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THIS IS A VERY BASIC INTRODUCTION TO
TH-ECOSMOS FOR THOSE PEOPLE WHO

ARE FASCINATED BY THE NIGHT SKY, BUT
KNOW ABSOLUTELY NOTHING ABOUT

WHAT IS UP THERE!

ASTRONOMY IS A VAST SCIENCE, AND
CAN BE VERY DAUNTING, SO LET,'S START

BY IGNORING ALL THE SCIENTIFIC
TERMS, AND GETTING DOWN TO THE
NITTY GRlny OF ACTUALLY FINDING
THINGS TO LOOK AT UP THERE, AND

HAVING SOME IDEA OF WHAT IT IS THAT
WE ARE SEEING.
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When we look at the night sky, we can see a vast array of
stars, apparently scattered at random against a black
background. The sheer scale of the heavens is mind
blowing, and it is very hard to see any patterns emerging
from the glittering points of light twinkling above us.

Can we get one thing straight! What we are looking at is
a mixture of different objects, not just stars.

If you take time and look closer at individual objects, you
will see that they are not all white and not all the same
size. There are distinct differences in the colours. You
will be able to tell blues from reds, yellows from oranges,
etc. Some will appear to be very much larger than oth-
ers, and some will dazzle you with their brilliance, whilst
others just seem to be a bit dim.

There are countless billions upon billions of objects in the
heavens, and each one is an individual.

When we look at the sky, we are not actually seeing it as
it is today. What we are seeing is the light from these ob-
jects, which has been travelling towards us at 860,000
miles per second.

Let us take, for example, the star Betelgeuse, This is a
red superglant star, and we are seeing it as it was 360
years ago, since that is how long the light from this star
has taken to reach us.
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LETS START AT THE VERY BEGINNING!
No - not with the Big Bang - with the objects that we
can see in the sky. We'll start with the Solar System.

Our planet - the Earth - is one of nine bodies travelling
around our local star, which we call the Sun. The word
"planet" comes from a Greek word which means,
"wandering star". A PLANET is a relatively small body
which revolves round a star and which does not emit
light produced by internal nuclear reactions in the way
that a star does.

These planets move around the Sun in different ways.
Instead of moving in perfect circles, they take an ellipti-
cal path, which means that they are all at differing dis-
tances from the Sun at anyone time. From Earth, we
can see most of the planets travelling through the sky at
different times. Planets do not twinkle like stars, so
they are quite easy to spot if you know where to look!

MERCURY,the closest to the Sun, is very difficult to see
with the naked eye but VENUS,the second planet, is very
bright. When it is visible, Venus is generally the first
thing to be seen in the evening sky, before the stars be-
gin to twinkle, and has been named, "The Evening Star".
We now know that it is not a star at all, but a planet.

The third planet from the Sun is EARTH,our own home.
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Next comes MARS, a smaller world than the Earth, and
very easily seen in the sky as a "reddish coloured star".

These four worlds make up the Inner Planets. They are
all relatively small, rocky spheres.

Before we arrive at the next planet, we have to travel
through the ASTEROID BELT. These asteroids are small,
rocky bodies which range in diameter from 800 kms to
less than 1 km, and are known as the Minor Planets.
There are at least 100,000 of these rocks drifting
around the Sun in this belt, some of which are large
enough to be identified with names:

VESTA
MO ,an.
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Now we come to the Gas Giants - Planets which are
very much larger than the inner, rocky ones.

The first is mighty JUPITER- the largest planet in our so-
lar system. When it is on view, Jupiter can be seen very
easily from Earth. It is one of the brightest objects in
the sky. Jupiter is closely followed by the most beautiful
planet of all - SATURN- with its amazing ring system.

The next two planets are also gas giants, but they are so
far away, they are not visible with the naked eye. First
we have URANUS, followed by NEPTUNEand the final
planet is little PLUTOwhich is a cold, rocky sphere on
the edge of the solar system.

There has been much discussion on the possibility of a
tenth planet outside the orbit of Pluto, but as yet this
has not been proved to exist.

So, now we know that our local star - the Sun - just an
ordinary, middle of the range star of which there are
countless billions in the heavens, has a planetary sys-
tem around it. More and more planetary systems are
being discovered around stars all the time. I wonder if
any other planet exists that is similar to Earth?
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MOONS

J. In one complete rotation
of the Moon on its axis, a
point on its surface turns
through an angle of 360'.
TheMoon revolves around
the Earth in the same time
IS it takes to spin on its axis'0 that a point initially
facing the Earth will always
face towards the Earth.

