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Art. I Perseid Meteor Shower 23 July – 20 Aug 2007

Art. 1 5th Plenary Perseid Party

1. To promote greater respect for the night sky we on planet Earth share in common, we, Tony and Sharon Sanders first put our birthday up for a vote in 2003, on 11 August 2004, we won the popular election with 139 meteors an hour.  With no moon, 2007 should be a good year for observing the Perseids, The 120 meteors an hour of the Quadrantids 1 Jan. – 5 Jan however pose a challenge with the Perseids 23 Jul. – 20 Aug whose maximum will be on the early morning of the 13th, it is up the Observers and the IMO, to decide.

2. This is the first draft to be done as a treaty.  So as not to confuse the buyers of the 10 Chapter Manuscript in August this Treaty is no longer Chapter 11 of the United States Code but a treaty to better observe our birthday on the day that has been set aside in Art. 11 of the Constitution of Non Governmental Ethics (CHANGE) that now states, 

The 11th of August is such a good day for a Party that both the author, Anthony J., in the Kingdom of the Netherlands, and his sister, Sharon M. Sanders, in the State of California, were born on that day in 1974 and 1976 respectively.  August 11 is at the height of the Perseid Meteor Shower when warm summer nights make for a nice 24 hour celebration.  Everyone is hoped to read HA Statute all day and/or watch the shooting stars all night on 11 August, Hospitals & Asylums Day.  Friends are reminded to make a wish on the Perseid meteor shower in the Summer Solstice Issue title24uscode@aol.com    

3. If the Perseids are the most generous meteor shower of the year we win, the kingdom, if the most popular night for meteors is our birthday. We hope to pay $1 per meteor formally reported to the International Meteor Organization and/or American Meteor Society.  Since we first began counting in 2003, the showers were obscured twice by the moon in 2003 and 2006.  2004 was a decisive victory and 2005 was also a victory, because the moon obscured the Leonids.  

4. In 2004 star fall was reported to have peaked at 139 meteors on 2004 August 11 after review of 16,536 Perseids observed in 1567 individual observing periods they were far and away the most observed of all meteor showers of 2004.  IMO reported for the whole year, a short-lived peak of activity that was observed at 20h56m UT +-4 min on August 11, 2004.  It was a decisive win.  

5. In 2005 the Earth was predicted to pass closest to the core of P109 Swift-Tuttle orbit near 1800 Universal Time on August 12 the meteors fell at their usual rate of 80 per hour and the Perseids were again winner against the winter moons.  

6. In 2006 meteor activity picked up and the Perseids were obscured by the moon.  There was a full moon on 9 August 2006 and it was impossible to compete with the 100+ meteors per hour of the Leonids 14 Nov.- 21 Nov., 120 of the Geminids 7 Dec. – 17 Dec. and the 120 of the Quadrantids 1 Jan. – 5 Jan.  

7. The 120 meteors an hour of the Quadrantids 1 Jan. – 5 Jan pose a competitor the Perseids 23 Jul. – 20 Aug whose maximum will on the early morning of the 13th.

8. Robert Lunsford, Operations Manager of the American Meteor Society announced in Issue No. 34 of Meteor Trails, Journal of the American Meteor Society of June 2007, the Perseid meteor shower is often the highlight of the meteor observers’ year.  Being able to view strong activity during the warm summer nights is a combination that is hard to beat.  For those of us who have spent many a cold winter’s morning under the stars, this is a welcome change and an opportunity not to be missed.  For those of us who rarely observe meteors the Perseids present a great opportunity to see some shooting stars. In 2007, the viewing conditions for the Perseids are nearly ideal.  

9. Experienced observers will need to note the peak for this year’s display is one day later than normal.. The normal maximum occurs on August 12 but due the year being 365.25 days long we have gained 18 hours since the last leap year.  This will push the Perseids and most of the other showers a day later in 2007 and early 2008.  With 2008 being a leap year the showers will revert back to their normal dates starting with the 2008 Lyrids in April.  Solar longitudes refer to equinox J2000 and have three significant decimals. Solar longitudes are given in 2-hour steps for each day of the years.  Solar longitude numbers zero on the spring equinox of every year.  
10. Each time the parent comet 109P/Swift-Tuttle returns to the inner solar system another stream is created and there is an increase in the number of meteors.  During the mid-90s, after the passage of the comet in Nov. and Dec. of 1992 reported rates were as high as 400 per hour.  Considerable very old material now obits the sun in paths relatively close to the trail left by the comet.  At times we usually skim the outer regions where the meteoroid density is not as great.  The density in these areas is still great enough to produce and average of sixty Perseids per hour during a normal display. 

11. The best strategy for viewing the Perseid shower would be to observe as late as possible during the early morning hours of August 13. Perseid meteors will appear in every portion of the sky but most of the activity will appear in the northeast quadrant, some thirty degrees away from the radiant.  Sporadics meteors will have random paths while Perseid meteors trace back to the radiant.  It is encouraged to view this year’s display, as the 2008 return is not nearly as favorable.  If your sky is cloudy on the night of maximum activity (August 12/13) decent rates will still be seen two nights before and after maximum.  Hoping the people will go the darkest polls with the clearest skies they can find in record numbers so we can win the election on the basis of the popular vote of meteor observers reporting to the IMO.

Art. 2 Comet Swift Tuttle

1. Comet 109P Swift-Tuttle, was officially discovered in 1862 after Lewis Swift discovered this comet in Camelopardalis on 1862 July 16, in Marathon, New York while examining the northern sky with his 11.4-cm Fitz refractor. Without knowledge of Swift's observation, Horace Parnell Tuttle (Harvard College Observatory, Cambridge, Massachusetts, USA) independently discovered this comet on July 19 of the same year and noted it was heading northward. 

2. Tuttle made an official announcement. When Swift heard of Tuttle's find, he made his announcement to get credit for his first comet discovery.  That is how the Comet of Swift-Tuttle got its name.
3. The Comet will not return to its perihelion until 2126, it has a period of 135.29 years and has an Orbital Inclination of 113.5°.   The Perihelion of the AU of the Comet is 0.96, at its closest point to the sun.  Eccentricity of the Orbit is also 0.96 and the Inclination is 113.5
Aim point RA: 9h 42m 17s Dec: -26°5'39"; Wed 2005 Aug 10 0:13 UTC
4. The last time 109P Swift-Tuttle passed near Earth was in November and December 1992.  At this time it maintained a peak magnitude brighter than 5.0.  Observations indicated a probable nuclear rotation rate of 2.9 days. 

5. 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.

6. Swift-Tuttle won't make another swing through the inner solar system until 2126.

7. In the report on the Alpha Centauri System HA-12-3-05 the orbit of the Comet was determined to stretch from near Neptune to inside the orbit of Earth meaning that Swift-Tuttle is in the Kuiper Belt.  

8. It is estimated that impact with the Comet of Swift Tuttle would be equivalent to 225,000 gigatons of TNT.
9. The velocity of the Comet of Swift Tuttle is estimated 60,000 m/sec, 60 km/sec, 3,600 km/min, 216,000 km/hr, 5,184,000 km/day, 1,892,200,000 km/yr. A light year represents the 9,500,000,000,000 kilometers that light travels in one year.  

10. After 135 years traveling at 1,892,200,000 km per light year the Comet of Swift Tuttle would only travel 255,547,000,000 km in the entire round trip voyage.

11. 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 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. 

Art. 3 Perseid Meteors

1. Perseid Meteors can be seen from mid-July through nearly all of August.  The reason for this long period is that there are many different streams of debris causing the Perseid meteors.  Each time the parent comet 109P/Swift-Tuttle returns to the inner solar system another stream is created.  As time progresses this material spreads and disperses.  The Perseid meteors are usually one of the most popular showers of the year.  Observers can frequently see over 100 meteors an hour.  

2. There was a dramatic increase in meteor observations in the year after the comet passed through in November to December 1992 and throughout the 90s but it slowed and the shower was undetectable in 2000 but recovered. Since we first began counting in 2003, the showers were obscured twice by the moon in 2003 and 2006.  In 2004 star fall was reported to have peaked at 139 meteors on 2004 August 11. In 2005 star fall was reported to have been the usual rate of  80 per hour.  In 2006 star fall was obscured by the moon.  2007 is predicted to be a good viewing year, with no moon.

