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	One of the 25 million meteors that strike the Earth's atmosphere every day. 
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§501 $1 Meteors
A. To uphold the Agreement Governing the Activities of States on the Moon and Other Celestial Bodies (1979)
, improve the utilization of the human resource of meteor observers and expand employment opportunities for campers and people living in rural areas where meteors can be observed.  Under 14CFR Sec. 1245.104 the National Aeronautics and Space Association (NASA)
 is requested to recommend an advance waiver of $1 million to see if they would be able to administrate that much in one year at a rate of $1 for every meteor caught on the observer forms of the American Meteor Society and International Meteor Organization would pay people $1 for each meteor caught on their Meteor Observation Forms.  This program would (1) improve the tracking of meteors, meteorites and comets, (2) strengthen linkage between International Meteor Organizations and NASA who could possibly destroy or divert any menacing comets before they struck the earth and (3) promote meteor observation and study around the globe by paying observers $1 per meteor (4) promote postal service in rural and third world regions (5) account for the payment of all meteor observers filing Meteor Observation Forms.

B. 2003 did not produce an outstanding number of visible Perseid Meteors due to a full moon on August 13th.  In retrospect the Crown was only successful in catching 3 meteors all year as the result of a rain shower on the one day of camping during the storm that destroyed the observer form.   2004 should be a much more lucrative Meteor catching year as two new Comets were discovered in May and Wild 2 was filmed from within 147 miles in June.

D. At one time or another, almost everyone has glimpsed a swift little streak of light dashing across the night sky
. These sudden celestial visitors are meteors, commonly called falling or shooting stars. Meteors are pieces of space debris that plow into the Earth's atmosphere. Because they arrive at very high speeds — anywhere from 11 to 74 kilometers (7 to 46 miles) per second — they vaporize by air friction in a white-hot streak. Most meteor parents (meteoroids) range in size from sand grains to pebbles. Occasionally a larger object will survive its descent and fall to Earth — then it's called a meteorite. Thankfully, the larger the explosion, the rarer the event. Metropolis destroyers, with an explosive energy on the order of 100 million tons of TNT, happen roughly once per millennium. Regional destroyers, about 100 billion tons of TNT, have an event rate of around once per hundred millennia. Civilization destroyers, about 100 trillion tons of TNT, average once every 10 million years or so. 

E. A meteor that appears brighter than any of the stars and planets is called a fireball. The sudden appearance and fast motion of a bright meteor produces an illusion of closeness that can fool even well-trained professionals. Airline pilots have swerved to avoid meteors that were actually 160 kilometers (100 miles) away.  Most meteors are seen 80 to 120 kilometers (50 to 75 miles) above the ground. Occasionally someone will claim to see a fireball land just beyond a tree or a hilltop, but in fact a typical fireball first appears at a height of about 125 kilometers (80 miles) and loses its brightness while still at least 20 kilometers (12 miles) above the ground.  Much more abundant are smaller, everyday meteors. While most look white, some appear blue, green, yellow, orange, or red. One that explodes at the end of its visible flight is called a bolide. At certain times of the year we see more meteors than usual. This happens when Earth passes near a comet's orbit and sweeps through debris that the comet has shed. Such events are called meteor showers. For the major annual meteor showers, seeing one meteor every few minutes is typical, though there are often bursts and lulls. Shower meteors can appear anywhere in the sky, but their direction of motion is away from the constellation whose name the shower bears. This apparent point of origin is known as the radiant. Some observers feel that the best place to watch is between a shower's radiant and the zenith (the point directly overhead). In general, you'll do best by watching the darkest part of your sky, wherever you may be. 

§502 Discovery Claims

A. On August 11, 1834, the Cincinnati Daily Gazette published a letter to the editor from John Locke, headmaster of a girls' school. (Locke was about to begin, at age 43, a highly productive career as a physicist, geologist, and scientific instrument maker.) Locke had seen a meteor shower on the evening of August 9th and, impressed with Olmsted's writings on the radiant of the Leonid storm less than a year earlier, watched the display carefully and detected that it too had a radiant. It was in Perseus (true), near the star Algol (about 17° too far south). John Locke, a physician and girls'-school headmaster in Cincinnati, Ohio, was the first person to discover that the August meteor shower comes from a radiant in Perseus
.  

Prior to 1837, nobody realized the Perseids were an annual event.  Edward Claudius Herrick was a bookworm. His father was a Yale graduate and founder of a girls' school. His mother was a descendant of one of Yale's founders. The Herricks lived in New Haven, Connecticut, the home of Yale. But young Edward did not go to Yale. He did not go to college. His parents felt that his chronic eyelid inflammation would keep him from succeeding in higher education. So in 1827, at the age of 16, Edward became a clerk in a bookstore
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	One of the few early color representations of the 1833 Leonid storm over North America appeared in Bilderatlas der Sternenwelt, published in 1892 by Edmund Weik, University of Vienna, Austria. The illustration depicts the meteors over Niagara Falls.  Courtesy University of Vienna.




that served Yale students and faculty and was also the college's publishing house. 

B. Everyone in New Haven with intellectual interests stopped by the bookstore, and Herrick reveled in conversations with professors such as astronomer Denison Olmsted and chemist Benjamin Silliman. The young clerk worked hard, and at age 24 he became one of the bookstore's owners. But during the next three years the business failed and left Herrick broke. On the evening of August 9, 1837, just as his business was teetering toward collapse, Herrick observed an unusual number of meteors in the night sky. From people who had stayed up very late that night, he heard that the meteors were even more numerous and brilliant after midnight. 

C. American astronomers in 1837 were still gripped by the excitement of the epic meteor deluge that had taken place four years earlier. On the night of November 12-13, 1833, more than a thousand shooting stars per minute had been seen radiating from the constellation Leo (Sky & Telescope: November 1995, page 24). Astronomers had been taken completely by surprise; it was the first time that most of them had paid attention to meteors at all. They were especially startled by Olmsted's demonstration that the shower's meteors must have been flying together in parallel from a distant region of space. Most astronomers had believed that meteors were mere atmospheric phenomena, to be ignored like clouds and weather
. 
§503 Perseid Meteor Showers 
A. Like most meteor showers, the Perseids are caused by comet debris. As comets enter the inner solar system, they are warmed by the sun and peppered by the solar wind, which produces the familar tails that stretch across the night sky when a bright comet is close to Earth. Comet tails are made of tiny pieces of ice, dust, and rock which are spewed into interplanetary space as they bubble off the comet's nucleus. When Earth encounters these particles on its journey around the Sun, they strike the atmosphere speeds exceeding 100,000 mph. (The average speed of Perseid meteoroids is 130,000 mph!) Most are observed as a bright streak across the sky that can last for several seconds, but occasionally a large fragment will explode in a multicolored fireball. Most of the streaks (popularly called 'shooting stars') are caused by meteoroids about the size of a grain of sand, but much less dense. Although they travel at high speeds, these tiny meteoroids pose no threat to people or objects on the ground. 

