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CLASS: 
2ABC
2DEF
2GHI
X
Y
Z

TEACHER:
MRS HARGREAVES/ MRS MCKELVEY

This is your third and last S2 Physics Unit and for this unit we hope to explore the universe. We know that some of you have a keen interest in Space and so we do not wish you to go over material that you have already covered. Some of you may have forgotten about things that you knew at primary school so we are going to give you a little quiz to find out what you know. Do not feel worried if you cannot do any of the questions, either take a guess or miss it out. 

You will notice that each question has a space to answer it twice. Do not worry about this at the moment.  Only fill in one box for each question.

If you need more space use lined paper, staple it to the back but clearly label the question number and put your name on it.

[image: image12.wmf]If you are particularly interested in a question please place a tick in the “Interest?” column next to the question. If you dislike a question put a cross in the “Interest?” column next to the question. If you have no strong feelings one way or the other, please leave the column blank.

Earth And Space Quiz

LEVEL A 

	http://www.bbc.co.uk/science/space/myspace/yourgallery/index.shtml


	Label the pictures A to 
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	A=MOON
	B=MOON PHASE/ LUNAR ECLIPSE
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	C= LUNAR ECILPSE
	D=SUN
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	E=COMET (Ikeya-Zhang)
	F= SPIRAL GALAXY (M51)


1. A constellation is a group of stars that make a pattern. Ancient astronomers named patterns after people, goods and animals.

http://www.bbc.co.uk/science/space/playspace/games/constellations/constellations.shtml

Label the following constellations 
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	A=THE PLOUGH
	B=CASSIOPEA
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	C=ORION
	D=PEGASUS
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	E=URSA MINOR
	F=URSA MAJOR 

	E= SMALL BEAR
	F=BIG BEAR (INCL. PLOUGH)


2. Which letter represents the correct reason why we have day and night? (see notes also Brainpop )
a) The Sun goes behind a hill

b) The Earth spins in front of the Sun

c) The Earth goes around the Sun once a day

d) The Sun goes around the Earth once a day

e) The Moon covers the Sun

f) Clouds cover the Sun

g) Other (give a reason)________________________

Correct answer is ___B_____     Correct answer is ________ 

3. Which letter gives the correct reason for the Seasons?

http://www.brainpop.com/science/weatherandclimate/seasons/experiment/

a) Changes in the plants and trees cause the seasons

b) The Sun moves to the other side of the Earth

c) The Sun is further away

d) Heavy winter clouds stop heat from the Sun

e) A cold planet takes heat from the Sun

f) The angle of the Earth as it rotates.

g) Other (give a reason) ________________________

Correct answer is ______F__     Correct answer is ________ 

4. Below is a diagram of the Earth, mark the position of the Sun with a X, and label which half of the Earth has DAYTIME and which has NIGHTIME.

[image: image18.jpg]



Night                Day

[image: image19.wmf]
5. This diagram shows the position of the sun in the sky at different times and seasons. 

[image: image20.jpg]


Complete this table entering the correct number to match the time of year and time of day.

	Time of day
	Time of year
	1st Answer
	2nd Answer

	Dawn
	Summer
	1
	

	Dusk
	Winter
	7
	

	Midday
	Winter
	5
	

	Midday
	Summer
	4
	


LEVEL B

6. From the pictures shown below label the seasons.
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	A:WINTER
	B:AUTUMN

	A:
	B:
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	C: SUMMER
	D:SPRING

	C:
	D:


http://www.brainpop.com/science/weatherandclimate/seasons/experiment/
The Cosmos DVD

7. Label the phases of the moon in the table below.

http://www.solarsystem.org.uk/planet10/planet10.html

	Moon Phase
	New

Moon
	Waxing

Crescent
	First

Quarter 
	Waxing

gibbous 
	Full

Moon
	Waning

gibbous 
	Last

Quarter
	Waning

Crescent

	Label


	A
	B
	C
	D
	E
	F
	G
	H


	Phase of Moon
	Answer

1
	Answer 2
	Phase of Moon
	Answer 1
	Answer 2
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	H
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	F
	

	[image: image27.wmf] 



	A
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	B
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	D
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	C
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	E
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	G
	


8. Decide whether the following statements are true or false. Write T for True or F for False in the first box.

	STATEMENT
	T/F

	The Sun is the largest planet in our Solar System
	F

	The Earth turns once every 365 days
	F

	An eclipse of the Sun is caused when the moon passes directly between the Earth and the Sun 
	T

	The tilt of the Earth’s axis causes the four seasons
	T

	When it is Winter in Britain it is Summer in Australia
	T

	When it is day in the Northern Hemisphere it is night in the Southern Hemisphere
	F

	Shadows in the winter are longer than shadows in Summer at the same time of day.
	T

	The days are always short and cold at the North Pole
	F

	The Moon shines with Sun’s reflected light
	T

	The Moon can often be seen in the daytime
	T


	Month
	Answer 1
	Answer 2

	January
	E
	

	February
	B
	

	May
	D
	

	August
	C
	

	November
	A
	


9. Look at the information in the table below. Match the information to the month of the year.

	Month
	Air Temperature

oC
	Rainfall

mm
	Windspeed

m/s

	A
	4.9
	163
	1.6

	B
	3.0
	72
	2.0

	C
	13.1
	74
	1.4

	D
	11.3
	36
	1.4

	E
	2.3
	49
	1.8


LEVEL C + E

10. Label the diagram below, make it as detailed as you can. http://www.bbc.co.uk/science/space/playspace/games/jigsaw/jigsaw.shtml

a) Is this an accurate diagram? Explain your answer.

[image: image8.wmf]
My 
Very 

Easy 

Method 
Just 

Speeds 

Up 

Naming 

Planets

 Mercury Venus Earth Mars Asteroid Belt Jupiter Saturn Uranus Neptune Pluto (for moons see separate question)

LEVEL C

11. The Earth is the only planet in our solar system where water is found as a liquid. Some planets contain ice and some have no water at all, can you suggest a reason for this?

	Answer 1 Distance from sun just right, angle of tilt and atmosphere which protects us from extremes (use build a planet from  http://www.solarsystem.org.uk/planet10/planet10.html

	Get the pupils to “Build their own Planet!”

	


12. Match the description with the term. Place them in order with the smallest as Number 1

	Universe
	
	1
	Natural satellite that orbits a planet.

	Sun
	
	2
	A basic building block of the universe that includes stars, star clusters, clouds of gas, dust and interstellar molecules.

	Star
	
	3
	Very hot sphere of glowing gas which vary in size

	Planet
	
	4
	The main component of a solar system

	Moon
	
	5
	Sum total of everything that exists.

	Galaxy
	
	6
	Is one or more suns surrounded by orbiting planets

	Solar System
	
	7
	A relatively large body rotating in an elliptical orbit around the sun.


	Name
	Description number round 1
	Size (smallest No. 1)

	Universe
	5
	7

	Sun
	4
	3

	Star
	3
	3

	Planet
	7
	2

	Moon
	1
	1

	Galaxy
	2
	6

	Solar System
	6
	5


LEVEL D

13. What would be the effect on the motion of the Earth if the Sun suddenly vanished?

	Answer 1 We would move off in a more straight path travelling into the great unknown! No longer take the elliptical path


14. What evidence is there to show we are moving around the Sun and not the Sun moving around the Earth?

	Answer 1 Combined motion of the Sun and the other stars.