If Moon

8

All the planets, with the exception of Mercury and Venus, have
natural satellites, or moons, which revolve around them. These
range in size from planet-sized bodies comparable with Mercury
and Pluto, to irregular bodies like asteroids, a few kilometers in di-
ameter.

The Earth's moon has been a vision of wonder for mankind since
time began. It has been worshipped, sung about, coveted and
cursed. This rocky, cratered world is mainly responsible for the
ocean tides which rise and fall twice daily on Earth.

In 1969, Neil Armstrong and Buzz Aldrin were the first two men to
set foot on the moon, in the Sea of Tranquility. Now this is puzzling
because there are no seas on the Moon! The latin for "sea" is
"mare". When astronomers were mapping the moon, they saw the
expanses of hardened lava as seas, so for example we now have
Mare Serenitatis, Mare Frigoris, Mare Fecunditatis, etc.

The Moon has been bombarded with Meteorites and Comets over
the aeons, and presents a very cratered appearance through a tele-
scope.

~ooo
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·Lets have a look at the moons of the other planets:

MARS - has two moons, both irregularly shaped. They are called
Phobos which is 27 kms long and Deimos which is 15 kms long.

JUPITER - has sixteen moons, the four largest of which are called,
"The Galilean Moons", obviously because they were discovered by
Galileo. They are named Europa, Ganymede, Callisto and 10, and
each is large enough to be a planet. 10 is the only body in the solar
system apart from Earth to exhibit active volcanoes.

SATURN - has at least thirteen moons, which range in size from
moon lets less than 200 kms wide to giant Titan, whose diameter is

· more than that of Pluto or Mercury. The next largest moons are
Rhea and lapetus. The farthest moon away from Saturn is lonely

· Phoebe who revolves backwards.

URANUS - has at least five moons, the largest of which is Miranda.

NEPTUNE - has two known moons - Triton and Nereid.

PLUTO - has one moon only, which is very similar in size to the
planet itself, called Charon.



------~-

STARS
A STAR is a self-luminous gaseous body, which may also
be defined as 'a sun' since our Sun is a normal star. It is
the natural result of a cloud of gas collapsing and con-
densing when gravity, the dominant force in the universe,
pulls materials together.

The English astronomer, Sir James Jeans, may not have
been exaggerating when he asserted that the universe
has as many stars as there are grains of sand on all the
ocean beaches of Earth. From Earth the naked eye can
glimpse as many as 6,000 of them, but our Galaxy, which
we call "The Milky Way", probably contains ~200 billion of
these great spheres of shining gas, and this is only one
galaxy amongst at least 10 billion in the universe.

Scattered like diamond chips across the cosmos, the
stars look deceptively serene to the earthbound observer,
yet each one is a creature of extraordinary violence. We
use the Kelvin scale for stellar temperatures, which corre-
sponds to Celsius but sets zero degrees at absolute zero,
or minus 273 degrees on the Celsius scale. Tempera-
tures on the surfaces of normal stars can range up to
50,000 degrees K, and in some rare stars, the surface
seethes at an unimaginable one million degrees. Stellar
interiors burn with even greater intensity. They are na-·
tures own thermo-nuclear furnaces, raging at several mil-
lion degrees K in typical stars.
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\
Nebula

Black
hole

. .

Stellar evolution. Left A star of solar mass
passes from the Main Sequence to the Red
Giant branch, and then becomes a White
Dwarf. Centre A star of higher mass
explodes as a supernova and then becomes a
neutron star. Right A star of still higher mass
collapses into a Black Hole. .

/
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The peaceful-looking heavens disguise not only the fe-
rocity but the enormous variety of stars as well. Often
migrating through the galaxy in binary pairs, triplets
and even quartets, stars range in size from smaller
than the Earth to nearly as large as the Solar System.
Some regularly expand and contract, growing brighter
and dimmer as they do so. These are called VARIABLE
STARS.

