as a connected system.”


Ashwin Vasavada, the deputy project scientist, said that to explain the episodes of a lake-filled Gale crater, “the climate system must have been loaded with water.”


But answers will remain elusive. “We’re not going to solve this one with the rover,” Dr. Edgett said. “We’re not going to solve this one with our orbiter data. We’re going to be scratching our heads a hundred years from now. Unless we could send some people there.”


As successful as the NASA Mars rovers have been, their work is limited and slow. Curiosity’s top speed is not quite a tenth of a mile per hour. What might be obvious at a glance to a human geologist, who can quickly crack open a rock to peer at the minerals inside, could take days or weeks of examination by Curiosity.


“I’d like to think it would take only a few months,” Dr. Edgett said of solving Mount Sharp’s mysteries, “with a few people on the ground.”


—December 8, 2014



THE UNIVERSE AND BEYOND


[image: image]


Universe Multiplied a Thousand Times by Harvard Astronomer’s Calculations


Dr. Harlow Shapley, an astronomer who recently came to Harvard from the Mount Wilson Observatory in California, announces that he has made certain discoveries that reveal the universe to be a thousand times greater than scientists have conceived it.


By so doing he has relegated the earth to a place one thousand times less important than it has heretofore occupied, and instead of its being in the “centre of things,” as has been understood heretofore, he now estimates it to be something like 360,000,000,000,000,000 miles from the centre of the universe.


By triangulation, taking the distance between sun and Earth as a base for measurements, vast distances in the past have been recorded until such lines have been extended hundreds of light-years, and even to the limit of measurement, the Pleiades.


These same Pleiades are scarcely in the front yard of Dr. Shapley’s galaxy, which he has measured and found to be in length about 300,000 light-years from end to end. It is a super-Milky Way.


A light-year, the distance a beam of light will travel in one year, is 6,000,000,000,000 miles. It takes but eight minutes for light to come to the earth from the sun, 93,000,000 miles away.


The young astronomer has proved to his satisfaction by various calculations that the sun, the little speck of light around which a tiny shadow called the earth revolves, is 60,000 light-years from the centre of the universe.


“Personally I am glad to see man sink into such physical nothingness,” says the scientist, “and it is wholesome for human beings to realize of what small importance they are in comparison with the universe.”


At the Mount Wilson Observatory Dr. Shapley spent a great deal of time studying globular clusters of stars, and principally one called “Messier 13,” which is 36,000 light-years from the earth. Small stars in this group are 100 times as large as our sun, while the larger and more brilliant he described as 1,000 times as large.


—May 31, 1921



What Man’s New 200-Inch Eye Will See


By SIR JAMES H. JEANS


Night after night, for hundreds of thousands of years, primitive man watched the stars rising in the east, circling round the Pole and setting in the west, providing evidence, had he been able to read it aright, of the existence of a universe incomparably grander than the earth on which he dwelt. Yet until quite recently he had no means of studying this universe.


A man’s eye admits only so much light as falls on a circle a fifth of an inch in diameter. He will be unable to see an object at all unless this amount of light produces a distinct impression on his brain. There are something like 30,000 million stars surrounding the sun, but our unaided eyes can see at most 6,000 of these: we are too blind to see more than one star in 5,000,000.


Galileo’s Telescope


A deaf man can improve his hearing by collecting waves of sound in an ear-trumpet and projecting them into his eardrum. In the same way the seeing power of the human eye can be increased by collecting the rays of light which fall on a large area and bending them so that they all pass through the pupil of his eye onto his retina. This is the principle of the telescope. Roger Bacon propounded it in the thirteenth century, explaining how a lens of glass could be shaped “to make the stars appear as near as we please.” Yet not until 1608 was the first working telescope constructed, probably by Lippershey, a spectacle-maker of Magdeburg.