15. Match the meaning with the term.

	Mass
	
	1
	Condition felt whilst in free-fall.

	Weight
	
	2
	A measure of the amount of matter in an object measured in kilograms

	Gravitational Strength
	
	3
	The force of gravity pulling an object  towards the centre of the Earth measured in Newtons

	Weightlessness
	
	4
	When you are accelerating to Earth at the acceleration due to gravity

	Free-fall
	
	5
	The size of the force of gravity on 1 kg.


	Name
	Description number round 1

	Mass
	2

	Weight
	3

	Gravitational Pull
	5

	Weightlessness
	1

	Free-fall
	4


LEVEL E

16. Using your knowledge of the Earth, Sun, and moon explain:

a) day and night

	Answer 1 The Earth rotates once every 24 hours on its axis and so is sometimes pointing to the sun and sometimes away


b) which way the Earth must be rotating for us in Scotland

	Answer 1 Anticlockwise, the Sun rises in the East and sets in the west


c) a month

	Answer 1 A month is roughly the time it takes for the Moon to orbit the Earth. This takes about 27 days but due to the spin of the Earth the time for it to return to the same position in relation to the earht’s surface is approx 29 days


d) a year

	Answer 1 The time it takes the earth to make one orbit of the Sun


e) a leap year

	Answer 1 The Earth takes 365.24 days to travel round the Sun, you can’t have ¼ days as day and night wouldn’t fall at the right time so to make up for this every 4th year (except on a millennium???) one extra day is added to avoid us having Summer in March


17. Match the size of the gravitational pull with the planets.

	Planet
	Size of the Gravitational Pull (N/kg) round 1

	Jupiter
	26.4

	Saturn
	11.5

	Earth
	9.8

	Mars
	3.8

	Moon (Lunar)
	1.6


18. Give an approximate year for the following events

http://news.bbc.co.uk/onthisday/hi/dates/stories
	
	Year (1)
	Year (2)

	the first spaceflight
	1957
	4th Oct (Sputnik 1)  

3rd Nov (Laika)

	the first person in space
	1961
	12th April

	the first animal in space
	1957
	3rd Nov

	the first woman in space
	1963
	16th June

	the first person to land on the moon
	1969
	20th July

	the first Britain in space
	1991
	18th May

	the launch of the Hubble telescope
	1990
	

	the first Space Shuttle launch
	1981
	12th April

	the Challenger disaster
	1986
	28th January


19. Answer the following questions.

a) What was the first living animal to go into space?

	First Answer

	Laika the dog, never made it back but starved to death (not confident about returning!)

Next animal was an US monkey and that did return safely

The dog Laika, the first living creature to orbit the Earth, did not live nearly as long as Soviet officials led the world to believe. 

The animal, launched on a one-way trip on board Sputnik 2 in November 1957, was said to have died painlessly in orbit about a week after blast-off. 

Now, it has been revealed she died from overheating and panic just a few hours after the mission started. 

The new evidence was presented at the recent World Space Congress in Houston, Texas, US, by Dimitri Malashenkov of the Institute for Biological Problems in Moscow. 

Noted space historian Sven Grahn told BBC News Online that the new information was surprising and significant as it ended more than 40 years of speculation about Laika's fate. 

Laika's mission on board Sputnik 2 stunned the world. Sputnik 1, the world's first satellite, had been launched less than one month before. 

Laika had been a stray

It was a metal sphere weighing about 18 kg (40 lbs) and was far heavier than anything the United States was contemplating launching. 

An astonished world witnessed the launch of Sputnik 2 weighing 113 kg (250 lbs) and carrying the first living thing to go into orbit - the dog Laika. 

The animal had been a stray wandering the streets of Moscow when she was captured and prepared for a space mission. 

Shortly after launch the Soviets said that Laika was not destined to return alive and would die in space. The statement caused outrage to many observers. 

Dr Malashenkov has now revealed several new details about Laika's mission, such as her food being in jelly form and that she was chained to prevent her turning around. 

There was a carbon dioxide absorbing device in the cabin to prevent the accumulation of this toxic gas, as well as an oxygen generator. 

A fan was automatically activated to keep the dog cool when the capsule's temperature exceeded 15 deg Celsius. 

According to Dr Malashenkov, a great deal of work had to be done to adapt a group of dogs to the conditions in the tight cabin of Sputnik 2. They were kept in gradually smaller cages for periods up to 15-20 days. 

Three dogs were trained for the Sputnik 2 flight: Albina, Laika and Mushka. Albina was the first "backup", having flown twice on a high-altitude rocket. Mushka was used to test instrumentation and life support. 

Medical sensors placed on Laika indicated that during launch her pulse rate went up by a factor of three above its resting level. 

At the start of weightlessness, her pulse rate decreased. It took three times longer than after a centrifuge ride on the ground to return Laika's heartbeat to pre-launch values, an indication of the stress she was suffering. 

Dr Malashenkov also revealed how Laika died. Telemetry from the Sputnik 2 capsule showed that the temperature and humidity increased after the start of the mission. 

After five to seven hours into the flight, no lifesigns were being received from Laika. By the fourth orbit it was apparent that Laika had died from overheating and stress. 

Previously, it has been thought that Laika survived at least four days in space and perhaps even a week when Sputnik's transmitters failed. 

Despite surviving for just a few hours, Laika's place in space history is assured and the information she provided proved that a living organism could tolerate a long time in weightlessness and paved the way for humans in space. 

Laika's "coffin" circled the Earth 2,570 times and burned up in the Earth's atmosphere on 4 April 1958.  From http://news.bbc.co.uk/onthisday/hi/dates/stories/november/3/newsid_3191000/3191083.stm


b) What happened to the above animal?

	First Answer (see above!)

	Laika the dog, never made it back but starved to death (not confident about returning!)


c) Who was the first man in space?

	First Answer

	Cosmonaut Major Yuri Alexeyevich Gagarin orbited the earth for nearly two hours on 12 April 1961., a USSAn test pilot, died in a plane crash soon after returning from space


d) What is the difference between a cosmonaut and an astronaut?

	First Answer

	a cosmonaut is USSAn and an astronaut USAn?


e) Who first stepped foot on the moon?

	First Answer

	American Neil Armstrong on July 20th 1969


f) What famous words did he speak when he touched down?

	First Answer

	One small step for man one giant leap for mankind


g) Who was the first Britain in Space?

	First Answer

	Helen Sharman in 1991


h) Who was the first woman in space?