STELLAR MASSES
It is possible in principle to "weigh" a star by observing
the effect of its gravity on neighbouring bodies. Thus,
working out the force necessary to keep the planets in
their orbits at their known distances and speeds
makes it possible to calculate the mass of the Sun. It
is only possible to measure the mass of a star if it is a
member of a binary system (a pair of stars which re-
volve round each other).

The most massive star known at present is probably
Plaskett's Star in the constellation of Monoceros. It is
a binary system, and each component is about 55
times as massive as the Sun.

The most powerful star known is the unique Eta Cari-
nae, which is 6,400 light years away and perhaps
4,000,000 times as luminous as the sun.

11



THE BIRTH OFA STAR

Astronomers have never been able to witness the life of
a single star from beginning to end, because the time
scale is too great. Instead, they have analysed a broad
cross-section of stars, some young, some middle-aged
and some very old, and have combined their data to
compile a reasonably complete evolutionary sequence
for most stars.
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A star begins life as a cloud of dust and gas called a
NEBULA. Triggered by some mechanism which scien-
tists have not fully understood, the star begins to col-
lapse under its own gravitational attraction. Once
started, the process continues very rapidly, exerting
pressure on the material at the centre of the cloud,
where the temperature rises. The collapsing cloud, or
"PROTOSTAR"becomes extremely brilliant for a while,
but then begins to fade as collapse continues still fur-
ther - but more slowly - and the central region be-
comes hotter and hotter. At a temperature of about 10
million k, nuclear fusion begins to take place within the
core, providing the energy which will keep the star shin-
ing for many millions of years, although not to the end
of its life.



NEBULA

All stars form from a NEBULAwhich is a mass of dust
and tenuous gas in space. If there are suitable stars
in or near it, the nebula becomes visible either by
straightforward reflection of because the stellar radia-
tion causes the nebular material to emit a certain
amount of light on its own account. If there are no
suitable stars, then the nebula will be dark and will be
detectable only because it blots out the light of objects
beyond.

The most famous of all is the Great Orlon Nebula
which can be found in the sword of Orion, and can be
seen by the naked eye as a green, misty patch of light.
This is a "STELLARNURSERY"where new stars are be-
ing born. These are called, "PROTOSTARS"

13



Flattened ovals
can be seen in
this view of the
Orion Nebula
taken from
HST.
Each oval is
thought to be a
solar system
forming
around a
young star

These photo-
graphs from

HSTshow face-
on and edge-on
views of proto-

planetary discs.
The bright spot
at the centre of

each disc is a
newly forming

protostar.

The Hubble Space Telescope has studied the Orion Neb-
ula in great detail. One of the important discoveries
made is that many of the young stars and protostars
within the nebula are surrounded by flattened gaseous
discs. These are referred to as protoplanetary discs or
proplyds. It is believed that these protoplanetary discs
are solar systems in formation.
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ALL KINDS OF NEBULA
The word NEBULA is used to describe more than one
kind of object. The term Nebula dates from a time
when astronomers could not see objects clearly, and
didn't understand what they are. The first objects to
be described and studied as nebulae were listed by
Charles Messier when he was searching the skies for
comets. He saw fuzzy objects, and, wishing to avoid
them he listed just over :100 of the brightest of them.

These "fuzzy objects" all labelled as nebulae, turned
out to be: SPIRAL GALAXIES, OPEN OR GLOBULAR
CLUSTERSOF STARS, OTHER DIFFERENTLYSHAPED
GALAXIES,etc.

A PLANETARY NEBULA is actually neither of these
things! It is a star in the last throes of life, which has
ejected its outer layers and leaves an exposed hot
core. The gas moves off as a symmetrically-shaped
cloud, usually ring shaped or hour-glass shaped. One
of the best examples if this is the RING NEBULA in the
constellation LYRA.

Remnants of supernova explosions are also known as
nebula - the most famous of which is "THE CRAB NEB-
ULA" in the constellation TAURUS.

SOLAR NEBULA refers to the rotating flattened disc
which formed from a cloud of interstellar material,
and went on to produce the Solar System.

15



The Hourglass Nebula is one of
the many lovely planetary nebula
imaged by the Hubble Space Tele-
scope. The outer atmosphere of a

dying star has been thrown off.
The central star is the white dot,

off centre in the eye.

The Pleiades Nebula in the
constellation of Taurus. This
is a Reflection Nebula, seen

against a background of
bright stars.