B. The Perseids were the first meteors ever associated with a particular comet. From 1861 to 1863, observers noted a great increase in the number of August Perseids. As many as 215 per hour were seen in 1863. The Italian astronomer Giovanni Virginio Schiaparelli (better known for giving the name "canali," or "channels," to the dark linear markings on Mars) calculated the orbits of some Perseid meteoroids and discovered that they closely matched that of periodic comet Swift-Tuttle, which had been discovered in 1862 during its close approach to Earth. Swift-Tuttle orbits the Sun once every 135 years. The last time it passed near Earth was in December 1992. The proximity of the comet once again caused an increase in Perseid activity and, in August 1993, observers in Central Europe were treated to 200 to 500 meteors per hour. Swift-Tuttle won't make another swing through the inner solar system until 2126, but when it does the comet itself is expected to be an impressive sight as seen from Earth, rivaling Comet Hyakutake in 1996 or Comet Hale-Bopp in 1997
.

§504 The Tears of Saint Lawrence 

A. The earliest discoverers of the Perseids were anonymous, and their feat lay buried in an English farmer's almanac. Both Quetelet and Herrick chanced upon it. Bravely, Herrick acknowledged, "The annual occurrence of a meteoric display about the 10th of August appears to have been recognized for a very great length of time." Thomas Furley Forster of London had recorded it in 1827 in his Pocket Encyclopaedia of Natural Phenomena. "According to Mr. T. Forster," Herrick reported in October 1839, citing Quetelet, "a superstition has 'for ages' existed among the Catholics of some parts of England and Germany that the burning tears of St. Lawrence are seen in the sky on the night of the 10th of August; this day being the anniversary of his martyrdom." 

B. Saint Lawrence was tortured and killed in Rome on August 10, 258, during the reign of the anti-Christian emperor Valerian. "The peasants of Franconia and Saxony have believed for ages past that St. Lawrence weeps tears of fire which fall from the sky every year on his fete (the 10th of August)," Herrick wrote, quoting a Brussels newspaper. "This ancient popular German tradition or superstition has been found within these [past] few years to be a fact which engages the attention of astronomers." Herrick never seemed bitter about being repeatedly upstaged. He continued to tend his August meteors with great faithfulness and to report their activity in Silliman's journal all the remaining years of his life. 

C. In 1838, soon after his first scientific articles appeared in print, Herrick lost his bookstore. But Yale was so impressed by his scholarship that it awarded him an honorary master of arts degree. Five years later, Yale built a new library and made Herrick college librarian. It was a pleasant irony for a man whose eye trouble had kept him from college and who had complained about New Haven's poor libraries. Herrick spent the next 15 years vigorously developing the Yale library collections. He never married. He never took a vacation. Later he assumed the duty of writing and publishing Yale's obituaries of graduates and faculty. Herrick was so organized and efficient that he wrote his own death notice a few days before he died in 1862 at the age of 51
. 

§505 Target Earth 

A. NASA's robotic missions to other planets have shown that all old, solid surfaces in the solar system are heavily cratered. Earth too must have been heavily bombarded, but the evidence has been largely hidden by the erosion and life acting on the surface of our dynamic planet. Even so, the many meteorite finds, Chicxulub, and the approximately 140 known craters around the world demonstrate that Earth has suffered massive hits.
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	Trees near the Tunguska River in Siberia still looked devastated nearly two decades after a large meteorite exploded four miles above the ground in June 1908. The Tunguska event, which ranks as one of the most violent cosmic impacts of this century, leveled nearly 1,400 square miles of taiga forest. Courtesy Sovfoto.


	

	
	 

	
	 


B. In modern times, the best known destructive impact occurred in a remote region of taiga forests near the Tunguska River in eastern Siberia at about 11:30 a.m. on June 30, 1908. The explosive energy released by the event was equivalent to roughly 15 million tons of TNT — a thousand times more powerful than the Hiroshima bomb and matching a large hydrogen bomb. The meteorite, likely of stony composition with a diameter of 200 feet, exploded at an altitude of 5 miles, creating an air burst that leveled more than 1,200 square miles of forest. But this famous event is by no means unique even in the current century. 

C. Early on the morning of August 13, 1930, a large meteorite exploded over the Amazon jungles in an isolated area on the Curuçá River with a force estimated to be a tenth of the Tunguska event. The bolide was heard as a shriek of artillery shells followed by great balls of fire that fell from the sky like thunderbolts. Three massive explosions and three shock waves ripped through the jungle, followed by a very light rain of ash that veiled the Sun until midday. The blasts were heard up to 150 miles away, while the resulting magnitude 7 earthquake was recorded 1,320 miles away in La Paz, Bolivia. This massive meteor explosion would not have been known to the outside world if not for a Capuchin monk, Father Fedele d'Alviano, who had visited the terrified population during his yearly apostolic mission and then written about the event for the papal newspaper. 

D. The collision of Comet Shoemaker-Levy 9 with Jupiter in July 1994 was a widely publicized event NASA's Hubble Space Telescope's Planetary Camera.  Eight impact sites are visible. From left to right are the E/F complex (barely visible on the edge of the planet), the star-shaped H site, the impact sites for tiny N, Q1, small Q2, and R, and on the far right limb the D/G complex. The D/G complex also shows extended haze at the edge of the planet. The smallest features in this image are less than 200 kilometers across
. Most of the educated population in the world heard about the dark impact scars on the Jovian atmosphere, each larger than Earth. If such a comet were to hit Earth, mass extinction would be the most likely scenario. The moral of the Amazonian, Tunguska, and Shoemaker-Levy 9 events is that such occurrences are not unique even in modern times. Collisions of catastrophic proportions and worldwide scale can happen anytime within our lifetimes. 

E. Over the last decade or so, there has been a big change of consciousness among both scientists and the general public. The paradigm now is the realization that the Earth is a target in a giant shooting gallery, with the stakes as large as civilization itself. Countless articles, books, and movies on the threat of meteorite impacts have already appeared (Sky & Telescope: June 1998, page 26). Thankfully, the larger the explosion, the rarer the event. Metropolis destroyers, with an explosive energy on the order of 100 million tons of TNT, happen roughly once per millennium. Regional destroyers, about 100 billion tons of TNT, have an event rate of around once per hundred millennia. Civilization destroyers, about 100 trillion tons of TNT, average once every 10 million years or so. 

F. Astronomical events have changed history and affected the lives of ordinary people in a surprising number of ways, but only meteorites actually come down to Earth. They have had a great impact on humanity — as a resource for building civilization, as a god come to ground, and as the cause of mass die-offs. But as you are watching the fiery trails of Perseid or Leonid bolides, please remember only the majesty and not the terror
. 

§506 The End of the Dinosaurs 

A. What ended the age of dinosaurs 65 million years ago? Until 1980, paleontologists would answer their biggest mystery by mumbling something about climate, mammals, or volcanoes. Then Luis Alvarez and his coworkers hypothesized that a giant meteorite hit the Earth and caused global environmental damage, leading to the reptiles' extinction. Alvarez and his team tested their idea by seeking the element iridium in sediments around the world laid down at the correct time. Iridium is often abundant in meteorites but rare from Earthly sources. Alvarez examined clay from the distinct K-T boundary (named after the Cretaceous-Tertiary geological epochs) at three widely separated sites. They indeed found a thin layer of iridium-rich sediment coinciding with the death of the dinosaurs. 