	First Answer

	Valentina Tereshkova


20. Give a meaning to each of the terms below 

see notes below for details

a) Comet

b) Meteorites

c) Meteors

d) Asteroids

e) Black holes

LEVEL F see notes below for details
21. What do you know about any of the following? 

a) The Doppler Effect

b) Red shift

c) A singularity

d) The Big Bang theory

e) The expanding or shrinking universe

22. Match the moons to the planets

http://www.bbc.co.uk/science/space/playspace/games/jigsaw/jigsaw.shtml

	Moons
	Planet

	
	Earth
	Mars
	Jupiter
	Saturn
	Neptune
	Uranus
	Pluto

	
	Moon
	Phobos, 
	Europa
	Titan
	Triton
	Umbriel
	Charon

	
	
	Deimos
	Io
	Mimas
	
	Titania
	

	
	
	
	Ganymede
	Dione
	
	Oberon
	

	
	
	
	Callisto
	Enceladus
	
	Miranda
	

	
	
	
	
	Iapetus
	
	Ariel
	


23. The following are probes and satellites sent out by humans. Can you give any details about where they were sent, when they were launched and their role.

	Satellite/Probe
	Knowledge 1

	Cassini/ Huygens


	Left in 1997 for its seven year mission to Saturn.The latest probe which touched down on Saturn’s moon titan Christmas 2004

http://www.bnsc.gov.uk/learningzone.aspx?nid=4832

	Hubble telescope


	Launched in 1990 the Hubble telescope is 600km above the earths surface and is pointing out into deep space. It photographed the eagle Nebula in 1995

	Galileo


	The Galileo probe has been orbiting Jupiter and its moons since 1995

	Giotto probe


	The Giotto probe was 596km from the Sun when it photographed the periodic Halley’s comet in 1986

	Voyager


	Launched in 1977 Voyager 1 passed Jupiter in 1979 and took 19000 photographs.  Voyager 2 photographed Neptunes great dark spot in 1989. It is the size of the Earth and is probably a great storm. Voyager 2 has since passed beyond Pluto and is still measuring interplanetary space

	Mars Global Surveyor


	Launched in March 1998 the Mars global surveyor will track the surface of mars until 2003


Comets

Small Solar System body, consisting of frozen volatiles and dust. Comets are believed to be icy planetesimals remaining from the time of the Solar System’s formation 4.6 billion years ago. The word ‘comet’ derives from the Greek kometes, a longhaired star, which aptly describes brighter examples.

[image: image33.wmf] 


The main, central body of a comet is the NUCLEUS, typically only a few kilometres in diameter. The nucleus of Comet 1 P/HALLEY has dimensions of about 15 x 8 km (9 x 5 mi), but most comet nuclei are smaller. At large distances from the Sun, a cometary nucleus is inactive, and indistinguishable from an ASTEROID. Comet nuclei are thought to have a dark outer crust, which, when heated by solar radiation, particularly at distances substantially less than that of Jupiter (5 AU) from the Sun, can crack to expose fresh volatile material below. Sublimation of frozen gases leads to development of a temporary atmosphere, or COMA, surrounding the nucleus. New comets, or known PERIODIC COMETS returning to PERIHELION, are usually found at this stage, as fluorescence in the coma causes them to brighten and appear as a teardrop-shaped fuzzy spot. As a comet approaches the Sun more closely, a TAIL or tails may form. Brighter comets often show a straight ion tail (type I) and a curved dust tail (type II). Enveloped in the coma, the nucleus is not directly visible to Earth-based telescopes, but a bright spot may mark its position, and jets of material can be seen emerging from it in the brightest and most active comets. The occurrence of such features indicates that much of the gas emission from a comet comes from persistent active regions, which may cover 15—20% of the nucleus. As the nucleus rotates, active regions are alternately ‘turned on’ by solar heating or abruptly shut down as they are carried into shadow. Such behaviour led to the distinctive spiral structure in the coma of C/1995 01 HALE—BOPP. Intermittent gas and dust emission can produce other features, including hoods and shells in the coma.


The whole comet may be enveloped in a vast tenuous cloud of hydrogen, detectable at ultraviolet wavelengths from spacecraft. Gas jets emerging from the nucleus carry away dust particles, which depart on parabolic trajectories to form a curved dust tail. Dust tails appear yellowish, the colour of reflected sunlight as confirmed by spectroscopy. The dust particles appear to be silicate grains, some 10 micrometres in size. Bigger flakes of dusty material, perhaps a few millimetres in size, are also carried away; in large numbers, these METEOROIDS can end up pursuing a common orbit around the Sun as a METEOR STREAM. Comets’ tails point away from the Sun. Under certain circumstances, however, thin sheets of ejected dusty material may appear to point towards the Sun from the coma forming an ANTITAIL, as a result of perspective.


Gas emerging from the nucleus is rapidly ionised by solar ultraviolet radiation. Positively charged ions are picked up by the interplanetary magnetic field in the SOLAR WIND and dragged away from the coma to form an ion tail (also commonly described as a plasma tail). In contrast with the dust tail, a comet’s ion tail appears relatively straight and may show a marked bluish colour which results from emissions at 420 nm wavelength, characteristic of carbon monoxide (CO) excitation. The ion tail can exhibit knots and twists resulting from changes in the interplanetary magnetic field in the comet’s vicinity. Reversals of the field’s polarity can result in complete shearing of the ion tail — a DISCONNECTION EVENT — after which a new, differently oriented ion tail may develop.


Comas and ion tails show emission spectra characteristic of a number of molecular species comprising combinations of hydrogen, carbon, nitrogen, oxygen and sulphur such as water (H20), carbon monoxide (CO), carbon dioxide (C02) and radicals such as cyanogen (CN) and hydroxyl (OH). Methane (CH4) and ammonia (NH3) are certainly present but are difficult to detect. When a comet is very close to the Sun, metallic emissions (particularly from sodium) occur; observations of C/1995 Hale—Bopp in 1997 revealed the presence of a third, distinct sodium tail.


Although comets can be ejected from the Solar System never to return, on hyperbolic trajectories following planetary encounters, none has yet been shown to enter from interplanetary space: the comets that we observe are gravitationally bound to the Sun. A vast reservoir of cometary nuclei, the OORT CLOUD, surrounds the Solar System to a distance of 100,000 AU. Perturbations by passing stars or giant molecular clouds in the course of the Sun’s orbit around the Galaxy can cause Oort cloud nuclei to fall inwards. There is strong evidence that such nuclei accumulate in a flattened disk — the EDGEWORTH—KUIPER BELT — at a distance of up to 1000 AU. From this region, further perturbations may lead nuclei to plunge inwards to perihelion as new long-period comets. Close encounter with one of the planets, particularly Jupiter, can dramatically alter the comet’s orbit, changing some bodies from long to short-period comets.


The division between short- and long-period comets is set purely arbitrarily at an orbital duration (perihelion to perihelion) of 200 years. Most comets have narrow elliptical orbits, which may be either direct or retrograde: 1P/Halley, for example, has a 76-year retrograde orbit; Comet 2P/ENCKE has the shortest period, of 3.3 years. In total, some 150 short-period comets are known.


Comets lose material permanently at each perihelion passage and must eventually become defunct; the lifetimes of short-period comets are probably of the order of 10,000 years. The ultimate fate of a short-period comet appears to vary. Some disperse entirely into a diffuse cloud of dust and gas. Comet nuclei are fragile and may break into smaller fragments close to perihelion. Others, depleted of volatile material, may simply become inert, leaving a dark asteroid-like core with no tail activity.