The next year Galileo constructed the tiny instrument whose discoveries were to revolutionize human thought. This had an aperture of two and one-quarter inches, which means that it collected all the rays of light falling on a circle of two and one-quarter inches diameter and bent them so that they fell onto the retina of the observer. This increased the amount of light falling on the retina a hundredfold.


The results of thus increasing the capacity of the human eye were almost indescribable. Sixty-six years earlier Copernicus had shown how the complicated tracks of the planets in the sky could be explained by supposing that they, together with the earth—the majestic abode of man and the supposed center of the universe—circled around the sun like moths around a candle flame. The idea was not new: Aristarchus of Samos had advanced it five centuries before Christ, as had many others in the intervening 2,000 years. Copernicus had merely produced powerful new arguments in support of an old conception. But this conception was so devastating in its implications, and so difficult to reconcile with the superficial appearance of things, that it met with well-nigh universal condemnation.


Then Galileo, turning his telescope onto Jupiter, saw four small bodies circling around a big central body—a perfect model of the solar system as described by Copernicus. Turning it onto Venus, he observed “phases” like those of the moon, the appearance of the planet varying from a crescent to a full circle. This was of overwhelming significance, since the supposed absence of such phases had been repeatedly urged as proof that the earth and Venus could not revolve around the sun.


Even these discoveries did not satisfy the skeptics; too much, including human self-esteem, was at stake, and, many years later, the old Ptolemaic doctrine of sun and planets revolving about a fixed central earth was being taught both at Harvard and at Yale, concurrently with the new ideas. Nevertheless, of all the many factors which ultimately dethroned man from his self-arrogated position at the center of the universe, the most potent was probably the little two-and-one-quarter-inch telescope of Galileo.


The Work of Herschel


Every subsequent increase of telescopic power revealed new worlds to conquer and provided the means of conquest. A landmark in the advance was Sir William Herschel’s construction, in 1789, of a telescope with an aperture of four feet. This gathered in 500 times as much light as Galileo’s telescope and 50,000 times as much as the unaided eye. What Galileo’s telescope had done for the solar system, this did for the huge family of stars—the “galactic” system, bounded by the Milky Way—to which our sun belongs. Man, the explorer of the universe, had left the solar system far behind and was now voyaging in depths of space so profound that light took thousands of years to travel from them to earth; he was viewing objects not as they then were, but as they had been before the birth of Christ, before the fall of Troy, or before civilization had come to mankind at all.



The Spiral Nebulae


And just as Galileo’s telescope had established the Copernican structure of the solar system by discovering the similar systems of Jupiter and Saturn, so Herschel confirmed his own view of the structure of the galactic system by discovering other systems of similar shape—“island universes,” he called them. In 1845 Lord Rosse’s great telescope of six-foot aperture revealed the spiral structure of many of these systems; we now call them “spiral nebulae.”


The culmination of power was reached in 1920 in the present 100-inch telescope at Mount Wilson. By now the retina of the human eye, which can only retain light for a fraction of a second, had been practically superseded by the photographic plate which records cumulatively all the light received for hours or even for successive nights. The 100-inch telescope not only gathers in 250,000 times as much light as the human eye, but projects it onto the far more sensitive photographic plate.


An example of its tremendous power is provided by Dr. Hubble’s study, with its aid, of the faintest of spiral nebulae. He finds that these are faint merely because of their great distance; they are so remote that light, traveling 186,000 miles every second, takes 340,000,000 years to travel from them to us. We see them not as they are, but as they were inconceivable ages before man appeared on earth. A wireless signal will girdle the earth in a seventh of a second; or we could send it out into space and receive a reply from Mars in a few minutes if there were any one to dispatch it to us, but we could not conceivably get a reply from these nebulae in less than 280,000,000 years. By the time our remote descendants received it, mankind would be a thousand times as old as now, and we who had sent the message out would be regarded as the earliest forefathers of the race. Such are the depths of space which the 100-inch telescope brings within our purview. Even the nearest of these nebulae are nearly 1,000,000 years away, but their size is so gigantic that even at this distance they show a great wealth of detail. The 100-inch telescope resolves their outer regions into distinct spots of light which we recognize as stars because many of them exhibit the special characteristics of stars much nearer home.