The Ring Nebula which
can be found in the con-
stellation Lyra. One of the
most beautiful sights in
the sky.



· STARS MOVINGTHROUGHSPACE
The stars are all moving through space, although their
distances are so great that their motions are impercepti-
ble to the human eye, even over centuries and millenia.
Relative to the Earth, their velocity consists of two com-
ponents - "proper motion" across the line of sight, and
"radial motion" directly towards or away from the Solar
System.

Proper or individual motions of the stars were only first
appreciated in 1710 by Edmond Halley. He was able to
show that the Stars Sirius, Procyon and Arcturus had
moved perceptibly against their background since the
time of Ptomoly.

The brightness of a star can be
gauged in two ways: how bright it
seems, and how bright it actually
is,. This distinction is important to
an observer on earth, for a very
bright star may be farther away
and seem as dim as a feeble
near-by star (left). However, in
the case of two stars which are at
very great distances, it makes lit-
tle difference if one star is some-
what nearer, since they are both
so far away that their relative
brightness will remain unchanged
when viewed by an observer on
the earth.

17
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THE DOPPLER EFFECT
In 1842, an Austrian astronomer named Christiaan Dop-
pler described the principle now known as "THE DOP-
PLER EFFECT". This effect makes it possible to measure
a star's radial velocity. If a source of light is moving away
from an observer, the light waves are "stretched out" and
the wavelength reaching the observer is longer than the
wavelength emitted by the source. This happens be-
cause each successive wavecrest is emitted from a
slightly greater distance away, and so takes longer than
its predecessor to reach to observer. This is known as
"THE RED SHIFT". Conversely, if a source is approaching
the observer, the waves are "squeezed up", and the ob-
server perceives shorter wavelengths. This is known as
"THE BLUE SHIFT". The same principle as the noise from
a motor bike coming towards you and then going away
from you.

The Doppler effect

JVV\~- .Source Observer

JVV\ IVV\.• •

Using this, astronomers can tell whether an object is
coming towards (blue-shifted) or going away from (red
shifted) the Solar System. Almost all objects observed
are red-shifted, confirming the expansion of the Universe.
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STRIPED LIGHT
Almost everything astronomers now know about the be-
wildering variety of stars is based on a technique known

I .

as SPECTROSCOPY- the analysis of light and other ra-
diation.

Like much of modern astronomy, spectroscopy owes its
beginnings Isaac Newton. In 1666 he performed his first
experiment - using a glass prism, a little round hole in
one of his window shutters, and the white wall of the
room. He permitted a stream of sunlight to enter the
darkened room through the hole and pass through the
prism,. The glass dispersed the light into an array of
slightly overlapping colours from red, through orange, yel-
low, green and blue to violet. Newton described this im-
age as THESPECTRUM,a Latin word meaning apparition.

19
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When the information in starlight became available to
astronomers, an era of knowledge gathering began and
scientists analysed, recorded and classified hundreds
and thousands of stars. Stars have been grouped into
different classifications and given an identifying letter:

Type Surface temperature Typical Comments
in QC Star

W Up to 80,000 y Velorum Bright lines in spectra. Wolf-Rayet stars:
WN (nitrogen sequence) WC (carbon
sequence). Unstable; highly luminous.

0 40,000-35,000 ~Puppis Bright and dark lines.
B 25,000-12,000 Spica Melium lines dominant.
A 10,000-8,000 Sirius ydrogen lines dominant.
F 7,500-6 ,000 Polaris alcium lines prominent.
G giants 5,500-4,200 Capella Metallic lines numerous.

dwarfs 6,000-5,000 Sun
K gian ts 4,000-3,000 Arcturus Weak hydrogen lines; metallic lines

dwarfs 5,000-4,000 T Ceti strong.
M giants 3,400 Betelgeux Complicated spectra with many bands

dwarfs 3,000 Proxima due to molecules.
R 2,600 S Apodis Carbon bands prominent.
N 2,500 R Leporis Strong carbon bands. .
S 2,600 X Cygni Prominent bands of titanium oxide and

zirconium oxide.

Generally W, 0 and B stars are white or bluish; A,
white, F, slightly yellowish, G, yellow, K, orange and M,
R, Nand S, red.