3. Peasants of Franconia and Saxony have long believed that St. Lawrence weeps tears of fire which fall from the sky every year on his fete 10 August.  Saint Lawrence was tortured and killed in Rome on 10 August 258, during the reign of the anit-Christian emperor Valerian.

4. 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.

5. The American Journal of Science and Arts (AJS) was founded in 1818 by Benjamin Silliman (1779-1864) a Yale College chemistry professor.  Silliman first became involved in meteor matters when he was asked to investigate an 1807 meteorite fall on Weston, Connecticut.  President Thomas Jefferson was incredulous that a rock fell from the sky.  Silliman was however not shaken and he taught his student’s of his belief in the cosmic origin of meteorites.  

6. One of the students, Denison Olmstead (1791-1859) was the first astronomer to study the Leonid meteor stream and the first to invite amateurs to join him in astronomical research. Olmstead was awoken by a New Haven, Connecticut neighbor to witness the Leonid storm on 13 November 1833.  Olmsted reported his findings to a local newspaper and asked its readers to contribute their observations so that he could analyze the astonishing phenomenon.   

7. Clear skies had allowed the public to see the display and knowledgeable people contributed their sightings.  Olmstead’s library reports high Leonid rates also occurred in 1831 and 1833 as well as in 1834-1886.  Olmsted received observations from the entire eastern half of North America whose legacy is continued by the American Meteor Society is reported to have begun in 1837, when Denison Olmsted invited some of his Yale College students to join him in monitoring the Leonids.  

8. Inspired by the great meteor shower of the night of November 12-13, 1833, when more than a thousand shooting stars per minute had been seen radiating from the constellation Leo.  John Locke, a physician and girls'-school headmaster in Cincinnati, Ohio, was the first person dignified enough to be attributed with the discovery that the August meteor shower comes from a radiant in Perseus. 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).  
9. On August 11, 1834, the Cincinnati Daily Gazette published a letter to the editor from John Locke, then headmaster of a girls' school, who was about to begin, at age 43, a highly productive career as a physicist, geologist, and scientific instrument maker.  So now there were three independent discoverers of the Perseid meteor shower.   

10. 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 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. 

11. The Perseids are one the years best meteor showers.  The meteors are very fast and frequently burst into flame at the end.  Observers are usually rewarded with hundreds of meteors in the early morning hours during the peak of the shower 11-14 August.                                                                                                                                   

Part  II Visual Meteor Observation

Art. 4 Meteor Showers
1. There are only nine meteor showers than are considered major. They are the Quadrantids (Jan 3-4), Lyrids (Apr 22), Eta Aquarids (May 2-10), Delta Aquarids (Jul 26-30), Perseids (Aug 5-19), Orionids (Oct 18-26), Leonids (Nov 18), Geminids (Dec 10-16), and the Ursids (Dec 22). These major showers vary in intensity but all are best seen during the early morning hours. Viewing the morning sky during these periods will offer much more activity as these showers will combine with the normal sporadic activity to produce a good show. The absolute ten best mornings for viewing meteor activity are: (in order of strength) Dec 14, Aug 12, Dec 13, Aug 11, Aug 13, Jan 3, Dec 12, Oct 22, Aug 10, and Dec 11. Since the Earth encounters these showers every year at the same time, these dates will usually remain the same year after year. 

2. Meteor showers sometimes occur when the Earth passes thru the orbit of a comet or space debris should enter the Earth’s atmosphere.  Some occur with great regularity: the Perseid meteor shower occurs every year between August 9 and 13 when the Earth passes thru the orbit of Comet Swift-Tuttle. Comet Halley is the source of the Orionid shower in October.  Meteors appear as fast-moving streaks of light in the night sky. They are frequently referred to as "falling stars" or "shooting stars." 

3. An estimated 25 million meteors fall every day however most are too small to be visible to the naked eye. Most visible meteors are white or blue-white in appearance, although other frequent colors are yellow, orange. The colors seem more related to the speed of the meteor rather than composition. Red meteors occasionally appear as very long streaks and are usually indicative of a meteor that is skimming the atmosphere. Green meteors are also occasionally seen and are usually very bright. The green color may be a result of ionized oxygen.
4. Meteoroids are the smallest particles orbiting the sun, and most are no larger than grains of sand. From years of studying the evolution of meteor streams, astronomers have concluded that clouds of meteoroids orbiting the sun were produced by comets. Meteoroids can not be observed moving through space because of their small size. Over the years numerous man-made satellites recovered by manned spacecraft have shown pits in their metal skins which were caused by the impact of meteoroids. Meteoroids become visible to observers on Earth when they enter Earth's atmosphere. They are then referred to as meteors. They become visible as a result of friction caused by air molecules slamming against the surface of the high-velocity particle. The friction typically causes meteors to glow blue or white, although other colors have been reported. Most meteors completely burn up in the atmosphere at altitudes of between 60 and 80 miles. They are rarely seen for periods of more than a few seconds.

5. Meteors, arrive at very high speeds — anywhere from 11 to 74 kilometers (7 to 46 miles) per second therefore they vaporize by air friction in a white-hot streak. Most meteor parents (meteoroids) range in size from sand grains to pebbles. 

6. 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. 

7. A meteor that appears brighter than any of the stars and planets is called a fireball. 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.  

8. 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. 

9. 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. 

10. 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. 

11. 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.

12. The Smithsonian Astrophysical Observatory, computed 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. The first estimates of the object's mass 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 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. This meteor had entered the Earth’s atmosphere but skimmed along the horizon and never touched the ground.

Art. 5 Meteor Shower Calendar 2007

α, δ: Coordinates for a shower's radiant position, usually at maximum. α is right ascension, δ is declination. Radiants drift across the sky each day due to the Earth's own orbital motion around the Sun, and this must be allowed for using the details in Table 6 (page 23) for nights away from the listed shower maxima. 

r: The population index, a term computed from each shower's meteor magnitude distribution. r = 2.0 —2.5 is brighter than average, while r above 3.0 is fainter than average. 

λ: Solar longitude, a precise measure of the Earth's position on its orbit which is not dependent on the vagaries of the calendar. All λ are given for the equinox 2000.0. 

v∞: Atmospheric or apparent meteoric velocity, given in km/s. Velocities range from about 11 km/s (very slow) to 72 km/s (very fast). 40 km/s is roughly medium speed. 

ZHR: Zenithal Hourly Rate, a calculated maximum number of meteors an ideal observer would see in perfectly clear skies with the shower radiant overhead. This figure is given in terms of meteors per hour. Where meteor activity persisted at a high level for less than an hour, or where observing circumstances were very poor, an estimated ZHR (EZHR) is used, which is less accurate than the normal ZHR. 

	Shower 
	Activity 
	Max Date
	λ
	α
	δ
	v∞
	r 
	ZHR

	Antihelion Source (ANT) 
	Jan 01 - Dec 31
	
	
	
	
	30 
	3.0 
	3

	Quadrantids (QUA) 
	Jan 01 - Jan 05
	Jan 04 
	283°16 
	230° 
	+49° 
	41 
	2.1 
	120

	α-Centaurids (ACE) 
	Jan 28 - Feb 21
	Feb 08 
	319°2 
	211° 
	-59°
	56 
	2.0 
	5

	δ-Leonids (DLE) 
	Feb 15 - Mar 10
	Feb 25 
	336° 
	168° 
	+16° 
	23 
	3.0 
	2

	γ-Normids (GNO) 
	Feb 25 - Mar 22
	Mar 14 
	353° 
	239° 
	-50°
	56 
	2.4 
	4

	Lyrids (LYR) 
	Apr 16 - Apr 25
	Apr 22 
	32°32 
	271° 
	+34° 
	49 
	2.1 
	18

	π-Puppids (PPU) 
	Apr 15 - Apr 28
	Apr 24 
	33°5 
	110° 
	-45°
	18 
	2.0 
	var

	η-Aquarids (ETA) 
	Apr 19 - May 28
	May 06 
	45°5 
	338° 
	-01°
	66 
	2.4 
	60

	η-Lyrids (ELY) 
	May 03 - May 12
	May 09 
	48°4 
	287° 
	+44 
	44 
	3.0 
	3

	June Bootids (JBO) 
	Jun 22 - Jul 02
	Jun 27 
	95°7 
	224° 
	+48° 
	18 
	2.2 
	var