The brightness of a comet is expressed as the equivalent stellar magnitude, as in the case of nebulae. Most comets show fadings and outbursts caused mainly by varying nuclear jet activity and solar effects. Predicting the apparent brightness of comets is notoriously difficult. It does appear that proximity to the Sun is a more significant factor than closeness to Earth. Comets are usually at their most active and, therefore, brightest just after perihelion.


Comets are normally named after those who discover them, up to a maximum of three names. In some cases - increasingly common early in the 21st century — comet discovery by automated telescopes or spacecraft is reflected in their names, examples including the many named after LINEAR or SOHO. Some, notably 1P/Halley, 2P/Encke and 27P/CROMMELIN, are named after the analyst who first determined their orbit. Short-periodic comets are identified by the prefix P/ and a number indicating the order in which their orbit was defined. Defunct comets have the prefix D/, while long-period comets are denoted by C/. In addition to a name, long-period comets are identified by the year and date order of their discovery. The year is divided into 26 fortnightly intervals for this purpose, starting with A and B for January, and so on. A comet designated C/2002 B2 would be the second discovery made in the latter fortnight of January 2002.


In most years, perhaps 25 comets become sufficiently bright to be observed with amateur telescopes. Spectacular naked-eye comets are rare and unpredictable: the brightest are usually new discoveries, making one of their first visits to the inner Solar System. The more predictable, short-period comets tend to be fainter, having already lost some of their volatile material. Among the brightest comets have been the KREUTZ SUNGRAZERS.


It has been speculated that the frequency of truly bright ‘great’ comets has been remarkably low in recent times compared with, say, the late 19th century. Statistically, however, the 20-year gap between G/1975 V1 WEST and C/1996 B2 HYAKUTAKE is not atypical. The next spectacular comet may appear at any time.

	Designation
	Name
	Period (years)
	Inclination (o)
	Associated meteor stream

	1P
	Halley
	76
	162.2
	Orionids, Eta Aquarids

	2P
	Enke
	3.3
	11.8
	Taurids

	3D
	Biela
	—
	6.6
	Andromedids

	4P
	Faye
	7.34
	9.1
	

	5D
	Brorsen
	—
	29.4
	

	6P
	D’Arrest
	6.51
	19.5
	

	7P
	Pons—Winnecke
	6.37
	22.3
	Pons-Winneckids

	8P
	Tuttle
	13. 1
	54.7
	Ursids

	9P
	Tempel-1
	5.51
	10.5
	

	10P
	Tempel-2
	5.47
	12
	

	21 P
	Giacobini—Zinner
	6.61
	31.9
	Giacobinids

	55P
	Tempel—Tuttle
	33.22
	162.5
	Leonids

	109P
	Swift—Tuttle
	135
	113.4
	Perseids

	C/1956 RI
	Arend-Roland
	hyperbolic
	119.9
	

	C/1965 S1
	Ikeya—Seki
	880
	141.9
	

	C/1969 Y1
	Bennett
	1680
	90
	

	C/1975 V1
	West
	500,000
	43.1
	

	C/1996 B2
	Hyakutake
	14,000
	124
	

	C/1995 O1
	Hale-Bopp
	2400
	89.4
	

	C/2002 C1
	lkeya—Zhang
	341
	28.1
	


Meteor

A brief streak of light seen in a clear night sky when a small particle of interplanetary dust, a METEOROID, burns itself out in Earth’s upper atmosphere. As the meteoroid collides with atoms and molecules of air, a large quantity of heat energy is produced, which usually vaporizes the particle completely by a process of ABLATION. Vaporized atoms from the ablating meteoroid make further collisions, causing first excitation, then ionisation as electrons are stripped from air atoms and molecules.

[image: image34.wmf] 


An ablating meteoroid thus leaves behind it a trail of highly excited atoms, which then de-excite to produce the streak of light seen as a meteor. Ionisation produces a trail of ions and electrons which can scatter or reflect radio waves transmitted from ground-based equipment, causing a radio meteor. The trail of ionisation is only a few metres wide, but may typically be 20—30 km (12—19 mi) long.


Most meteors appear at altitudes between 80—110 km (50—70 mi), where the air density becomes sufficiently high for ablation to occur. The altitude of this meteor layer varies slightly over the sunspot cycle, being greater at times of high solar activity. A typical meteor reaches its maximum brightness at an altitude of 95 km (59 mi). Usually, a visual meteor will persist for between 0.1 and 0.8 seconds. Brighter meteors sometimes leave a faintly glowing TRAIN or wake after extinction, and may show bursts of brightening (flares) along their paths.


Meteoroids enter the atmosphere at velocities between 11 and 72 km/s (7—45 mi/s). At the lower end of this range, the velocity is simply that of a particle in free fall hitting the Earth. The greatest value is obtained by summing the maximum heliocentric velocity of the meteoroid at a distance from the Sun of 1 AU (42 km/s or 26 mi/s) with Earth’s mean orbital velocity of 30 km/s (19 mi/s).


A typical naked-eye meteor around magnitude +2 is produced by ablation of a meteoroid 8 mm in diameter, and with a mass around 0.1 g. Over the whole Earth, 100 million meteors in the visual range down to magnitude +5 occur each day. 


Meteors can occur at any time, with the bulk of the annual influx of meteoroidal material (estimated at 16,000 tonnes) comprised of random, background SPORADIC METEORS. At certain times of year, numbers are enhanced by the activity of METEOR SHOWERS, which are produced as Earth passes through streams of debris laid down by short-period COMETS.

Meteorite

A natural object that survives its fall to Earth from space. It is named after the place where it was seen to fall or where it was found. About 30,000 meteorites are known, of which c.24,000 were found in Antarctica, c.4000 in the Sahara Desert and c.2000 elsewhere.


When an object enters the atmosphere, its velocity is greater than Earth’s escape velocity (11.2 km/s or 7 mi/s), and unless it is very small (see MICROMETEORITE) frictional heating produces a FIREBALL. This fireball may rival the Sun in brightness. For example, a brilliant fireball on 1890 June 25, at 1pm, was visible over a large area of the midwest of the United States; the CHONDRITE fall at Farmington, Kansas, was the result. If an object (a meteoroid) enters the atmosphere at a low angle, deceleration in the thin upper atmosphere may take tens of seconds. The fireball of 1969 April 25 travelled from south-east to northwest and was visible along its 500 km (310 mi) trajectory from much of England, Wales and Ireland. As commonly occurs, towards the end of its path the fireball fragmented. Sonic booms were heard after its passage, and two meteoritic stones were recovered, some 60 km (37 mi) apart, the larger at Bovedy, Northern Ireland, which gave its name to the fall. A meteorite that fell at Pultusk, Poland, in 1868, after fragmenting in the atmosphere, is estimated to have had a total weight of 2 tonnes among some 180,000 individual stones. Large meteoroids of more than c. 100 tonnes that do not break up in the atmosphere are not completely decelerated before impact. On striking the surface at hypersonic velocity, their kinetic energy is released, causing them to vaporize and produce explosion craters, such as METEOR CRATER.