B. The smoking gun. For nearly a decade geologists had been searching for the crater that supposedly formed when a giant meteor struck Earth at the end of the Cretaceous period 65 million years ago.  In 1990 a huge circular structure, estimated to be 110 miles in diameter, was found centered beneath the coastal town of Chicxulub, in Mexico's northern Yucatán peninsula. The Chicxulub crater, shown in this false-color, 3-D gravity map, proved to be the long-sought impact site.  The startling discovery of iridium at a few sites was intriguing, but the scientific community wasn't won over to the new idea. Various groups rushed to check many sites widely spread around the globe and confirmed that there really is an iridium layer and it really is worldwide. Then, the groups searched for and found other evidence, such as the presence of the element osmium and right-handed amino acids, which are relatively abundant in meteorites but rare on Earth. As the excitement mounted, yet more researchers found microtektites in the K-T boundary layer. 

C. But most geologists withheld judgment until the unique signature of shocked quartz was also found to be widespread and sharply confined to the K-T boundary. Finally the 110-mile-diameter Chicxulub crater was discovered under Mexico's Yucatán Peninsula. Its age of 64.98 million years ± 60,000 years matches that of the K-T boundary (64.3 million years ± 1.2 million years). 

	

	

	Here we have a scientific revolution fought and finished by the scientific community that was won over in a decade by the great strength of the evidence, despite various deep prejudices This is science at its best. 
	 

	

	


D. This progression from intriguing proposal to certainty of a gigantic meteor impact of worldwide consequences was made in only a few years and is a classic example of the repeated tests of critical predictions that is the hallmark of the scientific method. The research and debate has now shifted to understanding the consequences of the Chicxulub event. The immediate shock and heat from the impact would annihilate all life within perhaps a 1,000-mile radius from ground zero, while tsunamis would devastate anything near sea level in the Atlantic basin. Indeed, layers of tsunami-wave rubble have been found more than 30 feet thick all around the Caribbean, and the deposits extend up to 430 miles inland. 

E. The initial blast would also send out large masses of ejecta, which would reenter the Earth's atmosphere over the entire globe; the combined heat from all these simultaneous secondary meteors lighting up the sky would kindle worldwide forest fires. Indeed, the volume of soot in the K-T layer indicates that the majority of the world's biomass was burned to a crisp. In the months and years that followed, a dust veil would have cut off most sunlight, stopping photosynthesis and creating a "meteor winter." Together with other forced and deadly effects, entire food chains collapsed. The dinosaurs, unable to adapt, died out. Only about half of the world's species, including mammals, managed to have some breeding population survive through the holocaust
. 

§507 Sacred Stones 
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	The 1,635-pound Red River iron meteorite from central Texas currently resides at Yale University in New Haven, Connecticut. Considered sacred by the Pawnee Indians, the rock was donated to Yale by the wife of George Gibbs after his death in 1833. Courtesy Martha Schaefer.



A.  In 205 B.C., Hannibal's Carthaginian armies had marauded Italy for more than a dozen years, threatening the very existence of the Roman republic. After witnessing a frightening meteor shower, the Roman magistrates consulted the Sibylline books, which prophesied that Hannibal could be defeated if the Idaean Mother was brought to Rome. This "Mother," a large, conical meteorite thought to represent the Great Mother of Gods, was enshrined in a temple at Pessinus in central Turkey. The resplendent Roman delegation that was sent to King Attalus gained permission to remove the meteorite only after an earthquake changed the monarch's mind. A sacred ship was built and the meteorite sailed up the Tiber River to Rome. The leading citizen in the city performed the rituals of hospitality for the rock, then a procession carried it to the Temple of Victory. With this divine morale boost, the Romans expelled Hannibal from Italy within the year and soon conquered Carthage. In gratitude, the Romans built a special temple on the Palatine hill where the meteorite was worshipped for at least 500 years. However, the stone eventually fell into oblivion. In A.D. 1730 it was apparently excavated from its chapel, only to be discarded for lack of recognition. 

B. Many meteorites have been worshipped as gods through the ages. One such sacred rock was uncovered in 1808, when a party of explorers found a 1,635-pound hunk of metal near the Red River in central Texas. The Pawnee Indians had worshipped this meteorite for its curing powers and made regular pilgrimages to its site. The explorers, who thought the metal was platinum, returned to the city to get provisions and equipment. They eventually split into two rival groups as they tried to outrace one another in cashing in on the treasure. The first party, which had left hastily without the gear for transporting the hefty load, could only hide the "platinum" under a flat stone for safekeeping while they searched for horses. 

C. It took several days for the second party to find the prize and drag it toward the Red River. In their long overland journey they were repeatedly attacked by the desperate Indians. The meteorite was transported by boat down the river to New Orleans, and finally to New York. There, Benjamin Silliman of Yale University recognized its true nature based on its high nickel content, after which the disappointed owners sold the object to Colonel George Gibbs. After Gibbs' death in 1833 his wife rescued the meteorite from Irish laborers seeking to bury it; she then donated the rock to Yale as the largest meteorite in any collection at the time.                                                           

§508 Meteoric Metals 

A. One characteristic that separates humans from animals is that we make lots of tools. Our early ancestors fashioned their first tools from bone, wood, and stone. The Stone Age takes its name from when stone implements represented the highest technology available. Later, copper and its alloy with tin (bronze) were discovered, yielding more durable weapons and tools that offered significant advantages to their possessors. The Bronze Age started during the third millennium B.C. for much of Eurasia, though its beginning and end varied widely around the world. Then around 1400 B.C. the Hittites of Asia Minor discovered that iron could be smelted from common ores to produce even more superior tools and armory, thus giving birth to the Iron Age. 

But how was iron discovered? Copper's melting point (1,980° Fahrenheit) is low enough that simple fires can both reveal and smelt the ore, while iron's melting point (2,795°F) requires intentional discovery and special methods for processing. What gave the clue that iron should be sought and developed? 

B. Many late Bronze Age archaeological sites actually contain artifacts made of approximately 90 percent iron. A famous example is the dagger recovered from the tomb of the 14th-century B.C. Egyptian pharaoh Tutankhamen. Chemical analyses show the dagger's "impurities" to be largely nickel, a sure sign that the iron came from a meteorite. So early metalsmiths found and used naturally smelted iron. They would have quickly realized its superiority. The Hittites and Sumerians acknowledged this connection by calling iron "fire from heaven." The Egyptian word for it means "thunderbolt of heaven," and the Assyrian term was "metal of heaven." With meteorites as an inspiration and a direct guide, the recognition of Earthly iron ores was probably inevitable. Meteorites jump-started the Iron Age. He pointed out that if the crossing date was August 11, Earth would be in the same place and some encounter was possible
.
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	On the afternoon of August 14, 1992, a shower of stony meteorites pelted Mbale, Uganda, and its surroundings. These men from neighboring Malukhu recovered a fragment that weighs 24 pounds and created a crater 3½ inches deep. The villagers believed that the stones were endowed with medicinal powers to cure illnesses, including AIDS.  Courtesy the Dutch Meteor Society.



§509  African Meteors

A. In 1853 a meteorite that fell in eastern Africa just north of Zanzibar was declared to be a god by the Wanika tribe until famine and a massacre by the Masai rendered its owners skeptical of its powers. On August 14, 1992, dozens of rocks fell on the African town of Mbale in Uganda (Sky & Telescope: June 1993, page 96). Local residents ground up some of the fragments and ingested the powder as medicine. They believed the rocks had been sent by their god to cure AIDS. It's easy to understand that a fiery descent from heaven can be interpreted as a god, or a god's gift, come to Earth
. 