	Piscis Austrinids (PAU) 
	Jul 15 - Aug 10
	Jul 28 
	125° 
	341° 
	-30°
	35 
	3.2 
	5

	South.δ-Aquarids (SDA) 
	Jul 12 - Aug 19
	Jul 28 
	125° 
	339° 
	-16°
	41 
	3.2 
	20

	α-Capricornids (CAP) 
	Jul 03 - Aug 15
	Jul 30 
	127° 
	307° 
	-10°
	23 
	2.5 
	4

	Perseids (PER) 
	Jul 17 - Aug 24
	Aug 13 
	140°0 
	46° 
	+58° 
	59 
	2.6 
	100

	κ-Cygnids (KCG) 
	Aug 03 - Aug 25
	Aug 18 
	145° 
	286° 
	+59° 
	25 
	3.0 
	3

	α-Aurigids (AUR) 
	Aug 25 - Sep 08
	Sep 01 
	158°6 
	84° 
	+42° 
	66 
	2.6 
	7

	September Perseids (SPE) 
	Sep 05 - Sep 17
	Sep 09 
	166°7 
	60° 
	+47° 
	64 
	2.9 
	5

	δ-Aurigids (DAU) 
	Sep 18 - Oct 10
	Oct 04 
	191° 
	88° 
	+49° 
	64 
	2.9 
	2

	Draconids (GIA) 
	Oct 06 - Oct 10
	Oct 09 
	195°4 
	262° 
	+54° 
	20 
	2.6 
	var

	ε-Geminids (EGE) 
	Oct 14 - Oct 27
	Oct 18 
	205° 
	102° 
	+27° 
	70 
	3.0 
	2

	Orionids (ORI) 
	Oct 02 - Nov 07
	Oct 21 
	208° 
	95° 
	+16° 
	66 
	2.5 
	23

	Leo Minorids (LMI) 
	Oct 19 - Oct 27
	Oct 24 
	211° 
	162° 
	+37° 
	62 
	3.0 
	2

	Southern Taurids (STA) 
	Oct 01 - Nov 25
	Nov 05 
	223° 
	52° 
	+15° 
	27 
	2.3 
	5

	Northern Taurids (NTA) 
	Oct 01 - Nov 25
	Nov 12 
	230° 
	58° 
	+22° 
	29 
	2.3 
	5

	Leonids (LEO) 
	Nov 10 - Nov 23
	Nov 18 
	235°27 
	153° 
	+22° 
	71 
	2.5 
	15+

	α-Monocerotids (AMO) 
	Nov 15 - Nov 25
	Nov 22 
	239°32 
	117° 
	+01° 
	65 
	2.4 
	var

	Dec Phoenicids (PHO) 
	Nov 28 - Dec 09
	Dec 06 
	254°25 
	18° 
	-53°
	18 
	2.8 
	var

	Puppid/Velids (PUP) 
	Dec 01 - Dec 15
	(Dec 07)
	(255°) 
	123° 
	-45°
	40 
	2.9 
	10

	Monocerotids (MON) 
	Nov 27 - Dec 17
	Dec 09 
	257° 
	100° 
	+08° 
	42 
	3.0 
	2

	σ-Hydrids (HYD) 
	Dec 03 - Dec 15
	Dec 12 
	260° 
	127° 
	+02° 
	58 
	3.0 
	3

	Geminids (GEM) 
	Dec 07 - Dec 17
	Dec 14 
	262°2 
	112° 
	+33° 
	35 
	2.6 
	120

	Coma Berenicids (COM) 
	Dec 12 - Jan 23
	Dec 20 
	268° 
	177° 
	+25° 
	65 
	3.0 
	5

	Ursids (URS) 
	Dec 17 - Dec 26
	Dec 23 
	270°7 
	217° 
	+76° 
	33 
	3.0 
	10


Source: Table 5: International Meteor Organization Meteor Shower Calendar 2007
Art. 6 Definitions

Definitions for words and symbols common to the observation of Comets and Meteors.

Absolute magnitude (H10 and H0): This is the brightness a comet would exhibit if placed 1 AU from both the Earth and sun. Using a special formula, the brightness estimates made for comets can be converted to absolute magnitudes which aids in the study of how a comet reacts as it approaches or recedes from the sun. For H0, an accompanying value designated "n" determines how fast a comet brightens or fades when approaching or receding from the sun.

Anti-tail: The name given to a tail when it points towards the sun. This is a rare event and typically occurs when the Earth crosses the plane of the comet's orbit when that comet is relatively close to the sun and exhibiting notable tail activity.

Apparent Radiant: The point from which meteors appear to originate in the sky.

Arc Minutes: This is an angular measure frequently used to denote the size of a comet's coma and tail. One arc minute is 1/60th of a degree.

Arc Seconds: This is an angular measure frequently used to denote the size of a comet's nuclear condensation. One arc second is 1/60th of an arc minute.

Astronomical unit (AU): This is a standard unit of measure to represent the distances of objects within our solar system from the sun. One AU is 149,597,870 kilometers.

Bolide: A very bright meteor which fragments or explodes. Sounds of the explosion can be heard if the observe is close enough.

Coma: A diffuse, luminous cloud of dust and gas that develops around a comet's nucleus as it nears the sun.

Coma Diameter: One of the important pieces of information an observer can determine when viewing comets. The size is usually given in arc minutes, although distant comets can display a coma that is measured in arc seconds and near-Earth comets can display a coma that is measured in degrees.

Daylight Stream: A meteor stream that is active and above the horizon at the same time as the sun. They can only be observed by radar and radio-echo techniques.

Declination (DECL): The celestial equivalent of latitude. The celestial equator is zero degrees, while the celestial north and south poles are 90 and -90 degrees, respectively.

Degree of Condensation (DC): A term used to denote how the comet's surface brightness is concentrated within the coma. A DC of 0 indicates the comet surface brightness is evenly distributed with no apparent concentrated. A DC of 9 indicates the comet essentially looks like a planet.

Fireball: A meteor which is brighter than any planet or star, i.e. brighter than magnitude -4.

Geocentric distance (delta): The distance of an object from Earth, usually given in astronomical units.

Heliocentric distance (r): The distance of an object from the sun, usually given in astronomical units. 

Long-period comets: Comets moving in orbits having periods greater than 200 years.

Magnitude (m1 and m2 for comets): One of the most important pieces of information gathered by amateur astronomers. This represents the estimated brightness of the comet when compared to stars around it. The term "m1" is used to represent the total or integrated brightness of the comet's coma, while "m2" represents the brightness of the nucleus. Observers estimate "m1" by usually memorizing the comet's appearance and then defocusing the surrounding stars to a size equivalent to the comet's coma diameter. The memorized comet's appearance is then compared to the defocused stars to determine the comet's brightness. In meteor astronomy the magnitude of a meteor is compared to that of other stars in the sky. The magnitude scale is set up so that the brighter magnitudes are actually represented by smaller numbers. The sun is about magnitude -26, the moon -12, Venus is -4, and the faintest naked-eye star is generally about +6.

Meteor: Popularly called a "shooting star" or a "falling star", a meteor is actually an object usually ranging from the size of a dust particle to a rock that enters Earth's atmosphere, and is heated by the friction of air resistence. Most meteors originate from comets.

Meteorite: A meteor that is large enough to survive its passage through the atmosphere and hit the ground.

Meteor Shower: A shower of meteors occurs when Earth's orbit intersects the orbit of a meteor stream.

Meteor Storm: This is a rare event that occurs when Earth encounters closely grouped meteors within a meteor stream. Such events can see meteor rates exceeding 1000 per minute.

Meteor Stream: This represents the orbit of meteoroids as they travel around the sun. Meteors are the by-product of comets, so it is possible for the parent comet to be traveling in the same orbit--if it still exists.