Photographic observations of fireballs indicate that more than 19,000 meteorites heavier than 100 g land annually, but, of these, most fall in the oceans or deserts and fewer than 10 become known to science. Photographic observations and visual sightings of meteorite-producing fireballs show that they have orbits similar to those of EARTH-CROSSING ASTEROIDS. It is apparent that most meteorites come from the ASTEROID BELT, but a few come from the Moon (LUNAR METEORITES) or from Mars (MARTIAN METEORITES). Meteorites can be divided into three main types, according to their composition:

STONY METEORITES (CHONDRITES, ACHONDRITES);

STONY-IRON METEORITES (MESOSIDERITES, PALLASITES);

IRON METEORITES. 

There is not always a clear-cut distinction between types: for example, many iron meteorites contain silicate inclusions related to chondritic and achondritic meteorites.


Some 95% of the meteorites seen to fall are stony meteorites, being composed dominantly of stony minerals. Iron meteorites constitute the bulk of the remainder, while meteorites composed of equal-part mixtures of iron—nickel metal and stony material, known as stonyiron meteorites, are very rarely seen to fall. However, many more iron and stony-iron meteorites have been found than were observed to fall, which reflects their resistance to erosion and their distinctive appearance relative to terrestrial rocks, rather than a change in the composition of the meteorite flux with time. Since 1969 meteorites have been found in large numbers on the surface of the ice in parts of Antarctica. The small number of Antarctic iron meteorites relative to stony types is similar to the ratio in observed falls.


Although frictional heating during atmospheric flight causes the outside of a meteoroid to melt, the molten material is swept into the atmosphere as droplets. The bulk of the heat is removed with the melt, and the inside of the object stays cold. Only the melt during the last second of hypersonic flight solidifies on the object’s surface as it falls to Earth under gravity. The solidified melt is known as fusion crust. On most stony meteorites it is dull black, but on many achondrites it is a glossy black. Iron—nickel metal conducts heat more efficiently than stone, so some of the heat generated in atmospheric flight may penetrate to the interior of an iron meteorite. Stony meteorites, however, preserve a record of their history before their encounter with our planet. Meteorites often record shock or thermal events when they were part of their parent bodies. For example, many L-group ordinary chondrites were shock-reheated 500—1000 million years ago. Many chondrites preserve evidence of conditions in the Solar System of 4560 million years ago, and none has an age or isotopic signature consistent with an origin outside it. They provide important clues to the origin and history of the Solar System, as well as records of conditions in inter-planetary space.


Various ages of meteorites can be measured. The formation interval is the period between stellar processing and the incorporation of an element into a meteorite. Chemical elements heavier than hydrogen and helium are synthesized in stars, and many meteorites preserve a record of these processes. Chondrites often contain the decay products of short-lived radionuclides, such as plutonium, indicating that this element was present in the matter from which the Solar System formed. From the quantity of plutonium that must have been present relative to other elemental abundances, the plutonium must have been formed within about 200 million years of the formation of the Solar System.


Most meteorites or their components, such as CHONDRULES, went through a high-temperature event early in their history. The age of formation is the time, to the present, since a meteorite first cooled to become a closed chemical system. Uranium, for example, decays to lead at a fixed rate, and the uranium—lead age of a meteorite is the time that has elapsed since the uranium and lead were able to exchange freely, when the body was hot. The lead formed from the decay of uranium can be measured; the quantity is proportional to the uranium content, also measured, and to time, which usually is close to 4560 million years.


When an object is broken from its parent asteroid, it continues to orbit the Sun. Cosmic rays from the Sun, and beyond, bombard its surface. The exposure age is the time during which this bombardment takes place. Radiation damage can be measured in various ways, including the content of a substance produced in nuclear reactions, such as a radioactive isotope of aluminium. (The levels of radioactivity in meteorites are so low that specially prepared, ultra-sensitive counting equipment is required for their measurement.) Exposure ages range from a few hundred thousand years for some stony meteorites to 1000 million years for a few iron meteorites. These ages reflect the susceptibility of stony types to erosion by impact in space, compared with the durability of iron—nickel metal.


The terrestrial age is the time since a meteorite landed on Earth. The meteorite with the longest terrestrial age known is a chondrite within a 460-million-year-old Swedish Ordovician limestone. The second-longest terrestrial age may be that of an iron meteorite found in 300 million-year-old coal in Russia. Apart from these examples, most meteorites have much shorter terrestrial ages. Some meteorites from Antarctica have lain in the ice for up to a million years, but these are exceptional.

Meteoroid
Small natural body in orbit around the Sun. Meteoroids may be cometary or asteroidal in origin. The distinction between a large meteoroid and a small ASTEROID is rather vague; rocky bodies of, say, 10 m (30 ft) in diameter could fit into either category. Millimetre-sized dusty cometary meteoroids entering Earth’s atmosphere are completely destroyed by ABLATION, producing short-lived streaks of light seen in the night sky as METEORS. Cometary meteoroids have typical densities of 0.2 g/cm3.

Meteor Shower 

Enhancement of METEOR activity produced when Earth runs through a METEOR STREAM. About 25 readily recognisable meteor showers occur each year, the most prominent being the QUADRANTIDS, PERSEIDS and GEMINIDS. Meteor showers occur at the same time each year, reflecting Earth’s orbital position, and its intersection with the orbit of the particular meteor stream whose meteoroids are being swept up. Shower meteors appear to emerge from a single part of the sky, known as the RADIANT. Some showers are active only periodically as a result of uneven distribution of stream meteoroids, the GIACOBINIDS perhaps being the best example. The accompanying table lists some of the more important meteor showers; the zenithal hourly rate (ZHR) can vary, and values given here are intended only as a rough guide.

	Stream
	Maximum
	Normal limits
	 ZHR
	Parent Comet

	Quadrantids
	Jan 3—4
	Jan 1—6
	100
	96P/Macholz 1?

	Lyrids
	Apr 21—22
	   Apr 19-25
	15
	C/1861 G1 Thatcher

	Pi-Puppids
	Apr 23—24
	Apr 21—26
	40?
	26P/Grigg—Skjellerup

	Eta Aquarids
	May 5-6
	  Apr 24-May 20
	50
	1P/Halley

	Daytime Beta Taurids 
	Jun 29—30
	Jun 23—July 05
	20
	2P/Encke

	Alpha Capricornids
	Aug 2-3
	July 15-Aug 25
	8
	4SP/Honda-Mrkos Pajdusakova

	Delta Aquarids
	July 28—29
	July 15—Aug 20
	20
	96P/Macholz 1?

	Perseids
	Aug 11-12
	July 25-Aug 21
	90
	109P/Swift-Tuttle

	Giacobinids
	Oct 8—9
	Oct 7—10
	variable
	21 P/Giacobini-Zinner

	Orionids
	Oct 21-22
	Oct 16-30
	25
	1P/Halley

	Taurids
	Nov 4—5
	Oct 20—Nov 30
	10
	2P/Encke

	Leonids
	Nov 17—18
	Nov 15-20
	15
	55P/Tempel—Tuttle

	Geminids
	Dec 13—14
	Dec 7-15
	120
	Asteroid 3200 Phaethon

	Ursids
	Dec 21—22
	Dec 17—25
	10
	8P/Tuttle


Meteor Stream

Trail of debris, usually from a COMET, comprised of METEOROIDS that share a common orbit around the Sun. Passage of Earth through such a stream gives rise to a METEOR SHOWER. Meteor streams may also be associated with some asteroids — most notably 3200 PHAETHON, the debris from which produces the GEMINIDS.