§510 Indian Meteors 

A. For decades astronomers have reaped the values of written records kept for over 2500 years in China and Europe. Eclipses, planets, and comets are mentioned and have brought about refinements to our current understanding of the long-term motion of these bodies‹especially for comets such as Halley and Swift-Tuttle. Several meteor showers have also been identified which brought about a better understanding of their evolution as well.  No other culture can provide comparable information as that gathered from the Chinese and European records, but this need not be a deterrent from learning about how other cultures felt about these moving bodies in the sky and one of the richest regions of meteor and comet lore in the world is North America.

B. During the last 15 to 20 years, archeoastronomy has uncovered much concerning the astronomical beliefs of Native Americans. Unfortunately, the methods of keeping records of astronomical events were not as straight forward as those of the Chinese and Europeans, as there are no books lying around. Instead, the methods of record keeping included rock and cave drawings, stick notching, beadwork, pictures on animal skins and jars, and story telling‹most of which are not dateable.One of the few dateable events among the various records of native Americans was the 1833 appearance of the Leonid meteor shower. Historically recognized as one of the greatest meteor storms on record, it made a lasting impression among the peoples of North America.

C. The most obvious accounts of the Leonid storm appear among the various bands of the Sioux of the North American plains. The Sioux kept records called "winter counts," which were a chronological, pictographic account of each year painted on animal skin. In 1984, Von Del Chamberlain (Smithsonian Institution) listed the astronomical references for 50 Sioux winter counts, of which 45 plainly referred to an intense meteor shower during 1833/1834. In addition, he listed 19 winter counts kept by other plains Indian tribes, of which 14 obviously referred to the Leonid storm.

D. The Leonids also appear among the Maricopa, who used calendar sticks with notches to represent the passage of a year, with the owner remembering the events. The owner of one stick claimed records had been kept that way "since the stars fell." The first notch on his stick represented 1833.  Story telling was a very important method of record keeping among most native Americans and several seem to have been influenced by the Leonids of 1833. A member of the Papago, named Kutox, was born around 1847 or 1848. He claimed that 14 years prior to his birth "the stars rained all over the sky."

E. A less obvious Leonid reference may exist in the journal kept by Alexander M. Stephen, which detailed his visit with the Hopi Indians and mentions a talk he had with Old Djasjini on December 11, 1892. That Hopi Indian said "How old am I? Fifty, maybe a hundred years, I can not tell. When I was a boy of so big (eight or ten years) there was a great comet in the sky and at night all the above was full of shooting stars‹ah! that was a very long time ago, maybe a hundred years, maybe more." During the probable lifetime of Old Djasjini there was never a "great comet" and a sky full of meteors in the same year, but he might be referring to two separate events such as the sungrazing comet of 1843 and the great Leonid storm of 1833, both of which occurred early in his life.

F. The Pawnee have a story about a person known as Pahokatawa, who was supposedly killed by an enemy and eaten by animals, but then brought back to life by the gods. He was said to have come to Earth as a meteor and told the people that when meteors were seen falling in great numbers it was not a sign that the world would end. When the Pawnee tribe witnessed the time "the stars fell upon the earth," which was in 1833, there was a panic, but the leader of the tribe spoke up and said, "Remember the words of Pahokatawa" and the people were no longer afraid.

G.Although the Pawnee learned not to be afraid, there were Native Americans who feared meteors. Why such beliefs came about is almost impossible to guess, but some of the best examples are as follows:

· The Blackfeet of Montana believed a meteor was a sign that sickness would come to the tribe in the coming winter, or that a great chief had just died. 

· The Kawaiisu (California) thought a meteor that started high and fell to the horizon was an omen of sickness and death. 

· The Cahuilla thought a meteor was the spirit of their first shaman, Takwich, who was disliked by his people. Takwich was said to wander the skies at night looking for people far from their tribe. When someone was found, he stole their spirit, and sometimes even the person, took them back to his home and ate them. 

· The Shawnee believed meteors were beings "fleeing from the wrath of some adversary, or from some anticipated danger." 

H. There were other beliefs which generally did not strike fear into the hearts of native Americans. Some of these are as follows:

· The Wintu (northern California) explained meteors as the spirits of shamans traveling to the afterlife. 

· The Chumash (California) referred to meteors as Alakiwohoch, which simply meant "shooting star." They believed a meteor was a person's soul on its way to the afterlife. 

· The Luiseño (California) believed they were merely stars which suddenly moved. 

· The Eastern Pomo (North Central California) thought meteors were fire dropping from heaven. 

I. Interestingly, one of the most widely accepted beliefs was that meteors were the feces of stars. Such lore existed in the stories of the Nunamiut Eskimos, the Koasati of Louisiana (formerly located in Tennessee), and numerous southern California tribes. A slight variation of this came from the Kiliwa (Baja California) who believe meteors were the fiery urine of the constellation Xsmii [Xsmii has not been defined--GWK].  Many of the beliefs mentioned above are also attributed to comets, and most story telling seems to rarely provide conclusive evidence that the object being discussed is indeed a meteor. Because of this a very interesting story is being included which originates from the Great Lakes region.

J. The Ojibwa of the upper Great Lakes region had a story about Genondahwayanung, which meant "Long Tailed Heavenly Climbing Star." During the 1980's, Thor Conway visited the Ojibwa and talked to Fred Pine, an Ojibwa shaman. Pine's story about the creation notes that Genondahwayanung was a star with a long, wide tail which would return and destroy the world someday. He said, "It came down here once, thousands of years ago. Just like a sun. It had radiation and burning heat in its tail." The comet was said to have scorched the earth so that nothing was left, except the native americans, who were warned ahead of time by Chimanitou, a Holy Spirit, and had gone to a bog and rolled themselves up in the mud to protect themselves from the heat. Pine continued, "It was just so hot that everything, even the stones, were cooked. The giant animals were killed off. You can find their bones today in the earth. It is said that the comet came down and spread his tail for miles and miles." Thereafter, all comets and meteors were treated as serious omens which required the interpretation of the Ojibwa shamans.

K. There are other stories of a great fire coming from the sky and destroying everything except for certain native american tribes. In some cases the tribes claimed they were warned, while others claimed they just ran for the nearest bodies of water.  Another form of record keeping were rock petroglyphs, or pictures carved into rock. The western United States abounds with these pictures, but any dating is virtually impossible. Once again it is frequently difficult to determine whether the object carefully carved into rock is a meteor or a comet.

L. One rock drawing frequently debated as to its exact depiction was produced by the Ventureño tribelet of the Chumash at Burro Flats. A pair of disks with long tails are located on the wall of a cave and have been interpreted by Travis Hudson and Ernest Underhay (1978) as portraits of a comet "seen over an interval of a few days or weeks." On the other hand, E. C. Krupp (1983) has pointed out that "the images have a dynamic appearance that suggests rapid movement and change. If they are celestial at all, I would associate them with meteors, and, in particular, with the especially bright and dramatic type known as fireballs."