Meteor Train: A trail of ionized dust and gas that remains along the path of a meteor.

Minor Meteor Showers: Meteor showers that produce less than 10 meteors per hour at the time of maximum activity.

"n": This is the photometric parameter generated when calculating a comet's absolute magnitude. It indicates the comet's rate of brightening and fading as it approaches or recedes from the sun, respectively.

Nucleus: The actual solid body of a comet. The nucleus is rarely visible when the comet is in the inner solar system because of the coma. It has been referred to as a "dirty snowball" because it is believed to be composed of about 75 percent of various ices and about 25 percent of various dusts. A photo of the nucleus of Halley's comet by the Giotto probe revealed the nucleus as an asteroidal-looking body. Most comet's have a nucleus that measures only a few kilometers across.

Period: The amount of time, usually given in years, that it takes an object to orbit the sun. 

Perihelion Date (T): The date an object reaches its closest distance from the sun.

Perihelion Distance (q): The point in an orbit when an object is closest to the sun. The value is usually given in astronomical units.

Persistent Train: Train luminosity that lasts more than a second.

Position Angle (PA): An angular measurement indicating which side of the nucleus something is located. A "PA" of 0 degrees indicates an object is located north of the nucleus, while 90 degrees indicates east, 180 degrees is south, and 270 degrees is west. It is most commonly used to indicate the direction the tail is pointing. On occasion, when a comet's nucleus has broke up, the position angle is used to indicate which direction the nuclear fragments are located from the primary nucleus.

Radiant: The point from which a meteor appears to emanate.

Radiant Drift: The movement of a meteor shower's radiant against the star background. This characteristic is common to all meteor showers and is caused by Earth's passage through a meteor stream.

Right Ascension: The celestial equivalent of Earth's longitude, beginning at a line running pole to pole and cutting through eastern Pegasus. In meteor astronomy the right ascension is handled in degrees, starting at zero degrees and advancing eastward around the sky for a full 360 degrees ending in eastern Pegasus. For the rest of astronomy, the right ascension is handled as a time measurement. Since it takes 24 hours for the Earth to rotate, the sky is divided into 24 one hour wide bands. Each hour of right ascension equals 15 degrees.

Short-period comets: Comets moving in orbits having periods less than 200 years.

Solar Longitude: This is an angular measurement that specifies the location of Earth in its orbit around the sun. More precisely, it is the longitude of the sun as given in geocentric coordinates. The evaluation of meteor data strongly relies on this figure rather than a conventional date.

Tail: The most distinctive feature of comets, especially great ones. It is typically directed away from the sun. Ancient and medieval observers frequently described a comet as a broom or sword, depending on the look of the tail. Typically, telescopic comets will exhibit either no tail or one extending a few arc minutes. Naked-eye comets can show a tail extending up to several tens of degrees. Comets can display two basic types of tails: one gaseous and the other largely composed of dust. The dust tail can be curved, spread out, and yellowish in appearance, while the gas tail is usually very straight and bluish.

Terminal Burst: The flare at the end of a meteor's path.

Zenithal Hourly Rate (ZHR): This is the rate a meteor shower would produce if seen by an observer with a clear, dark sky, and with the radiant at the zenith.

From the Glossary of Gary W. Kronk’s Comets and Meteor Showers.
Part III Meteorites

Art. 7 Collisions with Comets and Large Meteorites

1. There are about 175 terrestrial Impact Craters reported so far all over the world and only seven are of Proterozoic age or older. Most impact structures on earth have been discovered in Precambrian shields and mostly in the mid-latitude shields. 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.

1. 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. 

2. 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. 

3. 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. 

3 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. 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. 

4. Countless articles, books, and movies on the threat of meteorite impacts have already. 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. 
5. 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. 

6. The definitive attribution of the extinction of the dinosaurs to a collision with a comet can be attributed to the 1980’s when Luis Alvarez and his coworkers hypothesized that a giant meteorite hit the Earth and caused global environmental damage, leading to the extinction of the reptilian dinosaurs. 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. 

7. 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, 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. 

8. 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). 

9. 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. 

10. 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.

Art. 8 Historic Meteorites 

1. Occasionally, a large meteor will not burn up completely as it moves through Earth's atmosphere. The subsequent pieces that fall to Earth's surface are known as meteorites. In the period of recorded history from 2,500 BC to 30 Mar 1999 inclusive there have been a total of 4684 Meteorites that have been registered.  A Catalogue of Meteorites and Fireballs, from A.D. 2 to A.D. 1860. The earliest record of human discovery and use of meteorites is an iron dagger of meteoritic origin that was discovered in the tomb of the 14th-century B.C. Egyptian pharaoh Tutankhamen in 1922. 

2. 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? 

3. 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 metal-smiths 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 is very likely the result of experimentation with meteorites jump-starting the Iron Age. 

4. 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. 

5. 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. A 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. Four horses are shown 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.  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. 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.

6. 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. 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. 

7. 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.  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 non-meteoritic origins, such as basalt or agate.  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. 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.

8. 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.  

9. 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. In their long overland journey the white discoverers 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.                          

10. 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.  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). 

11. 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. 
12. 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 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. On August 14, 1992, dozens of rocks fell on the African town of Mbale in Uganda.  Local residents ground up some of the fragments the largest weighing 24 pounds and created a crater 3½ inches deep others 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.  In 2006 an elderly man was hit with a meteorite and was hospitalized for a short time before being released.

Art. 9 Native Tales
1. 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.

2. During the last 15 to 20 years, archeo-astronomy 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.

3. 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.

4. 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."

5. 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. 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." 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 sun grazing comet of 1843 and the great Leonid storm of 1833, both of which occurred early in his life.

6. 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.  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:

7. 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." 

8. 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. 

9. 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 [undefined].  

10. 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.

11. 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. 

12.  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.

Art. IV Meteor Societies

Art. 10 International Meteor Organization

1. Founded in 1988, the International Meteor Organization (IMO) is an international scientific non-profit making organization with members all over the world. The IMO was created in response to an ever growing need for international cooperation of amateur meteor work. As such, the IMO's main objectives are to encourage, support and coordinate meteor observing, to improve the quality of amateur observations, to disseminate observations and results to other amateurs and professionals and to make global analyses of observations received world-wide.

2. The IMO's main instrument to achieve its goals is its bimonthly journal WGN. All IMO members receive this journal. Annually, it contains over 220 pages of general meteor news, observing program guidelines, reports and analyses of observations, and more general articles on meteoric phenomena, some of them by professionals in the field. WGN also makes membership worthwhile to those readers who wish to keep in touch with meteor science, without being an actual meteor observer.

3. The need for international cooperation in meteor work has existed for a long time. Therefore, in 1979, a first International Meteor Weekend was held near Bonn, Germany. After that time, similar meetings were held every one to two years in Belgium, Germany or the Netherlands. In less than a year, about 100 meteor workers from Europe, North- America, the former Soviet-Union, Australia and Japan, among them several professionals, were prepared to act as founding members for this organization. 

4. In order to guarantee its truly international character, the IMO got legal status as an international scientific non-profit making organization. The organization's constitution was approved at the 1989 International Meteor Conference in Balatonfoldvar, Hungary. As a result of this internationalization of amateur astronomy, WGN, originally Werkgroupniews, a circular in Dutch for observers in Belgium and the Netherlands, grew into a truly international journal in English with contributions from all over the world. It was therefore decided at the 1988 International Meteor Conference in Oldenzaal, the Netherlands, that an International Meteor Organization had to be founded with WGN as its principal journal.

5. The IMO also organizes, or provides assistance to the organization of, International Meteor Conferences, publishes handbooks, composes observing programs, collects observations and feeds them to international databases in order to analyze them quickly. IMO also maintains good contacts with professional meteor astronomers, many of whom are very interested in the work and results in WGN.

6. Annual fees are 20 EUR or 24 US$. In the first year, new Members enter IMO as an associate member who enjoy all privileges of membership, except the right to vote and to hold office. However, your candidacy for voting membership will be submitted to the next General Assembly which will normally grant this.  