20



THE HERTZSPRUNG-RUSSELL DIAGRAM
In 1914 a Danish astronomer, Ejnar Hertzsprung and an
American, Henry Russell, published the first of a series of
diagrams that was to revolutionise the study of stellar evo-
lution. The two astronomers had discovered that there
was a correlation between the brightness (absolute lumi-
nosity) and the colour (spectral class) and hence the sur-
face temperature - of stars. Plotting these two values on
a graph gives the diagram known as the Hertzsprung-
Russell diagram (or H-R) diagram. Drawing such a dia-
gram for a large number of stars shows that most lie
within a broad band of decreasing brightness and surface
temperature. This band is known as the "main sequence"
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THE DEATHOFA STAR
After an immensely long period, the supply of available
hydrogen in a star is used up; energy production stops, so
that the core shrinks and heats up to a temperature of
perhaps 100 million degrees. This is enough to make he-
lium react; the outer layers of the star expand and cool,
but the total luminosity rises sharply as the star becomes
a red giant. Finally the star's outer envelope is thrown off,
the core itself becomes very small and incredibly dense,
because all its constituent atoms are broken up and
packed together with little waste of space. At this stage
one teaspoonful of the "star stuff" would weight about a
ton! The star has reach the WHITE DWARFstage

Stars of more than 1.4 times the mass of the sun will
evolve much more quickly, and will meet a more dramatic
fate. There is a period when the star has an onion-like
structure with different reactions going on at different lev-
els. When the temperature has soared to 3,000 million
degrees or so, even iron nuclei are being created, but iron
will not react further and energy production stops. There
is an "implosion" (the opposite of an explosion) followed
by a reaction, and the star disrupts itself as a SUPER-
NOVA. The end product is a cloud of expanding gas, in the
midst of which is the remnant of the old star; the protons
and electrons are fused together to make neutrons, and
the result is a NEUTRONSTAR, which is far more dense
even than a White Dwarf.
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Neutron Stars rotate very rapidly, sending out pulsed ra-
diation (PULSARS).

THE CRAB NEBULA is a remnant of a supernova which
happened in 1054. It became bright enough to be visi-
ble with the naked eye in broad daylight. This nebula is
6,000 light years away in the constellation of Taurus
and is one of the strongest radio sources in the sky. At
its centre is a pulsar which flashes at periods of a third
of a second.

A star which is still more massive will not suffer a su-
pernova outburst. When the final collapse starts, it is
so sudden and so cataclysmic that nothing can stop it.
Even the neutrons cannot resist the tremendous force,
and the star creates A BLACK HOLE, inside which condi-
tions are so beyond our experience that it is hard to
visualise them.
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BLACKHOLES
When a burned out star, say one ten times more mas-
sive than the Sun, shrinks to about 60 kilometres in
diameter, it becomes very special. It is so dense, and
its gravity so strong, that virtually nothing can escape
from it, not even light. At this great density the star
disappears inside itself, or within its so-called EVENT
HORIZON. After a dying star contracts into a black
hole, it continues to contract until it is a point called a
SINGULARITY.

How do astronomers detect a black hole? Gaseous
matter pulled violently into a black hole from a
nearby star seems to get heated to about a billion
kelvins. Just before this matter disappears over the
black hole's event horizon, it sends out strong bursts
of X rays, which can be detected.
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THE CONSTELLATIONS
Ages ago, people decided to sort the heavens out into
some sort of order, so that they could identify objects
more readily. They grouped stars that appeared to-
gether in the sky and made a recognisable pattern, and
then named them after mythological creatures or inani-
mate objects. Each one of these grouping of stars they
called a CONSTELLATION.

The Greek astronomer, Ptolomy, listed forty-eight con-
stellations, and these names are still in use today, al-
though others have been added, particularly in the
southern sky. In all there are eighty-eight constella-
tions, but in Great Britain we can only see those that
are visible in the Northern skies. Some of these can
be seen all the year round, as they are situated directly
overhead, but others move in and out of view because
of the passing seasons.

The most famous of all constellations is Ursa Major,
also known as "The Plough" or "The Big Dipper". This is
always on view, because it circumnavigates the celes-
tial North Pole, and the Pole Star - Polaris.

The most conspicuous constellation is Orion (The
Hunter), seen from Great Britain during the winter
months. The star Betelgeuse is found in this constella-
tion, along with Rigel, a brilliant blue-white giant star.