M. The most common petroglyphs depict a circle with a wiggly line emanating from it. Various archealogists have interpreted these as meteors, comets, and even snakes.  Another form of record keeping appears in the form of pottery art. Although there are not many examples of this, the Field Museum in Chicago contains Hopi jar (designated number 66760) with a very striking scene depicted. Brought to the museum during the 1890s, the jar depicts mountains, above which are stars and three objects falling towards the ground. Although the scene seems to imply meteors, it is not certain whether it is a shower or a spectacular meteor that broke up as it fell. According to William Grewe-Mullins at the Field Museum, the notes on this jar indicate it was found near Oraibi, Arizona, and was of recent origin. He ventured to guess that the jar might have been made sometime during the 1850s to 1890s. It might be possible that this jar depicts the Leonid storm of 1833, although it seems difficult to imagine the Hopi would have still been impressed so much by the storm 2 to 5 decades after the event. On the other hand, it could be a painting of one of two other storms which were observed in various parts of the world in 1872 and 1884, although none of the winter counts mentioned earlier seem to have noted these. 

N. Some native Americans seem to have realized that some meteors can reach the ground. Among the Menomini of the Great Lakes region is the following legend:

When a star falls from the sky
It leaves a fiery trail. 
It does not die.
Its shade goes back to its own place to shine again.
The Indians sometimes find the small stars
where they have fallen in the grass.

O. The Nunamiut Eskimos also found meteorites, but believed they came from thunderstorms
. On December 2, 1880, a 6-pound meteorite fell at the feet of two Brahmins near Andhra, India, who immediately proclaimed themselves as ministers of the "Miraculous God" and attracted up to 10,000 pilgrims a day.

§511 Monarchy of Swift Tuttle
A. His Royal Highness Anthony Joseph Sanders is the King of the Comet of Swift Tuttel and the Hospitals & Asylums Writer. The Perseids are space debris emanating from the tail of the parent Swift-Tuttle Comet. The last passage of Swift-Tuttle through the Solar System occurred in December 1992 and is not expected to return until 2126.  The Perseid meteors are the largest, most visible and best behaved of all yearly meteor showers, Perseids are extremely swift and average speeds of 113,000 miles per hour.  They radiate from the constellation Perseus in the AM after midnight and before 6 AM when the earth is rotating into the meteor storm that reigns at a rate of 76 meteors per hour during their peak between June 22 and August 20. Tony was conceived on an Israeli kibbutz in late 1973 of an American-Jewish mother, named Rivka Sammoss, who is now a family physician, by a Dutch-Agnostic Catholic father, named Marcel Sanders, who is now a veterinarian.  Their relationship was initially scorned by the mother’s Jewish family, resulting in their expulsion from the Holy Land by a Jewish Court, the marriage became tolerated after the birth of Tony on August 11, 1974 on the Island of Tholen in the Kingdom of the Netherlands on the largest yearly meteor shower, the Perseids
.  Sharon, the Queen, his sister, was born two years later, in Visalia, California on August 11, 1976 during the same meteor shower.  Tony was naturalized a US citizen in 1986.  They were born on the same day during the height of the Perseid Meteor two years apart and consider that significant enough to found their claim to the unpopulated Comet of Swift Tuttle and associated Perseid Meteors that they hope to represent to the International Meteor Society to found an affordable welfare state for meteor catchers on Planet Earth. 

B. Tony returned to the Kingdom of the Netherlands to study Dutch when he graduated from high school a year early in 1991.  After Tony’s family visit visa expired he returned to work, study and travel through the United States and Canada. Tony started studying International Affairs at the University of Cincinnati in 1992.  In 1994 he went to Mexico to study anthropology at the Universidad Autonoma de Yucatan and purchase arts and crafts near the meteor impact crater at Chicxulub that was responsible for the extinction of the dinosaurs.  After working in the California National Parks he traveled to Rainbow Gatherings and Logging Protests on the West Coast during 1996 and 1997.  In 1997 he returned to the University of Cincinnati to finish his degree in International Affairs.  In 1999 he was elected the President and then the Vice President of the University of Cincinnati Earth Company until he was impeached for amending the Higher Education of 1998 in a peaceful protest in 1999 in co-operation with Ohio University.  He graduated from the University of Cincinnati in 2000 with a BA in international affairs and has been working on litigating and legislating Hospitals & Asylums.

C. Sharon Michelle Sanders, is the Queen of the Perseid Meteors.  Although she has slept with several of her brothers friends she remained chaste to her 27th year.  Queen Sharon was originally not a good student but when our family moved to Cincinnati, Ohio USA Sharon got a good teacher and has received straight, “A’s” since the 3rd grade.  She graduated with honors from Seven Hills, a private school.  She began studying Biology in 1994 and graduated with Honors from the University of Cincinnati in 1999, she never received less than an “A”.  She was immediately employed in environmental projects in the USA and traveled to Arizona and California.  She then got a job on a kibbutz in Israel and worked there until she was hired to do an environmental project in the Dependencies of Mauritius in the Indian Ocean.  When she returned from Africa she was swiftly employed in the state of Washington to discover evidence of endangered species that has successfully protected the forest from logging.  She is currently completing a program in ethno-botany at Kent University in Great Britain by conducting a field study in Morocco to fulfill the requirements of her master’s degree in ethno botany this Spring 2003.  She went to Belize and fell in love with one of her fellow students.  She then went on to prove that sexual accomplishment has an inverse relationship with scholarship.  She failed to write a report regarding Belize and failed the writing portion of the Foreign Service Exam.  She is hereby sentenced to no less than 10 pages on Belize.  

D. The Constitution of Swift Tuttle (CoST) is founded in our belief that icy meteors inseminated the Earth with the basic elements of life.  Organic law then determined planet earth to be fertile and the first species of single cell life formed.  Life then produced gaseous byproducts that in time created the atmosphere.  In a symbiotic relationship with space debris the atmosphere causes the disintegrating phenomenon called meteors that we enjoy to watch while protecting the Earth from the damages caused by 25 million meteors a day.  The Perseid Monarchs are therefore the solar spokespeople for the meteoric founders of life on planet earth and the destroyers of the dinosaurs. It is our responsibility to defend life from extinction and breaches in the laws of nature and of man.  Our court is open to all and is the highest court to dispense Hospitals & Asylums in the Solar System.   

E. On the Comet of Swift Tuttle and the Perseid Meteors the Law of Gravity (LoG) is the Supreme Law.

1.  Thermodynamic law dictates that when the Comet passes Jupiter into the inner solar system the ice begins to melt in bursts in the direction of the Sun presenting propulsion away from the Sun.

2. The perpetual motion of a Comet can cease for two reasons, first collision with a massive object and second disintegration in the heat of the inner solar system. 

3. Out of respect for the possibility of sentient life on planet Earth this Chapter makes two provisions for human rights.  First there is a plan for the American Meteor Society to administrate the $1 meteor form and second everyone has the right to write title24uscode@aol.com 

§512 The Black Stone of Emesa 

A. The slow fall of the Roman empire was a chaotic drama in which a wide variety of religions coexisted and competed, often with the emperor's worship playing a key role. In addition to the traditional Roman pantheon, gods with Greek, Hebrew, and Egyptian origins enjoyed widespread followings.   In this marathon of competing faiths a steady front-runner was the Sun god, variously called Apollo, Helios, Sol, Sol Invictus, or Elagabalus. The overwhelming power and importance of our day star makes a Sun god a natural chief deity; its worship is deeply embedded in many societies. The cult of the Syrian Sun god Elagabalus was known in Rome from before the time of Julius Caesar, but it only came to dominance with the ascension of the Roman emperor Marcus Aurelius Antoninus. As a young boy, this emperor was made the high priest at the magnificent temple in Emesa (now Homs) in Syria, as a hereditary responsibility through his mother's family. He took his religious duties very seriously and even changed his name to that of his god, Elagabalus. The worship of Elagabalus was centered on the Black Stone of Emesa, a large, cone-shaped meteorite. When its high priest moved to Rome the stone came with him. Two magnificent temples were built for it, one on the Palatine hill and the other in the suburbs. The emperor personally led daily worship of the meteorite while dressed in silk robes, a lofty tiara, and cheeks painted red and white. Meteorite worship became the official religion of the Roman empire. 