7. From June 7 to 10 the 26th IMC took place in Bareges, France.  Thanks to the effort of Francois Colas, Jeremie Vaubaillon and others of the local organizing team (and the many people behind the scenery in L'Hospitalet) on the one hand and the efforts of 84 participants to attend the IMC 2007 it became a very good conference. The unusual date in June (instead of September) was due to the "Meteoroids 2007" in Barcelona right after the IMC. In total, I counted 19 IMC participants who also attended the Meteoroids, indicating that the conjunction of the two meetings led to useful interactions between the
participants of both conferences.

8. One of the next steps is the preparation of the IMC 2008. During the September IMCs, we usually present the date and location of the following IMC. This year we are three months  ahead of this schedule. Therefore we would encourage people or groups who think about preparing and hosting a future IMC  to send their proposals to the IMO Council. Of course, this concerns not only the IMC 2008, but perhaps also conferences
further in the future. An early proposal allows to start preparations well ahead. It also allows the Council to chose a location and date considering the distribution and usual time schedules of most IMO members and participants.  So please let us know your thoughts and proposals by July 20  so that we can inform both the organizers and the participants  about the IMC 2008 in due time.

Kind regards

Juergen Rendtel
IMO President 

19 June 2007
Art. 11 American Meteor Society

1. The American Meteor Society (AMS), Ltd. is incorporated as a Not-For-Profit Corporation in the State of New York. Quoting from our certificate of incorporation, our purposes are: 

2. To encourage and promote research activities of both amateur and professional astronomers who are directly interested in meteoric astronomy. 

3. To observe, monitor, collect information, plot and report on meteors, meteoric fireballs, meteoric trains, and related meteoric phenomena. 

4. To establish a network of radiometeor stations. 

5. To publish scientific materials dealing with meteoric astronomy. 

6. To publish a newsletter dealing with meteoric astronomy. 

7. To carry on any other scientific or public service activities relating to meteoric astronomy. 

8. The corporation is managed by a three-person board of directors: the Executive Director, the Secretary, and the Treasurer. Other staff appointments are made at the annual Board of Directors' meeting. Operations Staff appointments include an Operations Manager, and coordinators for the Visual Program, Radiometeor Project, and Electronic Information. The corporate office remains at the SUNY-College at Geneseo, New York. 

9. The American Meteor Society was founded in 1911 by the late Dr. Charles P. Olivier, as an offshoot from the American Astronomical Society (AAS). Dr. Olivier's goal was to organize a collaborative effort between amateur and professional astronomers, for the purpose of conducting visual observations of both meteor showers and meteors appearing at random (sporadic meteors). 

10. Over his 65-year career, Dr. Olivier attracted a wide variety of observers who helped him explore a number of areas within "classical" meteoric astronomy. Upon receiving the mantle, Dr. Meisel's first challenge was to secure a suitable home and headquarters for the AMS. Dr. Meisel's institution, the State University of New York, College at Geneseo graciously accepted the organization, and since 1976, the AMS headquarters have been located in the Department of Physics and Astronomy there. For some 17 years, the public service and scientific activities of the AMS were supported in part by SUNY - Geneseo as a part of the astronomy program at the College. 

11. The dues schedule for AMS is as follows: Students and Observers: US $6.50, Associates: US $8.00, Groups: US $10.00 

12. Meteor Science is one of the few remaining astronomical fields where an amateur astronomer, equipped with relatively simple equipment, can provide a valuable service to the planetary science community. Around the world, hundreds of amateur astronomers maintain a nearly continuous watch on the incoming meteor flux striking the night side of the Earth's atmosphere. These dedicated observers record the activity of the sixty or so known meteor showers which occur each year, monitor the daily rise and fall of the background (sporadic) meteors, and keep an eye out for those rare and unusual meteoric events which occasionally grace the night sky.  

13. Once received by the program coordinator, copies of these data are then distributed to other interested organizations, such as the International Meteor Organization (IMO), as well to as individual amateur and professional astronomers (both AMS and non-AMS) who are interested in utilizing the data for a particular study. Additionally, this page also contains a number of papers and articles written by present and past AMS affiliates on the topic of techniques for visual meteor observing and data reduction. 

Part V  Asteroids, Comets and Dwarf Planets
Art. 12 Oort Cloud and Kuiper Belt Theories 

1. Our solar system began as a vast cloud of gas and dust. Several billion years ago, this cloud slowly rotated around our very young sun and particles within the cloud collided with one another. During this time some objects were obliterated by these collisions, while others grew in size and were to later become the eight planets.  Many smaller objects also orbit the sun.  Throughout this early period, comets probably filled the solar system. Their collisions with the early planets played a major part in the growth and evolution of each planet. The ices that make up comets appear to have been the very building blocks that formed the early atmospheres of the planets, and scientists now very strongly believe that it was the collisions of comets that brought water to our world and enabled life to begin.  Over the years, comets actually became rarer within our solar system. They no longer fill the skies as they did 4 billion years ago, and today a prominent naked-eye comet can be expected only about once a decade. 

2. In 2006 Pluto was added to a list of about 50 dwarf planets.  There are nearly 1,000 registered comets and hundreds of thousands of asteroids.  These smaller objects have more elliptical orbits than regular planets.  Many do not enter the inner solar system and are difficult to detect. Astronomers with powerful telescopes can see many more comets, but even in this case it is still rare for as many as 15 or 20 comets to be detectable in the sky at any one time.  Today, most comets are located outside our solar system in part of the original cloud of dust and gas that remained virtually untouched for billions of years. 

3. Starting in 1992, astronomers have become aware of a vast population of small bodies orbiting the sun beyond Neptune. The Kuiper Belt is a disk-shaped region past the orbit of Neptune extending roughly from 30 to 50 AU from the Sun containing many small icy bodies. It is now considered to be the source of the short-period comets. There are at least 70,000 "trans-Neptunians" with diameters larger than 100 km in the radial zone extending outwards from the orbit of Neptune (at 30 AU) to 50 AU, 6.16 to 10.12 billion kilometers. Observations show that the trans-Neptunians are mostly confined within a thick band around the ecliptic, leading to the realization that they occupy a ring or belt surrounding the sun. This ring is generally referred to as the Kuiper Belt.  Seeing that Oort's cloud of comets did not adequately account for the population of comets with short orbital periods, making complete orbits around the sun in less than 200 years. The Kuiper Belt was first theorized by the Dutch-American astronomer Gerard Kuiper in 1951.
4. The Oort Cloud creates the boundary of the solar system and reaches to a quarter of the way to the nearest star.  The Oort Cloud is an immense spherical cloud surrounding the planetary system and extending approximately 3 light years, about 30 trillion kilometers from the Sun. This vast distance is considered the edge of the Sun's orb of physical, gravitational, or dynamical influence. The total mass of comets, asteroids and dwarf planets in the Oort cloud is estimated to be 40 times that of Earth. The cloud was first theorized by the Dutch astronomer Jan Oort in 1950. 

5. 11 comets and asteroids have been explored by spacecraft so far, as follows: ICE flyby of Comet Giacobini-Zinner. Multiple flyby missions to Comet Halley. Giotto (retarget) to Comet Grigg-Skellerup. Galileo flybys of asteroids Gaspra and Ida (and Ida satellite Dactyl). NEAR-Shoemaker flyby of asteroid Mathilde on the way to orbit and land on Eros. DS-1 flybys of asteroid Braille and Comet Borrelly. Stardust flyby of asteroid Annefrank and recent sample collection from Comet Wild 2. For future we can expect: Hayabusa (MUSES-C) to asteroid Itokawa, Rosetta to Comet Churyumov-Gerasmenko, Deep Impact to Comet Tempel 1, and Dawn to orbit asteroids Vesta and Ceres.
Art. 13   Dwarf Planets

1. There are roughly 50 known objects in the solar system that can be classified as dwarf planets, including some close in size to Eris and Pluto.  Calculations show that Pluto, the distant world that astronomers no longer deem a planet is not even the largest of our solar system's so-called dwarf planets -- it is smaller than recently discovered dwarf planet Eris. Pluto should be getting accustomed to second place.  "It's also the second dwarf planet discovered. And it's the second largest Kuiper belt object. ... It's pretty good at being in second place. I think it likes it there."