Meteor streams undergo considerable evolution over their lifetimes, which are probably measured in tens of thousands of years. Initially, when the parent comet has only recently been captured into a short-period orbit, debris (released only at perihelion) is found relatively close to the comet NUCLEUS. Since the nucleus rotates, meteoroids are ejected both behind and ahead of the comet. Over successive returns, more material is added to the near-comet meteoroid cloud, which begins to spread around the orbit.


Eventually, over an interval of only a few tens of years for a very short-period comet, up to thousands of years for those with longer periods, meteoroids will spread right around the orbit, completing loop formation. Many meteor streams are believed to have a filamentary structure, with interwoven strands of meteoroids, released at separate perihelion returns of the parent comet, running through them.


Gravitational perturbations by the planets, and the POYNTING—ROBERTSON EFFECT, serve to increase the spread of material in a stream. Stream meteoroids come to perihelion at very similar orbital positions (since this is where they are released from the parent nucleus) but show considerable spread in aphelion distances: consequently, meteor streams are much narrower and more concentrated around the perihelion point.


As a stream ages further, and its parent comet ceases to add new material, it begins to disperse, eventually merging into the general background of the zodiacal dust cloud permeating the inner Solar System.

Main-belt Asteroid

One of the many ASTEROIDS that occupy the region of space between Mars and Jupiter. Most such bodies are dynamically stable, and they are believed to have remained in that part of the Solar System since their formation more than 4.5 billion years ago. The main-belt asteroids represent chunks of solid material,
 mostly rock and metal, which failed to form a major planet because of the effect of the gravitational perturbations of Jupiter. Their total remnant mass is small — only about 5% the mass of the Moon.

Asteroid (minor planet)

[image: image35.png]


Rocky, metallic body, smaller in size than the major planets, found throughout the Solar System. The majority of the known asteroids orbit the Sun in a band between Mars and Jupiter known as the MAIN BELT, but asteroids are also found elsewhere. There is a population known as NEAR-EARTH ASTEROIDS, which approach the orbit of our planet, making impacts possible. Other distinct asteroid classes include the TROJAN ASTEROIDS, which have the same orbital period as Jupiter but avoid close approaches to that planet. Farther out in the Solar System are two further categories of body that are at present classed as asteroids, although in physical nature they may have more in common with comets in that they seem to have largely icy compositions. These are the CENTAURS and the TRANS-NEPTUNIAN OBJECTS, members of the EDGEWORTH—KUIPER BELT.


Although it is likely that there might be larger bodies in the Edgeworth—Kuiper belt awaiting discovery the largest asteroid in the inner Solar System is (1) CERES, which is c.933 km (c.580 mi) in diameter. It was discovered in 1801. Through a telescope, asteroids generally appear as pinpricks of light, which led to the coining of the term ‘asteroid’, meaning ‘star-like’, by William HERSCHEL. Broadly spherical shapes are attained by asteroids if their self-gravity is sufficient to overcome the tensile strength of the materials of which they are composed, setting a lower limit for sphericity of about 200 km (120 mi); there are about 25 main-belt asteroids larger than this. All other asteroids are expected to be irregular in shape (see CASTALIA, DEIMOS, EROS, GASPRA, GEOGRAPHOS, GOLEVKA, IDA, KLEOPATRA, MATHILDE, PHOBOS, TOUTATIS, VESTA). Use of the HUBBLE SPACE

TELESCOPE, sophisticated techniques employing groundbased telescopes and the application of radar imaging have recently led to the ability to resolve the shapes of some asteroids. OCCULTATIONS also allow asteroid sizes and shapes to be determined observationally: on rare occasions when asteroids pass in front of brighter stars, observers on the ground may see a fading or disappearance of the star, the duration of which (usually a few seconds) defines a cord across the asteroid profile. For many asteroids, sizes have been calculated on the basis of a comparison of their brightness both in scattered visible light from the Sun and also in the thermal infrared radiation emitted, which balances the solar flux they absorb. Such measurements allow the ALBEDO to be derived. In most cases, however, sizes are estimated simply on the basis of the observed absolute magnitude and an assumed value for the albedo.


The lower limit on size at which a solid body might be considered to be an asteroid is a matter of contention. Before the application of photography, starting in the 1890s, asteroids were discovered visually. Long photographic exposures on wide-field instruments, such as astrographic cameras and Schmidt telescopes, led to many thousands of asteroids being detected thereafter. However, the limited sensitivity of photographic emulsions makes it impossible to detect asteroids smaller than a few hundred metres in size, even if they are in the vicinity of the Earth. In the late 1980s the introduction by the SPACEWATCH project of charge-coupled devices for asteroid searching made it feasible to detect objects only a handful of metres in size during passages through cis-lunar space. A convenient size at which to draw a line is 10 m (30ft): larger solid objects may be regarded as being asteroids, while smaller ones may be classed as METEOROIDS.


The total mass of all the asteroids in the inner Solar System (interior to Jupiter’s orbit) is about 4 x 1021 kg, which is about 5% of the mass of the Moon. A large fraction of that total is held in the three largest asteroids, Ceres, PALLAS and Vesta. A decreasing fraction of the overall mass is represented by the smaller asteroids: although there may be over a million main-belt asteroids each about 1 km (0.6 mi) in diameter, their total mass is less than that of a single asteroid of diameter 200 km (120 mi). As a rule of thumb the number of asteroids increases by about a factor of one hundred for each tenfold decrease in size. Because the mass depends upon the cube of the linear dimension, the smaller asteroids thus represent a decreasing proportion of the total mass of the population.


When an asteroid is found its position is reported to the International Astronomical Union’s Minor Planet Centre, and it is allotted a preliminary designation. This is of the form nnnn pq where nnnn is the year and pq represents two upper-case letters. The first letter (p) denotes the half-month in which the discovery was made, January 1—15 being labelled A, January 16—31 as B, and so on. The letter I is not used, so that December 16—31 is labelled Y in this convention, and the letter Z is also not used. The second letter (q) provides an identifier for the particular asteroid; in this case Z is used but not I, making 25 letters/asteroids in all. Thus the third asteroid reported in the second half of March 1989 was labelled as 1989 FC. Until the last couple of decades this designation system was adequate because no more than 25 asteroids were being discovered in any half-month, but now thousands are reported and so an additional identifier is required. This takes the form of a subscripted numeral. Thus 1999 LD31 was the 779th asteroid reported in the first half of June 1999. Many asteroids are reported several times at different epochs, and so receive multiple designations of this form.