25



PRINCIPAL CONSTELLATIONS IN THE FOUR SEASONS -
NORTHERN HEMISPHERE

\
Aries

p~

Virgo

Trianlulum

X· ri
/ cygnu~ Lyra

Spring

V Delpblnus

Equukus

Summer

P~asu.s

Taurus

..

Autumn

Canis Minor

C&JliJMaj~

Winter
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GETTO KNOW THE SKIES

To find one's way about amongst the stars it helps to fix
on one's memory several distinctive constellations and
bright stars that will then be readily recognised at any
time. Using these as starting points, we can then, with
the aid of star maps, venture in search of further objects
in the sky. Because the appearance of the sky is forever
changing owing to the motion of the Earth and its rela-
tion to the position of the observer on the Earth, we
need such "starting points" in all parts of the sky.

In the Northern sky, URSA MAJOR (The Great Bear) is
our starting point for locating Polaris (the Pole Star). Be-
neath Ursa Major is LEO (the Lion). To the left of Ursa
Major is BOOTES,in which is the giant red star, Arcturus.
Turn your back on Ursa Major and you will see
CASSEOPEIA, which is shaped like a W. From this
lovely lady you will be able to find PERSEUS, ANDRO-
MEDA and PEGASUS. Above Casseopeia is her husband,
CEPHEUS. In this constellation there are many variable
stars, which gave the name CEPHEIDSto all variables.

In the summer sky, a good guide is the "summer trian-
gle" formed by the brightest stars in LYRA, CYGNUSAND
AQUILA.

The winter sky is ruled over by ORlON, GEMINI and
TAURUS.

27
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Latin name EngUsh name Ist-magnltude starts)
ANDROMEDA Andromeda
Arulia The Air-Pump
Apus The Bee
AQUARIUS The Water-bearer
AQUILA The Eagle Altair
Ara The Altar
Aries The Ram
AURIGA The Charioteer Capella
BOOTES The Herdsman Arcturus
Czelum The Sculptor's Tools
Camelopardalis The Giraffe
Cancer The Crab
Canes Venatici The Hunting Dogs
CANIS MAJOR The Great Dog Sinus
Canis Minor The Little Dog Procyon
Capricornus The Sea-Goat
CARINA The Keel Canopus
CASSIOPEIA Cassiopeia
CENTAURUS The Centaur Alpha Centauri, Agena
Cepheus Cepheus
Cetus The Whale
Chamaeleon The Chameleon
Circinus The Compasses
Columba The Dove
Coma Berenices Berenice's Hair
Corona Australis The Southern Crown
Corona Borealis The Northern Crown
Corvus The Crow
Crater The Cup
CRUX AUSTRALIS The Southern Cross Acrux, Beta Crucis
CYGNUS The Swan Deneb
Delphinus The Dolphin
Dorado The Swordfish
Draco The Dragon
Equuleus The Little Horse
ERIDANUS The River Achernar
Fomax The Furnace
GEMINI The Twins Pollux
GRUS The Crane
Hercules Hercules
Horologium The Clock
Hydra The Watersnake
Hydrus The Little Snake
Indus The Indian
Lacerta The Lizard
LEO The Lion Regulus
Leo Minor The Little Lion
Lepus The Hare
Libra The Balance
LUPUS The Wolf
Lynx The Lynx
LYRA The Lyre Vega
Mensa The Table
Microscopium The Microscope
Monoceros The Unicorn
Musca Australis The Southern Fly
Norma The Rule
Octans The Octant
OPHIUCHUS The Serpent-bearer
ORlON The Hunter Rigel, Betelgeux
Pavo The Peacock
PEGASUS The Flying Horse
PERSEUS Perseus
Phoenix The Phoenix
Pictor The Painter
Pisces The FIShes
Piscis Australis The Southern Fish Fomalhaut
PUPPIS The Poop
Reticulum The Net
Sagitta The Arrow
SAGITTARIUS The Archer
SCORPIUS The Scorpion Antares
Sculptor The SculFctor
Scutum The Shie d
Serpens The Serpent
Sextans The Sextant
TAURUS The Bull" Aldebaran
Telescopium The Telescope
Triangulurn The Triangle
Triangulum Australe The Southern Triangle
Tucana The Toucan
URSA MAJOR The Great Bear
Ursa Minor The Little Bear
VELA The Sails
VIRGO The Virgin Spica
VOLANS The Flying-Fish