2 .Pluto, named for the ancient Greek god of the underworld, was discovered in 1930. It was considered our solar system's ninth planet until August 2006, when the International Astronomical Union declared it a dwarf planet, a term referring to lesser, round solar system bodies orbiting the sun, mostly in an outer region called the Kuiper belt. 
 
3. Eris, discovered in 2005 and named for an ancient Greek goddess of strife and discord, is 27 percent more massive than Pluto, they found. Eris is about half the size of Earth's moon. Michael Brown and Emily Schaller of the California Institute of Technology used data collected from the Hubble Space Telescope and the Keck Observatory in Hawaii to determine for the first time that Eris had a greater mass than Pluto. 

4. Scientists previously had figured that Eris's diameter was bigger than Pluto's but did not know about mass. Both inhabit a remote and frigid region of the solar system. The new data indicated Eris likely is composed of ice and rock, very similar to Pluto. Eris, which has a small moon, has a diameter of 1,500 miles , just bigger than Pluto's 1,400 miles. Both are covered in an almost perfectly uniform white frost. 

5. Pluto and Eris both follow elliptical rather than circular orbits as they journey around the Sun. Eris's orbit is highly elongated and takes 560 years. It ventures anywhere from 3.5 billion miles to 10 billion miles from Earth, Brown said. Pluto, whose 250-year orbit on occasion brings it inside the orbit of the outermost planet Neptune, journeys as far as 5 billion miles from Earth. 

Art. 14 Asteroids

1. Several hundred thousand Asteroids have been discovered and given provisional designations so far. Thousands more are discovered each year. There are undoubtedly hundreds of thousands more that are too small to be seen from the Earth. There are 26 known asteroids larger than 200 km in diameter.  Census of the largest ones is now fairly complete: we probably know 99% of the asteroids larger than 100 km in diameter. Of those in the 10 to 100 km range. But we know very few of the smaller ones; there are probably considerably more than a million asteroids in the 1 km range. 

2. The largest asteroid by far is 1 Ceres. It is 933 km in diameter and contains about 25% of the mass of all the asteroids combined. The next largest are 2 Pallas, 4 Vesta and 10 Hygiea which are between 400 and 525 km in diameter. All other known asteroids are less than 340 km across. The total mass of all the asteroids is less than that of the Moon. 
3. Asteroids are also categorized by their position in the solar system: 
1. Main Belt: located between Mars and Jupiter roughly 2 - 4 AU from the Sun; further divided into subgroups: Hungarias, Floras, Phocaea, Koronis, Eos, Themis, Cybeles and Hildas (which are named after the main asteroid in the group). 
2. Near-Earth Asteroids (NEAs): ones that closely approach the Earth 
a. Atens: semimajor axes less than 1.0 AU and aphelion distances greater than 0.983 AU; 

b. Apollos: semimajor axes greater than 1.0 AU and perihelion distances less than 1.017 AU 

c. Amors: perihelion distances between 1.017 and 1.3 AU; 

3. Trojans: located near Jupiter's Lagrange points (60 degrees ahead and behind Jupiter in its orbit). Several hundred such asteroids are now known; it is estimated that there may be a thousand or more altogether. 

4. Out of more than 10 thousand numbered asteroids, only Vesta has consistently been a naked-eye object if the observer has extremely dark skies and the asteroid is moving in relatively star-poor regions of the sky. The motion of asteroids is similar to that of comets in that the position must be plotted on a star chart over two or three days for motion to be detected. 

5. Asteroids, or minor planets, have been described as "mountains in space." They are large rocks typically ranging from a few feet to several hundred miles across. The vast majority of asteroids move between the orbits of Mars and Jupiter in what is commonly called the "asteroid belt." They always appear starlike and their motion with respect to the stars is usually so slow that several hours may pass before any movement is noticed. 

6. Most asteroids within the asteroid belt never come closer than 100 million miles from Earth, but there are some asteroids which come close to and even cross Earth's orbit. (D) Asteroids can occasionally pass within a few million miles of Earth, and even within the orbit of the moon, and then exhibit a rapid motion that is discernable after only a few minutes. Asteroids within the asteroid belt can be observed every year, while the ones passing especially close to Earth may only be visible for a few weeks or months.
Art. 15 Comets

1. Comets are basically balls of ice and dust. The typical comet is less than 10 kilometers across. Most of their time is spent frozen solid in the outer reaches of our solar system. Comets are not on fire. As they near the sun, the sun's heat melts the comet's ices and releases dust particles which are most evident as the comet's tail. Comets rarely come within a few million miles of Earth and, thus, have a slow apparent motion across our sky. By the time a comet becomes bright enough to be seen from our planet, it is usually exhibiting a coma. Typical comets remain visible for periods of several weeks up to several months.

2. Comets are chunks of ice and dust that zoom around the Solar System in elongated orbits. These ‘dirty snowballs’ are the nucleii of the comets. Comet nuclei are thought to be cosmic ‘leftovers’, the condensed remains of the gas and dust cloud that formed the Solar System.  About 85 percent of the comets discovered so far by SOHO belong to the Kreutz group of ‘sungrazing’ comets, so named because their orbits take them very close to the Sun.  The Kreutz sungrazers come within 800 000 km of the Sun’s visible surface. In comparison, Mercury, the planet closest to the Sun, is about 57.6 million km from the solar surface. 

3. Periodic Comets are registered by Your Sky and Gary W. Kronk who writes a Catalogue of Periodic Comets. As of 1995, 878 comets were cataloged and their orbits at least roughly calculated. Of these 184 are periodic comets (orbital periods less than 200 years); some of the remainder are no doubt periodic as well, but their orbits have not been determined with sufficient accuracy to tell for sure. 

4. Comets are invisible except when they are near the Sun. When they are near the Sun and active, comets have several distinct parts: 

a. nucleus: relatively solid and stable, mostly ice and gas with a small amount of dust and other solids; 

b. coma: dense cloud of water, carbon dioxide and other neutral gases sublimed from the nucleus; 
c. hydrogen cloud: huge (millions of km in diameter) but very sparse envelope of neutral hydrogen; 
d. dust tail: up to 10 million km long composed of smoke-sized dust particles driven off the nucleus by escaping gases; this is the most prominent part of a comet to the unaided eye; 
e. ion tail: as much as several hundred million km long composed of plasma and laced with rays and streamers caused by interactions with the solar wind.

5. The black crust of the nucleus helps the comet absorb heat, which in turn causes some of the ices under the crust to turn to a gas. With pressure now building beneath the crust, the serene, but frozen landscape begins to bulge in places.  When warmed by the sun the weakest areas of the crust shatter from the pressure beneath, and the gas shoots outward like a geyser and is referred to by astronomers as a jet. Any dust that had been mixed in with the gas is thrown out as well. As more and more jets appear, a tenuous gas and dust shell forms around the nucleus and this is called the coma.  

6. Comets can typically display a coma several thousand kilometers in diameter, with the size being dependent on the comet's distance from the sun and the size of the nucleus. The latter is important because since jets generally spring up on the side of the nucleus facing the sun (that side gets warmest), and since large nuclei have a greater surface area facing the sun, then there is the potential for larger numbers of jets and greater amounts of gas and dust feeding the coma. Even though the coma can become quite large, its size can actually decrease about the time it crosses the orbit of Mars. At this distance the particles streaming out from the sun provide enough force so as to act as a wind and will literally blow the gas and dust particles away from the nucleus and coma. This disruption is the process responsible for a comet's tail, the most spectacular feature of a comet. A large comet that moves well inside the orbit of Earth, has the potential for a long tail 

7. Two new Comets were discovered in May 2004 and Comet Wild 2 was filmed from within 147 miles in June 2004.  In 2005 Deep Impact Mission blasted off on 12 January 2005 to impact with Comet 9P Temple 1 on 4 July 2005.  As of 6 July 2005, 990 comets have been discovered using the ESA/NASA Solar and Heliospheric Observatory (SOHO) spacecraft, which is expected to discover its 1000th comet this summer. The SOHO spacecraft, a joint effort between NASA and the European Space Agency, has been so prolific that it has accounted for almost half of all comet discoveries for which orbits have been computed in the history of astronomy. Before SOHO was launched, only 16 ‘sungrazing’ comets had been discovered by space observatories. Based on that experience, who could have predicted that SOHO would discover more than sixty times that number, and in only nine years?  