And now comes the news that a new telescope of 200-inch aperture is to be erected near Pasadena on a height not far from Mount Wilson. In aperture this represents as great an advance over the 100-inch telescope of 1920 as the latter did over Herschel’s telescope of 130 years earlier. Just as Herschel might have wondered what new discoveries a doubling of his aperture might produce, so we may wonder what will result from the doubling of the aperture which is actually about to take place. The new telescope will gather in four times as much light as the old, with the result that objects will be visible up to double the distance at which similar objects are now visible.


Outside the sphere which the old telescope has explored lies a sphere of double radius awaiting exploration by the new. What will it contain? And what shall we find in the sphere which has already been explored when it is searched afresh with a fourfold more powerful instrument?


The 100-inch telescope hardly shows any type of object that Herschel had not seen through his 4-foot telescope. The universe appears to be uniform, and the traveler in far-off regions does not encounter new species of objects, but merely further examples of the species which abound nearer home. For example, the 100-inch telescope shows about 2,000,000 nebulae, so that the new telescope ought to show about 16,000,000, but the new 14,000,000 will in all probability prove very similar to the old 2,000,000. Yet this mere multiplication of specimens is not altogether valueless. If for no other reason, the new museum of nebulae is likely to contain eight times as many freaks and oddities as the old, and a few of these are often of more service than innumerable examples of normal formations.


To mention one instance, the solar system is now thought to have come into being as the result of a very unusual occurrence. In their blind motion through space two stars, so it is supposed, chanced to pass so close to one another that gigantic tides were raised, tides so high that the crests of the tidal waves broke off like drops of spray and subsequently condensed into planets. We may never hope to see such an event in progress; it is far too rare and in any case the stars appear far too small for us to be able to study it in detail even if it occurred. But the giant nebulae ought at times to exhibit the same phenomenon on a far grander scale. Indeed, the 100-inch telescope discloses five or six objects which may be examples of this process. The new telescope ought to show about fifty such, and with fifty specimens we may begin a systematic study, and hope really to learn something. Thus, although it is beyond all bounds of probability that we shall ever witness the birth of planets similar to our earth, a study of nebulae in the new telescope may disclose the general mechanism of its occurrence.


Let us pass to the other end of the scale. The star Proxima Centauri, our nearest neighbor, so far as we at present know, in the whole sky, is a quite recent discovery. It emits only a ten-thousandth part of the light of the sun and is too faint to be seen at all in a small telescope. Still fainter stars exist, but the vast majority of these are too distant to be seen by any telescope on earth. Even the new 200-inch telescope will not show many, but it ought to show enough to make a systematic study possible. So far we have only been able to study the bright stars; a whole universe of faint stars awaits the new telescope.


Stars of Powdered Atoms


It may be asked why we should trouble about those dying cinders. One reason is that the substance of some, at least, of them is in a state which we cannot reproduce on earth. A mass of sugar can be packed into far less space by powdering it; after the process it contains just as many atoms as before, but they fit closer together. But we have hardly yet started the true powdering process. The atoms have so far remained intact, each consisting of a positive charge of electricity holding a lot of negative charges at arm’s length. Powder the atoms themselves and there is hardly any limit to the closeness with which you can pack the constituents; you could pack the Statue of Liberty in a teacup.


Now some of the very faint stars consist of atoms in this completely powdered state; at the center of “Van Maanen’s star” a mass equal to the Statue of Liberty in weight probably occupies rather less space than a teacup. A systematic study of matter in this state may be expected to throw light on the ultimate structure of the atom. The powdering process just described can only occur at a temperature of hundreds of millions of degrees; so that the physicist must necessarily ask help of the astronomer for its study.
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