29 Vulpecula The Fox



COMETS, METEORSAND METEORITES

COMETS are not solid, rocky bodies, but rather may be
described as dirty ice-balls. The only reasonably mas-
sive part is the nucleus, made up of ices in which are
embedded rocky particles. When the comet ap-
proaches the Sun, the ices in the nucleus start to boil
off; a head or coma is formed. Large comets also have
two tails, one made of "gas" and the other of "dust",
which always point away from the Sun, due to the solar
wind and solar radiiation pressure.
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Coma

Structure of a large comet, Tosu0

Comets seem to have a "home ground" in the farthest
reaches of the Solar System, at least 15 trillion kms
away from the Sun. This home ground is called the
Oort Cloud, an enormous collection of rock dust and icy
matter left over from the formation of the Sun and
Planets.



From time to time a comet is snatched from the Oort
Cloud and is flung into a cigar-shaped elliptical orbit that
brings it close to the Sun. Some comets are regular visi-
tors, and the most famous of these must be Halleys
Comet which is seen every 76 years.

METEORS are small particles, the size of pebbles and
sand grains, moving freely around the Sun. These are
the end product when a comet nucleus disintegrates,
forming long swarms of particles sharing the same or-
bit. At regular times each year, Earth passes through
these swarms. Then fragments rain down through our
atmosphere. They glow briefly then disappear as they
burn up, producing the luminous effect known as "A
SHOOTINGSTAR". The meteors of any particular shower
will seem to come from one particular region of the sky,
known as the RADIANT. The showers are named accord-
ing to the constellation which contains the radiant.

Shower Ogle of maximum ZHR Parent corner
Quadr aruids 3 January 110
Lyrids 22 April 12 Thatcher (1861 I)
Eta Aquarids 4 May 20 Haliey
Delta Aquarids 28 July
Perseids 12 August 68 Swift- Tuttle
Dr aconids 10 October variable Giacobini-Zinner
Orionids 21 October 30 Haliey
Taurids 4 November 12 Encke
Leonids 17 November variable Ternpel- Tuttle
Andromedids 20 November low Bida
Geminids 14 December 58
Ursids 22 December 12 TUllle

There are also sporadic meteors, not members of show-
ers, which may appear from any direction at any mo-
ment. Really brilliant meteors are known as
"FIREBAllS". It is important to note that there is no as-
sociation between meteors and meteorites.
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METEORITESare relatively large bodies which survive the
complete drop to the ground without being destroyed,
and many even produce a crater, such as that in Arizona,
which is a basin-shaped depression 3,940ft in diameter.

Meteorites are not connected with comets or meteors.
They are more nearly related to the asteroids or minor
planets - in fact there is probably no basic difference be-
tween a large meteorite and a small asteroid.

Meteorites are divided into several classes according to
their chemical composition.

The most massive known meteorite is still lying where it
fell, in prehistoric times, at Hoba West, near Groottonteln
in Southern Africa. It weighs over 60 tons. There are
many other massive meteorites which have been discov-
ered over the years.

In 1947 there was a major fall in Siberia in the Sikhote-
Alin area, which produced over 100 small craters. The
missile broke up during its descent. The 1908 missile,
also in Siberia, was more probably part of a comet.
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GALAXIES

Galaxies are other "island universes" like our own MILKY
WAY GALAXYin its entirety, but so far away that they ap-
pear as faint smudges in our sky. Galaxies differ in ap-
pearance, dimensions, proportion of stars of various
types, total mass, quantity of interstellar matter they con-
tain, and so on. In general, the sizes of galaxies range
from ten thousand to over a hundred thousand light years
across, and they contain several hundred thousand mil-
lion stars.

Galaxies are divided according to their appearance into
elliptical, spiral, barred spirals and irregular.

We have two satellite galaxies nearby - these are the
LARGE MAGELLANIC CLOUD and THE SMALL MAGEL-
LANIC CLOUD. These are irregularly shaped and can be
seen only from the Southern Hemisphere. The Small
Magellanic Cloud is 220,000 light years distant, and is
visible to the unaided eye as a "severed fragment" of the
Milky Way Galaxy.