8. SOHO has also been used to discover three other well-populated comet groups: the Meyer (at least 55 members), Marsden (at least 21 members), and Kracht (24 members) groups. Comet groups are named after the astronomer who determined that they are related because they have similar orbits.  Many SOHO comet discoveries have been by amateurs using SOHO images on the internet. SOHO comet hunters come from all over the world; the United States, United Kingdom, China, Japan, Taiwan, Russia, Ukraine, France, Germany and Lithuania are among the many countries whose citizens have used SOHO to chase comets. 

9. Almost all SOHO's comets are discovered using images from its Large Angle and Spectrometric Coronagraph (LASCO) instrument. LASCO is used to observe the faint, multimillion-degree outer atmosphere of the Sun, called the corona. A disk in the instrument is used to make an artificial eclipse, blocking direct light from the Sun so the much fainter corona can be seen. Sungrazing comets are discovered when they enter LASCO's field of view as they pass close by the Sun. SOHO successfully completed its primary mission in April 1998, and it has enough fuel to remain on station and keep hunting comets for decades, assuming the LASCO instrument continues to function.
10. On the average we get a naked-eye comet once every five or six years and this includes comets that become barely visible to the naked eye. Classic comets with long tails only appear about once every 10-12 years.  Comets are unpredictable. Comets can suddenly brighten or fade from view in a matter of hours. They can lose their tail or develop multiple tails. Sometimes they can even split into two or more pieces, so that, through a telescope, several comets can be seen moving together across the sky. 

Art. VI Missions to Comets

Art. 16 Deep Impact Mission 

1. The Deep Impact mission was first proposed in 1999 and is named after the movie.  The Newsletter of the Deep Impact Mission of July 2005 Issue 24 reports on the initial results of the Impact with Comet 9/P Tempel 1 on US Independence Day 4 July 2005.   

2. The mission 9P/Tempel 1 was granted $330 million for the research and development and was launched on 2005 January 12. Deep Impact will release the "Impactor" on 2005 July 3 and that crashed into the comet on July 4, US Independence Day which is celebrated by the local government with a firework’s display.  

3. The Deep Impact spacecraft is designed to launch a copper projectile into the surface of comet Tempel 1 on July 4, 2005, when the comet is 133.6 million kilometers (83 million miles) from Earth. 

4. The 1-by-1 meter projectile (39-by-39 inches) weighing 370-kg (~820-lbs) mass creates a crater that could be as large as a football field. Deep Impact's "flyby" spacecraft will collect pictures and data of the event. 

5. Data was sent back to Earth through the antennas of the Deep Space Network. Nearly every major observatory on our planet observed the event. 

6. On 1 January 2005 Principal Investigator Dr. Michael A'Hearn was reported to have said, “the mission promises to greatly further our understanding of the composition of comets and of the materials and processes that led to the formation of the planets and other bodies in our solar system."

7. The projectile impacted with the comet on time for the Fourth of July as predicted in Comet 9P/A’Hearn: Comet 9P/Tempel 1 v Deep Impact Mission HA-1-1-5 with the International Court of Just-Ice for an advisory opinion of the Committee on the Peaceful Uses of Outer Space. Ultimately the renaming Comet 9P/Tempel 1 to Comet 9P/A’Hearn is for the scientific community of Gary W. Kronk who compiles the nicest Internet Cometography and might be interested in the business of naming Comets after the person who tells the best tale.    

Art. 17 Rosetta

1. Rosetta is the European mission to land softly on a comet. The main objective is to rendezvous with Comet 67P/Churyumov-Gerasimenko. It will study the nucleus of the comet and its environment in great detail for a period of nearly two years, and land a probe on its surface.  Rosetta will be the first mission ever to orbit and land on a comet. The International Rosetta Mission was approved in November 1993 by ESA's Science Programme Committee as the Planetary Cornerstone Mission in ESA's long-term space science programme. The mission goal was initially set for a rendezvous with comet 46 P/Wirtanen. After postponement of the initial launch a new target was set: Comet 67 P/Churyumov- Gerasimenko. On its 10 year journey to the comet, the spacecraft will hopefully pass by at least one asteroid.
2. The Rosetta Stone was discovered in 1799 by a French soldier in Napoleon's army near the town of Rashid on the Nile. It proved the key to finally deciphering Egyptian hieroglyphics - the same text in Greek was next to them on the stone. The Rosetta mission may be the key that unlocks the secrets of how life began on Earth.  

3. Rosetta will be the first space mission to journey beyond the main asteroid belt and rely solely on solar cells for power generation, rather than the traditional radio-isotope thermal generators. The new solar-cell technology used on the orbiter's two giant solar panels allows it to operate over 800 million kilometres from the Sun, where sunlight levels are only 4% of those on Earth. Hundreds of thousands of specially developed non-reflective silicon cells generate up to 8700 Watts in the inner Solar System and around 400 Watts for the deep-space comet encounter 

4. Rosetta has a complex trajectory including three Earth and one Mars gravity assist manoeuvre before finally reaching the comet. On arrival at 67P Rosetta will enter orbit around the comet and stay with it as it journeys in towards the Sun.  The purpose of the mission is to study the origin of comets, the relationship between cometary and interstellar material and its implications with regard to the origin of the Solar System. The measurements to be made to achieve this are: 

a. Global characterisation of the nucleus, determination of dynamic properties, surface morphology and composition; 

b. Determination of the chemical, mineralogical and isotopic compositions of volatiles and refractories in a cometary nucleus; 

c. Determination of the physical properties and interrelation of volatiles and refractories in a cometary nucleus; 

d. Study of the development of cometary activity and the processes in the surface layer of the nucleus and the inner coma (dust/gas interaction); 

e. Global characterisation of asteroids, including determination of dynamic properties, surface morphology and composition.

5. The European Space Agency's Rosetta probe swooped around the back of Mars early on Sunday, completing a key maneuver in its 10-year mission to meet a distant comet. The pioneering space probe performed its "swing-by" of the red planet early on Sunday, performing the second of four so-called "gravitational assisted maneuvers" that the craft will complete before reaching its ambitious target in 2014. The three-ton probe successfully orbited Mars close to the controllers' planned trajectory and at one point came within just 250 km (155 miles) of the planet's surface. 

"We are all very happy," said Andrea Accomazzo, Rosetta spacecraft operations manager as employees in the Darmstadt control room applauded the maneuver. 

6. Rosetta will ultimately catch and follow the comet 67P/Churyumov-Gerasimenko in one of the most ambitious projects to date for the European space project. Controllers had been concerned the probe might face difficulties as it passed through the Martian shadow, losing the solar power source of its instruments and leaving it reliant on a brace of tiny batteries.  But after a 20-minute lull, the probe emerged from the other side of Mars at around 0230 GMT. In order to reach the distant comet, the one-billion-euro ($1.3 billion) probe must first pick up speed and achieve the right trajectory, accelerated and assisted by the four swing-bys which use the gravitational pull of planets as a propellant. The first such maneuver was performed around Earth in 2005, just over a year after the probe was launched from French Guiana on an Ariane 5 rocket. After the Mars maneuver, two further trips around Earth, planned for 2007 and 2009, will serve to accelerate the probe until it reaches its final destination.

 

Art. VII Space Programs

Art. 18 United Nations Office for Outer Space Affairs 
1. The United Nations Office for Outer Space Affairs (UNOOSA) is responsible for promoting international cooperation in the peaceful uses of outer space. The Office serves as the secretariat for the General Assembly's only committee dealing exclusively with international cooperation in the peaceful uses of outer space. 