After an asteroid has been observed for a sufficient length of time, such that our determination of its orbit is secure (this generally requires three oppositions), it is allocated a number in the master list, which begins with (1) Ceres and continues with (2) Pallas, (3) Juno, (4) Vesta and so on. This list exceeded 25,000 during the year 2001. Upon numbering, the discoverers of each asteroid have the right to suggest a name for it to the naming committee of the International Astronomical Union, and in most cases that suggestion is adopted. Certain conventions apply to distinct categories of asteroid, such as the Trojans and the Centaurs. In the past, before strict rules were adopted for numbering and naming, a few exceptions to these procedures occurred, such as with ALBERT and HERMES.
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Although some asteroids may be cometary nuclei that have become dormant or extinct, most of these bodies are thought to have originated in the region of the present main belt. They seem to be the remnant debris from a large complex of PLANETESIMALS that failed to form a major planet due to the gravitational stirring effect of Jupiter. Soon after their formation, some of the larger proto-asteroids underwent sufficient internal heating, through radioactive decay, to melt to some degree, acquiring metallic cores and layered mantles. This chemical DIFFERENTIATION is represented in the variety of known METEORITE classes — these being in effect asteroid fragments.


A consequence of this differentiation is that asteroids present a variety of spectroscopic classes, representing different surface (and, assumedly, bulk) compositions. The most abundant group is called C-type (for carbonaceous’) asteroids, these being especially prevalent as one moves outwards through the main belt. C-type asteroids reflect more light at the red end of the spectrum, but their low albedos (below 0.05) make them very dark, so they may be thought of as being black-brown. They are thought to contain the same materials as CARBONACEOUS CHONDRITE meteorites. The inner part of the main belt is dominated by S-type (stony or ‘silicaceous’) asteroids. These have moderate albedos (0.15—0.25) and are thought to be analogous to the metal-bearing stony meteorites known as ordinary CHONDRITES. The third most populous class are the M-type (‘metallic’) asteroids. These also have moderate albedos and are thought to be derived, like nickel-iron meteorites, from the metal-rich cores of large differentiated parent bodies that have become exposed by collisional break-up. Members of a less common class, the E-types (‘enstatite’), have elevated albedos of 0.40 or more, as has the V-class Vesta. There are many other subdivisions of each of these classes, and other rare categories that have been recognized as being distinct from the common groupings. The distributions of the various asteroid types in the main belt — the preponderance of S-types at the inner edge but with more

C-types at greater distances — suggest that the volatile-rich asteroids formed farther from the Sun, as a result of the presumed temperature gradient in the SOLAR NEBULA. Similarly, the homogeneous composition of the HIRAYAMA FAMILIES suggests that most asteroids remain in orbits similar to those where they formed in that nebula.


Another important clue to the nature of asteroids comes from their spin rates. The rotation period of an asteroid may be measured from observations of its repeating trends in brightness variation, generally displaying two maxima and two minima in each revolution. This pattern indicates that the changes in brightness are dominated by the effect of the asteroid’s non-spherical shape, rather than any albedo distribution across its surface. Typical amplitudes are only up to 0.2 mag., or 20% in the brightness, although some near Earth asteroids, such as Geographos, vary by a much greater amount, as a result of their elongated shapes. Typically, asteroids have rotation periods in the order of ten hours, although a few are much longer (some weeks), possibly due to the damping effect of a companion satellite (as with Ida, EUGENIA and PULCOVA). At the other end of the scale, short rotation periods are of interest because self-gravitation cannot hold together an asteroid having a rotation period of less than about two hours. Until recently all asteroids for which light curves were available displayed periods in excess of this amount, meaning that they could be ‘rubble piles’ held together by gravity. (Another piece of evidence pointing to such a structure is the presence of voids within asteroids, as indicated by the low average densities determined for some of them, for example Ceres and Mathilde.) The first asteroid to be measured to have a shorter period (about 97 minutes) was 1995 HM, which thus appears to be a monolith. Since then several other asteroids have been shown to have even higher spin rates, with periods as short as ten minutes. These must similarly be single rocks rather than rubble piles, being held together by their tensile strength.


The meteoroids that produce meteorites, and indeed some complete asteroids, leave the main belt through a variety of mechanisms. Inter-asteroid collisions may grossly change their orbits (evidence of past collisions derives from the Hirayama families), and such collisions also change the spin rates discussed above. A more significant avenue through which asteroids can escape the main belt is the rapid dynamical evolution that occurs if an object acquires an orbital period that is a simple fraction of that of Jupiter. This leads to depleted regions of orbital space known as the KIRKWOOD GAPS. Asteroids leaving those regions tend to acquire high-eccentricity orbits, which can lead to them either being ejected from the Solar System by Jupiter, or else joining the population of MARS-CROSSlNG ASTEROIDS or near-Earth asteroids.


Viewed in three dimensions, the main belt is a somewhat wedge-shaped torus, increasing in thickness from its inner to its outer edge. The median inclination increases from about 50 to about 90, whereas the median orbital eccentricity is around 0.15 throughout the main belt. Most asteroids, therefore, follow heliocentric orbits that are only a little more inclined than those of the planets, and with modestly greater eccentricities. It follows that the majority of main-belt asteroids move among the stars, as seen from the Earth, in a similar way to the planets: they stay close to the ecliptic, and retrograde through opposition. There are, however, exceptions among various dynamical classes such as the near-Earth asteroids, the Trojans, and various specific main-belt classes that are grouped together in terms of common dynamical behaviour rather than composition or origin.

Black Hole

Object that is so dense and has a gravitational field so strong that not even light or any other kind of radiation can escape: its escape velocity exceeds the speed of light. Black holes are predicted by Einstein’s theory of GENERAL RELATIVITY, which shows that if a quantity of matter is compressed within a critical radius, no signal can ever escape from it. Thus, although there are many black hole candidates, they cannot be observed directly. Candidates are inferred from the effects they have upon nearby matter. There are three classes of black hole: stellar, primordial (or mini) and supermassive.


A stellar black hole is a region of space into which a star (or collection of stars or other bodies) has collapsed. This can happen after a star massive enough to have a remnant core of more than 2.3 solar masses (the Landau—Oppenheimer—Volkov limit for NEUTRON STARS) reaches the end of its thermonuclear life. It collapses to a critical size, overcoming both electron and neutron degeneracy pressure, whereupon gravity overwhelms all other forces.


Primordial black holes, proposed by Stephen HAWKING, could have been created at the time of the BIG BANG, when some regions might have got so compressed that they underwent gravitational collapse. With original masses comparable to that of Earth or less, these mini-black holes could be of the order of 1 cm (about half an inch) or smaller. In such small black holes, quantum effects become very important. It is possible to show that such a black hole is not completely black, but that radiation can ‘tunnel out’ of the event horizon at a steady rate; such radiation is known as HAWKING RADIATION. This then could lead to the evaporation of the hole. Primordial black holes could thus be very hot, and from the outside they could look like WHITE HOLES, the time-reversals of black holes.


It seems that supermassive black holes of the order of 100 million solar masses lie at the centres of ACTIVE GALACTIC NUCLEI, extreme examples of which are QUASARS. It is thought there may also be supermassive black holes at the centres of ordinary galaxies like the Milky Way.


The lifetime of a black hole can be shown to be proportional to the cube of its mass. For black holes of stellar mass, their potential lifetime is of the order of 1067 years. Many primordial black holes will have evaporated away completely by now.