	[image: image7.jpg]



This silver coin was struck in A.D. 218-219 in honor of the young Roman emperor Marcus Aurelius Antoninus, who adopted the name of the Sun god Elagabalus. Antoninus was the high priest of the cult that worshiped the Black Stone of Emesa, which is believed to be a large meteorite. Shown here are four horses pulling the ceremonial chariot that carried the stone (behind the eagle). The emperor led the procession to Rome while walking backward to keep his face toward his god. The inscription SANCT(O) DEO SOLI ELAGABAL(O) means "To the holy god, the sun Elagabalus." Courtesy M.R. Molnar Collection.


B. Elagabalus's cruelty, extravagance, neglect, and depravity quickly alienated him from all segments of society, so he was doomed to a short reign. On March 6, 222, at age 18, the emperor and his mother were assassinated by the Praetorian Guards, and their mutilated corpses were dragged through the streets of Rome. 

C. As for the meteorite, it was quietly returned to Syria and reinstalled in the temple of Emesa. The rock was likely broken into pieces when the temple was converted to a Christian church sometime in the 4th century. The site, now a mosque, has never been excavated. 

D. A gold-inlaid knife from the reign of Emperor Jahangir, the fourth Mughal ruler of India, was forged from an iron meteorite that fell on April 10, 1621. Jahangir ordered that two swords, a dagger, and a knife be made from the meteorite, which was believed to possess magical powers. Only the knife is still known to exist. An iron dagger of meteoritic origin was also discovered in the tomb of the 14th-century B.C. Egyptian pharaoh Tutankhamen in 1922
.When European explorers encountered a tribe of Inuits in northwestern Greenland in 1818, they were astounded to find knife blades, harpoon points, and engraving tools made of meteoric iron. Tools from the fabled Greenland meteorite had been found as far as 1,400 miles away, having been transported as treasured trade goods. The area has no natural metal deposits, yet the abundant availability of meteoric iron allowed the polar hunters to skip to the Iron Age and helped them survive in an extremely harsh land. 

E. Five expeditions from 1818 to 1883 failed to find the "Iron Mountain" until Robert E. Peary was led by a local guide to the site on Saviksoah Island off northern Greenland's Cape York in 1894. The meteorite was found in three primary masses, named the Tent or "Ahnighito" (34 tons), the Woman (2½ tons), and the Dog (½ ton). Over the next three years Peary's expeditions managed to load them onto ships despite savage weather, engineering problems, and having to build Greenland's only railway for transporting the behemoths. Upon arrival in New York City, the source of Greenland's Iron Age were sold to the American Museum of Natural History for $40,000, where they are now on display at the Hayden Planetarium. The "Ahnighito" or Tent meteorite from Greenland on display at the American Museum of Natural History in New York City. The largest of the three Cape York meteorites recovered by Robert Peary in the late 1890s, this 34-ton hunk of iron and nickel measures 11 feet long, 7 feet high, and 5-1/2 feet thick
. Today, 27 percent of the world's nickel comes from mines in the large Sudbury meteor crater in Ontario, Canada. 
§513  The Black Stone of the Kaaba in Mecca
A. The most famous sacred meteorite is the Black Stone of the Kaaba. The Kaaba is a cubical building in Mecca toward which Moslems pray five times daily. The Black Stone, set in the northeastern outside corner of the Kaaba, is considered to be the most sacred treasure of Islam.  In AD 605 the Holy Prophet arbitrated in a dispute among the Quraish about the placing of the Black Stone in the Kaaba.

B. In the middle of Mecca's Grand Mosque is the black, cubic shrine of the Kaaba, the "House of God," which was said to have been built by Abraham (Ibrahim). On one corner of the Kaaba is the Black Stone, which is believed to be of meteoric origin. The exposed surface of the stone is roughly 6½ by 8 inches and is framed with a silver band. Here pilgrims can touch and kiss the Black Stone. Some suggest that the object is not really a meteorite but may be impact glass, perhaps from the meteor craters at Wabar, 670 miles east of Mecca.
. The Kaaba also served as a center of worship for pre-Islamic Arabs and was reputed to contain 360 idols. In 630 the triumphant prophet Mohammed returned to Mecca and cleansed the temple of the idols after honoring the Black Stone. The heretical Qarmatian sect stole the stone in 930, but it was recovered 21 years later with positive identification provided by the stone's ability to float on water. In 1050 a mad Egyptian caliph sent a man to destroy the relic. The Kaaba was twice burned down and was flooded in 1626. During these trials the original stone was broken up into about 15 pieces. It was finally set in cement surrounded by a silver frame. 

C. Islamic tradition variously describes the stone as coming from heaven and as originally hyacinth in color before it turned black because of humanity's sins. Reports of its visual appearance mention a dark, reddish black color, smooth surface, some apparent banding, and small crystal inclusions. Although generally regarded as a meteorite, it cannot be an iron-type meteorite since it fractures, nor can it be a stony meteorite since it would not have withstood the handling and would sink in water. Similar arguments may reject nonmeteoritic origins, such as basalt or agate. 

D. In 1980 Elsebeth Thomsen proposed that the Black Stone is an impactite (fused sand mixed with meteoric material) from the Wabar Crater in Saudi Arabia's Empty Quarter (Sky & Telescope: November 1997, page 44). The Wabar impactite is a hard glass (so it is tough enough for repeated fondling yet can shatter) with a porous structure (so it can float) and having inclusions of white glass (the crystals) and sandstone (the banding). The change from its original lighter color could be due to the accumulated oils from frequent kissing and handling. A critical problem confronting this proposal is that several measurements suggest the Wabar Crater is only a few centuries old, though other analyses suggest it was formed 6,400 years ± 2,500 years ago. Whether or not Wabar is the source, the Black Stone still fits well with a desert impactite and a meteor tradition
. 

§514 The Daylight Fireball of August 10, 1972

A. A very bright daylight fireball appeared in the skies of the western United States and Canada on August 10, 1972. It was seen by a large number of people, most notably many camera-bearing tourists located in Grand Teton, Yellowstone, and Glacier national parks. In addition, the object became hot enough to also be detected by a U. S. Air Force satellite-borne near-infrared radiometer.  The object was detected by visual observers at around 20:30 UT. Eyewitness accounts came from Utah, Wyoming, Idaho, Montana, and Alberta, with many photographs and two 8-mm films obtained. Linda Baker was then at Jackson Lake, which is at the foot of the Grand Tetons. After spotting the bright object and the following dust trail over the Tetons, she began filming with a Super-8 camera. Her film recorded the object's south-north movement across the sky for 26 seconds. She and her husband thought the object was a rocket re-entry. The satellite recorded the object from 20:28:29 until 20:30:10 UT.