2. The Committee on the Peaceful Uses of Outer Space (UNCOPUOS) was set up by the General Assembly in 1959 (resolution 1472 (XIV)) to review the scope of international cooperation in peaceful uses of outer space, to devise programmes in this field to be undertaken under United Nations auspices, to encourage continued research and the dissemination of information on outer space matters, and to study legal problems arising from the exploration of outer space and ensure the nonproliferation of arms and military technology in Outer Space.  

3. The Scope of the Conference is well summarized in The Space Millennium: Vienna Declaration on Space and Human Development Resolution Adopted by the Third UN Conference on the Exploration of and Peaceful Uses of Outer Space 30 July 1999.  

4. The Committee has two subcommittees: the Scientific and Technical Subcommittee and the Legal Subcommittee. 
5. The United Nations Programme on Space Applications (PSA) is implemented by UNOOSA and works to improve the use of space science and technology for the economic and social development of all nations, in particular developing countries.  The Office conducts training courses, workshops, seminars and other activities on applications and capacity building in subjects such as remote sensing, communications, satellite meteorology, search and rescue, basic space science, satellite navigation, and space law.  

6. UNOOSA maintains the Register of Objects Launched into Outer Space and disseminates information contained therein. An index of all functional space objects launched into outer space, including information contained in the Register, is available online.

Art. 19 NASA

Since its inception in 1958, the National Aeronautical and Space Agency (NASA) has accomplished many great scientific and technological feats in air and space. In 2005 NASA has a budget of $ 16,196.4 million. NASA technology also has been adapted for many nonaerospace uses by the private sector. NASA remains a leading force in scientific research and in stimulating public interest in aerospace exploration, as well as science and technology in general. Perhaps more importantly, our exploration of space has taught us to view Earth, ourselves, and the universe in a new way. While the tremendous technical and scientific accomplishments of NASA demonstrate vividly that humans can achieve previously inconceivable feats, we also are humbled by the realization that Earth is just a tiny "blue marble" in the cosmos.  
Art. 20 European Space Agency

The European Space Agency (ESA) is Europe’s gateway to space and was begun with the First Package Deal of 1971 that led to the birth of ESA in 1973. Its mission is to shape the development of Europe’s space capability and ensure that investment in space continues to deliver benefits to the citizens of Europe. ESA has 16 Member States. By coordinating the financial and intellectual resources of its members, it can undertake programmes and activities far beyond the scope of any single European country.  In February 2005 the total number of staff working for ESA numbered approximately 1907.ESA's budget for 2005 is €2977 million.

Part Laws of Outer Space Treaties

Part VIII Laws on Outer Space Territories

Art. 21 Human Rights

1. International cooperation in the exploration and use of outer space for peaceful purposes shall be conducted in accordance with the provisions of international law.. States are free to determine all aspects of their participation in international cooperation in the exploration and use of outer space on an equitable and mutually acceptable basis. Contractual terms in such cooperative ventures should be fair and reasonable and they should be in full compliance with the legitimate rights and interests of the parties concerned as, for example, with intellectual property rights. All States, particularly those with relevant space capabilities and with programmes for the exploration and use of outer space, should contribute to promoting and fostering international cooperation on an equitable and mutually acceptable basis. In this context, particular attention should be given to the benefit for and the interests of developing countries.
The five treaties and agreements are:
1. The Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies (the "Outer Space Treaty", adopted by the General Assembly in its resolution 2222 (XXI)), opened for signature on 27 January 1967, entered into force on 10 October 1967, 98 ratifications and 27 signatures (as of 1 January 2005);  
2. The Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects Launched into Outer Space (the "Rescue Agreement", adopted by the General Assembly in its resolution 2345 (XXII)), opened for signature on 22 April 1968, entered into force on 3 December 1968, 88 ratifications, 25 signatures, and 1 acceptance of rights and obligations (as of 1 January 2005);  
3. The Convention on International Liability for Damage Caused by Space Objects (the "Liability Convention", adopted by the General Assembly in its resolution 2777 (XXVI)), opened for signature on 29 March 1972, entered into force on 1 September 1972, 82 ratifications, 25 signatures, and 2 acceptances of rights and obligations (as of 1 January 2005);  
4. The Convention on Registration of Objects Launched into Outer Space (the "Registration Convention", adopted by the General Assembly in its resolution 3235 (XXIX)), opened for signature on 14 January 1975, entered into force on 15 September 1976, 45 ratifications, 4 signatures, and 2 acceptances of rights and obligations (as of 1 January 2005);  
5. The Agreement Governing the Activities of States on the Moon and Other Celestial Bodies (the "Moon Agreement", adopted by the General Assembly in its resolution 34/68), opened for signature on 18 December 1979, entered into force on 11 July 1984, 11 ratifications and 5 signatures (as of 1 January 2005). 

The seven declarations and legal principles are:
1. The Declaration of Legal Principles Governing the Activities of States in the Exploration and Uses of Outer Space (General Assembly resolution 1962 (XVIII) of 13 December 1963);  
2. The Principles Governing the Use by States of Artificial Earth Satellites for International Direct Television Broadcasting (resolution 37/92 of 10 December 1982); 
3. The Principles Relating to Remote Sensing of the Earth from Outer Space (resolution 41/65 of 3 December 1986);  
4. The Principles Relevant to the Use of Nuclear Power Sources in Outer Space (resolution 47/68 of 14 December 1992);  
5. The Declaration on International Cooperation in the Exploration and Use of Outer Space for the Benefit and in the Interest of All States, Taking into Particular Account the Needs of Developing Countries (resolution 51/122 of 13 December 1996). 

6. The Space Millennium: Vienna Declaration on Space and Human Development Resolution Adopted by the Third UN Conference on the Exploration of and Peaceful Uses of Outer Space 30 July 1999 reaffirmed the common interest of all humanity in the progress of the exploration and use of outer space for peaceful purposes, and convinced of the need to prevent an arms race in outer space as an essential condition for the promotion of international cooperation.  

7. Prevention of an Arms Race in Outer Space of the UN General Assembly on 6 January 2006 recognized the common interest of all mankind in the exploration and use of outer space for peaceful purposes and reaffirms the will of all States that the exploration and use of outer space, including the Moon and other celestial bodies, shall be for peaceful purposes and shall be carried out for the benefit and in the interest of all countries, irrespective of their degree of economic or scientific development.   

Art. 22 Laws of Physics
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1. The law of universal gravitation is the supreme law of comets and meteors whereby any two bodies in the universe are attracted to each other with a force that is proportional to the product of the masses of the two bodies and inversely proportional to the square of the distance between them.    
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F is the magnitude of the gravitational force between the two point masses 

G is the gravitational constant 

m1 is the mass of the first point mass 

m2 is the mass of the second point mass 

r is the distance between the two point masses 

Assuming SI units, F is measured in newtons (N), m1 and m2 in kilograms (kg), r in metres (m), and the constant G is approximately equal to,
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2. Newton’s three laws of motion 

First, A body at rest or in a state of uniform motion tends to stay at rest of in uniform motion unless an outside force acts upon it.  Also known as the law of inertia.

Second, the acceleration of an object is equal to the force applied to it divided by its mass.  In mathematical terms Newton’s second law can be written as the differential equation to find for d - acceleration,
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where:
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 is force 
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 is mass 
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 is velocity 
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 is time 

Third, for every action there is an equal and opposite reaction. 

3. The laws of thermodynamics are important to comets and meteors, 

Zeroth, If two thermodynamic systems are in thermal equilibrium with a third, they are also in thermal equilibrium with each other.
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First (Conservation) states that energy is always conserved, it cannot be created or destroyed.
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Second (Entropy) in all energy exchanges, if no energy enters or leaves the system, the potential energy of the state will always be less than that of the initial state.
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Third (Absolute Zero) if all the thermal motion of molecules (kinetic energy) could be removed, a state called absolute zero would occur. Absolute zero results in a temperature of 0 Kelvins or -273.15° Celsius
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Aside from the established four basic laws of thermodynamics described above, there is also the combined law of thermodynamics. The combined law of thermodynamics is essentially the 1st and 2nd law subsumed into a single concise mathematical statement as shown below:
 [image: image14.png]dE —TdS + pdV < (




Here, E is energy, T is temperature, S is entropy, p is pressure, and V is volume.
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