There are various different models of black holes. The most straightforward is that of the Schwarzschild black hole, a non-rotating black hole that has no charge. In nature, however, it is expected that black holes do rotate but have little charge, so the model of a rotating Kerr black hole with no charge is probably the most applicable. A Kerr—Newman black hole is rotating and has a charge. A Reissner—Nordstrom black hole is a non-rotating black hole with a charge.


The radius of a non-rotating Schwarzschild black hole of mass M is given by 2GM/c2, where G is the gravitational constant and c is the speed of light. When a star becomes smaller than this SCHWARZSCHILD RADIUS, gravity completely dominates all other forces. The Schwarzschild radius determines the location of the surface of the black hole, called the EVENT HORIZON. Only the region on and outside the event horizon is relevant to the external observer; events inside the event horizon can never influence the exterior. There is no lower limit to the radius of a black hole. Some of the primordial black holes could be truly microscopic.
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When a stellar black hole first forms, its event horizon may have a grotesque shape and be rapidly vibrating. Within a fraction of a second, however, the horizon settles down to a unique smooth shape. A Kerr black hole has an event horizon that is flattened at the poles rather than circular (just as rotation flattens the Earth at its poles). What happens to matter after it crosses the event horizon depends on whether or not the star is rotating. In the case of a collapsing but non-rotating star that is spherically symmetric, the matter is crushed to zero volume and infinite density at the Singularity, which is located at the centre of the hole. Infinitely strong gravitational forces deform and squeeze matter out of existence at the singularity, which is a region where physical theory breaks down. In a rotating Kerr black hole, however, the singularity need not be encountered. Rotating black holes have fascinating implications for hypothetical space travel to other universes.


The density of matter in a star as it crosses the critical event horizon need not necessarily be very high: its density could even be less than that of water. This is because the density of any body is proportional to its mass divided by its radius cubed, and the radius of a black hole is, as we have seen, proportional to its mass. These two facts combined imply that the density at which a black hole is formed is inversely proportional to the square of the mass. Take a supermassive black hole with a mass of from 10,000 to 100 million solar masses — the mass of a black hole that might be found at the centre of certain active galaxies. Such a collapsing mass would reach the black hole stage when its average density was roughly that of water. If the mass of the collapsing sphere were that of an entire galaxy, the average density of matter crossing the event horizon would be less than that of air.


Attempts to discover stellar black holes must rely on the influence of their gravitational fields on nearby matter, and/or their influences on the propagation of radiation in the vicinity of the hole. Black holes within BINARY STAR systems are potentially the easiest to detect because of the influence on their companion. Material is pulled from the companion into the black hole via an ACCRETION DISK. The frictional heating within the disk leads to the emission of X rays. The first candidate where one companion in a binary system is thought to be a black hole is the X-ray source CYGNUS X-1. At the position of this X ray source lies a SPECTROSCOPIC BINARY star HDE 226868, which has a period of 5.6 days. More recently, all-sky monitors on space-borne X-ray observatories have discovered soft X-ray transients (SXTs); objects that produce rare, dramatic X-ray outbursts (typically separated by decades). Around 75% of SXTs contain black hole candidates.


The existence of supermassive black holes in quasars and as the central sources in active galactic nuclei is generally accepted as the means of explaining the phenomena observed. Many ordinary galaxies like our own show enhanced brightening at their cores, along with anomalously high velocities of objects near the centre, suggesting the existence of a black hole.


There is also the MISSING MASS PROBLEM: the density of the observable matter in our Universe is much less than the theoretically computed value needed to ‘close’ the Universe and it may be that at least some is in the form of black holes.

Doppler Effect

A phenomenon whereby the pitch of sound or the wavelength of light is altered by the relative velocity between the observer and the emitting object. The effect was first described for sound waves in 1842 by the Austrian physicist Christiaan Doppler (1803—53), who was director of the Vienna Physical Institute and professor at the University of Vienna. The French physicist Hippolyte Fizeau (1819—96) suggested the extension of the principle to light waves in 1848.
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The Doppler effect can be visualized by imagining a transmitter emitting pulses regularly. Each pulse travels out in all directions, producing a pattern of circles. If the transmitter is moving, each circle has a different centre. In the diagram, circles A, B, C and D were emitted when the source was at a, b, c and d. In the forwards direction the circles lie closer together, whilst behind the transmitter they are stretched apart. In the case of light, if an object approaches, the light it emits has shorter wave separations and so becomes bluer; if the object recedes, the light is reddened. The latter is the much-referred-to REDSHIFT.


The convention is used that radial velocity is positive when directed away, and negative when directed towards the Earth, so the Doppler formula is:
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where (0 is the observed wavelength, (L is the laboratory (that is, unshifted) wavelength, v is the line-of-sight velocity and c is the velocity of light. Hence the line-of-sight velocity of an object can be determined from measurements of the changed wavelengths of spectrum lines. Most objects have some motion across the line of sight, but the Doppler effect cannot measure these, except at relativistic velocities when the transverse Doppler effect appears as a result of relativistic TIME DILATION.


Distant galaxies and quasars recede at speeds approaching that of light itself. The relativistic Doppler formula must then be used, as follows:
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Singularity

Point in space or spacetime at which the current laws of physics make non-real predictions for the values of some quantifies. Thus at the centre of a BLACK HOLE, the density, the force of gravity and the curvature of space-time are all predicted to be infinite. It is likely that radical changes to the laws of physics or new laws will be required to deal correctly with singularities. This may however not be necessary if the idea of cosmic censorship holds. Cosmic censorship requires that all singularities be hidden from the rest of the Universe by EVENT HORIZONS. If correct, then the difficulties presented by a singularity will never have to be dealt with in the real world. It is possible that the Universe as a whole originated in a singularity at the start of the BIG BANG.

RISK ASSESSMENT: YOU MUST NEVER LOOK DIRECTLY AT THE SUN AT ANY TIME, EITHER WITH THE NAKED EYE OR THROUGH BINOCULARS OR A TELESCOPE. THE SUN’S RAYS WILL CERTAINLY DAMAGE YOUR EYES. YOU MAY EVEN BE PERMANENTLY BLINDED! IF IN DOUBT SEEK ADVICE.
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Radiation pressure and solar wind effects result in a comets’ tail always pointing away from the Sun. An interesting consequence of this is that a comet departs the inner solar system tail-first.





EM waves emitted from a moving point source appear compressed ahead of, and more spread out away from, the direction of motion. The result is that for light the wavelength is shortened (blueshift) ahead of the source approaching the observer and lengthened (redshift) behind a receding source such as a distant galaxy.





Plots of the larger known asteroids. Most of them lie in the main belt between the orbits of Mars and Jupiter, while the Trojans move in the same orbit as Jupiter, 60o in front of or behind it.
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Meteors sometimes leave a trail of ionised gas in the atmosphere as they burn up. This is known as a ”train” and can last for some minutes.





Because they have low albedos, asteroids are very difficult to spot and it is often only their proper motion relative to the background stars that gives away their presence.





Radio jets, spewing from the centre of a galaxy, and lobes of radio emission are the signatures of a supermassive black hole. The giant elliptical galaxy M87 houses the radio source Virgo A (false colours indicate the strength of the emission).
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