B. Although a few newspapers reported the event, the first major publication came in Sky and Telescope during October 1972, which was basically a collection of eyewitness accounts. During April 1973, details of the satellite observation were published in Sky and Telescope, with a more comprehensive article appearing in Nature on February 15, 1974.  The first significant analysis of this fireball was published in Sky and Telescope during July 1974. It was written by Luigi G. Jacchia, a meteor expert at the Center for Astrophysics in Massachusetts, who just happened to witness the fireball from Jackson Lake Lodge in the Grand Tetons. Jacchia said he was initially impressed by the extraordinarily long 1,500 kilometer length of the object's path. He also pointed out that at the mid-point of the path sonic booms were heard in Montana and said this indicated the object was lower than 60 kilometers. The fact that sonic booms were not heard over Alberta was considered puzzling. With the object moving northward, one would expect it to have continued to lower, so that sonic booms should have continued and an impact was likely. No reports of impacts existed. Jacchia concluded that the object must have "entered the earth's atmosphere at a very small angle to the horizontal, reached a minimum height of less than 60 kilometers above Montana, and continued its flight without impacting." Jacchia found out about the Air Force satellite detection around the time of his initial analysis and at his urging the information was finally released. Jacchia's analysis revealed the object first became hot enough to be detected by the Air Force satellite at a height of 76 kilometers over Utah. Its closest distance to Earth was 58 kilometers, which occurred over Montana. As it continued its passage through the atmosphere it finally cooled below the satellite detection level at a height of 102 kilometers over Alberta.

C. Jacchia gave the available data to Richard McCrosky of the Smithsonian Astrophysical Observatory, who was able to compute the initial orbit of this fireball. The object would have reached its perihelion distance of 1.01 AU about four days after the encounter with Earth's atmosphere. The semimajor axis was given as 1.66 AU, the orbital inclination was 15°. Jacchia stated that the encounter changed the orbit of the object, but no details were given.

D. The first estimates of the object's mass were made by C. D. Bartky et al. in a Nature article of February 15, 1974. They indicated a value of 1000 metric tons, which they said corresponded to a diameter of 4 meters for an object the density of iron. They determined that the impact of such an object would have released energy equivalent to the nuclear bombs dropped on Hiroshima and Nagasaki. Jacchia later corrected the size estimate made by Bartky et al. to 6 meters, but stated these estimates, which were based on the rate of deceleration through the atmosphere, could not sufficiently indicate the object's true mass and size. Jacchia approached the problem from the standpoint of the object's brightness. Taking magnitude estimates of -15 and -19 when about 100 kilometers above Earth, he estimated the mass as 4000 to 1 million metric tons. He added that since most meteors are stoney and not iron, the probable size would have ranged from 13 to 80 meters.

E. Although a few other papers were published during the next 20 years which basically revised some of Jacchia's work, the next major paper discussing this fireball was written by Zdenek Ceplecha for Astronomy and Astrophysics in 1994. Ceplecha revised almost every aspect of Jacchia's analysis, including the mass and orbit. He even determined the post-encounter orbit. Ceplecha believed the likely diameter of the object would have been 3 meters, if a carbonaceous chondrite, or as large as 14 meters, if composed of cometary materials, prior to the encounter. He suggested the likely mass loss suffered from the encounter would make the mass two to three times less than the initial mass. This indicated a post-encounter mass of 2 or 10 meters.

F. The pre-encounter orbit was close to that published by Jacchia and was as follows:

Semimajor Axis=1.661±0.004 AU
Eccentricity=0.3904±0.0016
Perihelion distance=1.0127±0.000 AU
Aphelion distance=2.310±0.009 AU
Argument of Perihelion=355.57°±0.08°
Ascending Node=317.956°
Inclination=15.22°±0.03°

G. The post-encounter orbit was given as follows:

Semimajor Axis=1.4715±0.0009 AU
Eccentricity=0.3633±0.0004
Perihelion distance=0.9369±0.000 AU
Aphelion distance=2.0061±0.0019 AU
Argument of Perihelion=315.76°±0.02°
Ascending Node=317.949°
Inclination=6.928°±0.012°

Ceplecha also determined a radiant for the post-encounter orbit in case any debris was travelling along with this object. The coordinates were given as RA=155.538°, DEC=-19.05°.

Ceplecha ended his paper with a prediction. He determined that it was very likely that this object would again come close to Earth within the period of 1997 July 30 to August 16, "with August 8 being the most probable date." 

§515 Meteor Shower Calendar

A. Here is a list of the better annual showers, including the Perseids in August and the Geminids in December. All you need to observe these celestial displays are a dark sky, a way to stay comfortable, and a little patience. Light pollution or moonlight will drastically reduce the number of meteors you see, so plan accordingly. Give your eyes at least 15 minutes to adjust to the dark. Make yourself comfortable with a reclining lawn chair, sleeping bag, snacks, music, the company of other stargazers, or whatever will help you remain interested enough to keep your eyes turned toward the sky
. 

B. In the period of recorded history from 2,500 BC to 30 Mar 1999 inclusive there have been a total of 4684 Meteorites Representing 1,019 Falls and 3,665
 Finds of the 25 million meteorites that fall each day on the atmosphere of the planet earth.   The recognized yearly meteor showers are listed below…

	Shower
	Duration
	Maximum
	Time
	R.A.
	Dec.
	ZHR
	Associated Comet

	Quadrantids
	Jan 1-6
	Jan 4
	0000
	15h28m
	+50
	85
	

	Virginids
	Mar-Apr 
	Apr 11
	2040
	14h04m 
	-09 
	5
	

	
	Apr.7-18
	
	
	13h 36m
	-11
	5
	

	Lyrids
	Apr.19-25
	Apr 22
	2200
	18h 08m
	+32
	10
	Thatcher

	Eta Aquarids
	Apr24-May 20
	May 6
	1130
	22h 20m
	-01
	35
	Halley

	Alpha Scorpiids
	Apr20-May19
	Apr 28
	0540
	16h 32m
	-24
	5
	

	
	
	May 12
	1650
	16h 04m
	-24
	5
	

	Alpha Cygnids
	Jul-Aug
	Jul 20
	1650
	21h 00m
	+48
	5
	

	
	
	Aug 21/22
	0000
	21h 00m
	+48
	5
	

	Capricornids
	Jul-Aug
	Jul 8
	0240
	20h 44m
	-15
	5
	

	
	
	Jul 15
	1050
	21h 00m
	-15
	5
	

	
	
	Jul 25
	2200
	21h 00m
	-15
	5
	

	Delta Aquarids
	Jul.15-Aug.20
	Jul 28
	1200
	22h36m 
	-17 
	20
	

	
	
	Aug 6
	1000
	23h 04m
	+02
	10
	

	Alpha Capricornids
	Jul.15-Aug.25
	Aug 2
	0550
	20h 36m
	-10
	5
	

	Iota Aquarids
	Jul-Aug
	Aug 6
	1000
	22h 10m
	-15
	8
	

	
	
	
	1000
	22h 04m
	-06
	10
	

	Perseids
	Jul.23-Aug.20
	Aug 13
	0500
	03h 04m
	+58
	75
	Swift-Tuttle

	Piscids
	Sep-Oct
	Sep 8
	1450
	00h 36m
	+07
	10
	

	
	