The closest galaxy that we can see with the naked eye is
the spiral ANDROMEDA GALAXY. Although very similar
in shape to our own Milky Way galaxy, Andromeda is
twice the size.
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THE MILKY WAY GALAXY is our very own island of
stars, and contains about 100,000 million stars. It is
arranged in a shape which has been likened to that of
two fried eggs clapped together back to back! If you
look up at the sky on a very clear night, you will see a
faint, luminous band flowing up from .the East,
through Aquila and Cygnus, over Casseopeia and fad-
ing gradually past Perseus and Orion and into the
Southern horizon. This is one of spiral arms of our
Galaxy, and contains a vast huddle of stars.

Our Solar System lies near the edge of a spiral arm,
about 30,000 light years from the centre of the gal-
axy, which lies behind the star clouds in the constella-
tion Sagittarius.

...-....- . ~ .-'.

...- -~----- --.l

The whole galaxy is rotating; the Sun takes about 225
million years (or one cosmic year) to complete a full
revolution.
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HUBBLES LAW ON THE EXPANSIONOF THE UNIVERSE

When observing galaxies, an unusual phenomenon was
found. Lines shift to the red end of the spectrum when
the source of radiation is moving away from the ob-
server (Doppler Effect), and the faster it recedes the
greater the red shift. It was found that all the other gal-
axies, (with the exception of some 20 members of the
local system), were moving away from our Galaxy at a
speed that is greater for more distant galaxies.
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Our galaxy does not occupy a special position in the
Universe. If we could visit any of the other galaxies, we
would observe the same phenomenon -that the other
galaxies are moving away from us in all directions. The
increase in the distance between galaxies can be ap-
proximately demonstrated by an inflating balloon on
whose surface are randomly located points. As the bal-
loon increases in size, the points grow farther apart,
but none occupies a privileged position.

It is not really the galaxies that are moving apart, but
the space between them that is growing, as the uni-
verse expands.



CLUSTERSAND SUPERCLUSTERS OF GALAXIES

Galaxies seem to be very friendly. They are normally
found to be gathered together in groups, containing any-
thing from a few tens up to hundreds of members. This
is called a CLUSTER

Our galaxy is a member of the local cluster as shown be-
low.

-n,e ,~~Ui'Qul' pJiI!'!l!''''
't Or'co Sytlom '
'2 large ~.gelle(lic CIQud~
~; Small ~QIl."enic.Cloud,
,.(: Urs. MJnOfSy.tom' ,
f> Leo l ','
G" Leo 11
7 The Galaxy
8 NGC 682
9 IC 1613
10 IC 1643
11 NGC 185
12 NGC147
13 M83 (Trlangulum)',
14 M31 (Andromed. galBlCY/,
1& M32 ' , ,

The local luperel".\or
A Virgo III cloud,
e Virgo 11cloud
C Cr et e r clouc
o Virgo I cloud
E Leo 11cloud, "
F .. Cane. VeneUcf cloud
o ' Canes Venatic! spur

Our cluster is on the fringe of the Virgo SUPERCLUSTER,
which contains over 1,000 clusters of galaxies.

The most massive superclusters contain millions of gal-
axies.
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Abell 1060 is a typical cluster of galaxies which includes spirals and
ellipticals. They stand out against the general background of galaxies

Beyond our local Supercluster of galaxies, many
others have been identified in recent years. Their
irregular filamentary structures seem to form the
basic skein of the universe" and now still larger
complexes - or SUPER-SUPERCLUSTERS- are be-
ing discovered.

Astronomers can measure distances to clusters of
galaxies billions of light years away. Many galaxies
in clusters are much bigger and more luminous that
our Milky Way and can be seen at these vast dis-
tances. The light takes so long to reach the Earth,
that astronomers are seeing the farthest clusters as
they were before the Sun and its planets were born.
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GALILEO - produced the first telescope

NEWTON - discovered the "Spectrum" using a
prism.
He also developed the three laws of Gravity

Etc. Etc. Etc.

HALLEY - discovered that stars have. motions of
their own. He also discovered the famous
comet and predicted its return every 76 years

HERSCHEL - discovered Uranus

HUBBLE - produced a classification of galaxies,
and developed "Hubbles Law"

EINSTEIN - developed the relativity theories

STEPHEN HAWKING - predicts mini black-holes

There are literally hundreds of other astrono-
mers who have contributed to today's knowl-
edge. Our thanks to them all!

BRENDA KILBY