	Sep 20
	2232
	00h 24m
	00
	5
	

	
	
	Oct 13
	0710
	01h 44m
	+14
	5
	

	Orionids
	Oct 16-27
	Oct 21
	2100
	06h 24m
	+15
	25
	Halley

	Taurids (S)
	Oct.20-Nov.30
	Nov 5
	2130
	03h 28m
	+13
	5
	Encke

	Taurids (N)
	Oct.20-Nov.30
	Nov 12
	2100
	03h 52m
	+22
	5
	

	Leonids
	Nov 15-20
	Nov 18
	0230
	10h 08m
	+22
	100+?
	Tempel-Tuttle

	Puppids-Velids
	Nov 27-Jan
	Dec 8
	0110
	09h 00m
	-48
	15
	

	
	
	Dec 25
	1800
	09h 20m
	-65
	10
	

	Geminids
	Dec 7-16
	Dec 14
	1200
	07h 28m
	+32
	75
	3200 Phaethon

	Ursids
	Dec.17-25
	Dec 22
	1930
	14h 28m
	+78
	5
	Tuttle?





	Monthly Distribution of Meteorite Falls and Finds 
Green = Highest Value  Red = Lowest Value

	Month
	Total
	Falls
	% Falls
	Finds
	% Finds

	Jan
	79
	69
	87.3
	10
	12.7

	Feb
	117
	69
	59.0
	48
	41.0

	Mar
	144
	61
	42.4
	83
	57.6

	Apr
	220
	92
	41.8
	128
	58.2

	May
	136
	90
	66.2
	46
	33.8

	Jun
	150
	102
	68.0
	48
	32.0

	Jul
	175
	86
	49.1
	89
	50.9

	Aug
	110
	87
	79.1
	23
	20.9

	Sep
	120
	84
	70.0
	36
	30.0

	Oct
	119
	77
	64.7
	42
	35.3

	Nov
	108
	62
	57.4
	46
	42.6

	Dec
	81
	62
	76.5
	19
	23.5

	Unknown
	3125
	78
	2.50
	3047
	97.5



§516                                                                   Observing Meteors




   Perseids, Rich, Bright and Well Trained Meteors 
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	140º
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INSTRUCTIONS for the VISUAL METEOR OBSERVING FORM

A. In an effort to make each observer's work useable, and to thus standardize the data collected, I am introducing a new form for AMS observers to use. This form is useable by observers wishing to make visual counts (descriptive) or for those interested in a program of plotting meteors. I recommend new observers begin with visual counts, and when sufficient experience is gained, begin a program of plotting meteors. 

Below is a step-by-step explanation of the fields and columns on this form. Feel free to the American Meteor Society or the International Meteor Organizition if you have any questions or need additional information.

1) OBSERVER INFORMATION - the standard observer information such as date, time, longitude and latitude as well as elevation of your observing site, name, and location of your site (city, state, or some descriptive term), all are recorded at the top of the form.

It is standard to use a double date. For example, the observing night of August

11/12 represents the evening of August 11 and the morning of August 12. Even if the

observation began after midnight, the date is still written as August 11/12. All

observations should be recorded in universal time if possible. If you are unsure of how to convert local time to universal time, then indicate what time zone you are reporting. This will allow the time to be converted when the observation is archived. 

2) LIMITING MAGNITUDE - the limiting magnitude of the sky determined by the faintest star an observer can see. 1Total Meteors Observed at LM / C Total Meteors Observed at New LM

Scientists have selected magnitude rates established in the equation

p(m)=1- 7.0-LM

              ______

              7.0-m

Whereby the Limiting Magnitude of meteors ranges between 4 to 7 times the brightness of the faintest star yielding a selection of numbers as follows

                                                     LM               Sporadics            Perseids






7.0
           1.0000               1.0000 







6.5
 
0.803

   0.858







6.0

0.606                  0.716







5.5

0.465

   0.594







5.0

0.323

   0.472







4.5

0.237

   0.377







4.0

0.151

   0.282

3) PERCENT CLOUDY - obstructions to a field of view can be caused by trees, buildings, or clouds. While observing, the percentage of sky that is blocked by these obstructions is noted here at the beginning of the session and at any time a change has taken place. Clearly, it would take a very major effort to record every change in the percentage of cloud cover. Remember that you are outside first and foremost to observe meteors rather than to record cloud obscuration. Instead of recording every change, report the average cloud percentage during the past 10-15 minutes of your watch, until your field is cloudless again or you stop observing. Note the begin of the cloud cover and average the obstruction percentage unless it does not change severely. 

B. At first glance this method seems to be useful for any value of cloud cover. But let us think one step further. Imagine a hole of about 40° radius in the clouds. Observing through this hole about 50% of the area of your effective field is covered. In order to obtain the number of meteors you would have observed in an unrestricted field you have to multiply the number you observed within the partially covered field by a factor of 2. But owing to the construction of the human eye, most meteors are seen in the center of your field of view. In our example you would miss only 10% of the meteors instead of 50%. This example may be an artificial one but the situation is similiar to many other real cases of cloud cover. Please therefore note that the cloud correction is an approximation only, which works primarily with small amounts of cloud cover. Thus, you should take a break as soon as cloud cover exceeds 20%, unless you are monitoring an unusual meteor storm. 

4) DIRECTION FACING & ALTITUDE - where you look in the sky will affect your results. List both compass direction and altitude above the horizon. For example: SE(45).

5 ) BREAKS - record the time in which your attention is not focused on the sky for any reason.

6) COMMENTS - record any other information about your observation that might be useful.

C. INDIVIDUAL METEOR DATA:

1) TIME - the appearance time of the meteor, to the nearest minute, listed in universal time, or the same time zone as listed in the observer section.

2) MAG - the whole magnitude of the meteor as compared to the limiting magnitude correction factor of the faintest star in the night sky is determined in the equation:

3) COLOR - any definite, observed color of the meteor. 

4) TYPE - the shower membership of the meteor, or leave blank if the meteor was a sporadic.

5) DURATION - the duration of a meteor in tenths of a second.

6) LENGTH - the estimated length, in degrees, of a meteor's path across the sky.

7) VELOCITY - list the velocity of the meteor as slow, medium or fast.

8) DCV - the distance, from your center of vision, that the meteor first appeared. It is normally reported in multiples of 10 degrees

9) TRAIN - the length of time that any persistent train is visible.

10)  PLOT - check this column if the meteor is plotted. As an alternative, list the chart number the plotted meteor appears on

11)  REMARKS - list the chart number of a plotted meteor if not listed in the previous column. List any other information you feel is important concerning the meteor.

Mail a copy of the completed Visual Meteor Observer Form, letters and any plotting charts to the American Meteor Society that founded the International Meteor Organization in 1988:

Robert Lunsford

AMS Visual Program Coordinator

161 Vance Street         

Chula Vista, CA  91910-4828

International Meteor Organization

 c/o Rainer Arlt, Friedenstr. 

5, D-14109

Berlin, Germa
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  VISUAL   METEOR   OBSERVING   FORM $1 / MeteorPRIVATE 
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DATE: ___________________  Begin ____ h____ m    End _____ h_____ m ( ____ )
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BREAKS:_______________________________________________________________
COMMENTS:___________________________________________________________
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