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Introduction
Prior Knowledge
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Exercise 1 Prior Knowledge

In small groups discuss the following questions.
How far away are the stars?
How long is it between full moons?
Besides stars, what things are up there in the sky?
What is the “Milky Way”?
What are “falling” or “shooting” stars?
What planets can be seen without using a telescope?
What constellations do you know the names of, and which of these can you identify in the night sky?
What is the zodiac?
Are there any questions that puzzle you and you would like to know the answers to?

Introducing the Sky
13 billion years ago the whole universe was smaller than an atom. Its sudden increase
in size is called the Big Bang. The first atoms began to form 300,000 years after the
Big Bang. At this time the universe was cool enough for electrons to begin circling
protons, and the most common substance in the universe formed: hydrogen, whose
atoms have one electron circling one proton. The first stars formed when gravity
brought hydrogen together about a billion years after the Big Bang. 10 billion years
ago our galaxy was born. Hydrogen gas came together in the big cloud that was our
galaxy and formed stars. Four and a half billion years ago a yellow star formed in one
of the spiral arms of our galaxy, our Sun. In a disk around that star gas, ice and rock
fell together into clumps. These were the planets. Lots of rocky material was attracted
to these planets and they grew in size, becoming our Solar System. Now we are on
planet Earth, orbiting a modest yellow star that is one of 200 billion stars in our
galaxy called the ‘Milky Way’. All the stars you see at night are part of our galaxy.
There are 100 billion galaxies in the observable universe. Our earth takes a year to
travel around the Sun, and spins once on its axis every 24 hours.
The distances are incredible: light travels at 300,000 km/s. A light year is how far it
travels in a year. α Centauri, is 4.4 light years away. The nearest spiral galaxy,
Andromeda, is 2,400,000 light years away. Aldebaran is 68 ly away; Sirius 8.7 ly;
Rigel is 815 ly and the Great Nebula in Orion is 1,500 light years away. We are
seeing back into the past when we look at these objects—when the light started that
has just arrived.
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Exercise 2 Time Line

1. Make a flow chart diagram illustrating the history of the universe as outlined in the
first paragraph above.
2. Write your address in full.

Milky Way, centre in Sagittarius

Typical Spiral Galaxy

Spiral from Edge-On

When you look at the sky at night you will see lots of stars if there is no moon. That is
the best time to get out the telescope and look at faint star clusters, or gas clouds deep
in outer space called ‘nebulae’. If there is a moon you will see only the brightest stars.
That is the best time to identify the imaginary pictures the stars seem to form—the
constellations. As the land on earth is divided into countries, the sky is divided into
areas called constellations. The smallest area goes to our Southern Cross.
When you look towards Sagittarius, near the tail of Scorpius, you are looking towards
the centre of our galaxy, the Milky Way. There is a massive Black Hole there of 2
million solar masses. All the stars you see are part of our galaxy and are in orbit
around it.
The stars are always out there—whether or not the Sun is in the sky. The air scatters
sunlight and appears blue during daytime, hiding the stars from us. The planet Venus,
when it is bright and close to us, can be seen during the day if you know where to
look. The other thing that hides some of the stars from us—half the sky, in fact—is
the earth we are standing on. If you could see through the earth beneath your feet you
would see the stars on the other side of the sky. All the stars, planets, Moon and Sun
seem to be on a great sphere surrounding us called the celestial sphere.
Shooting stars or falling stars are not stars at all. They are tiny pieces of space dust
that collide with the earth’s atmosphere as the earth travels around the sun. When they
burn up in the atmosphere they give out light that makes them look like a star that has
fallen from the sky.
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The stars seem to be fixed on the celestial sphere. The planets move among the stars.
It is always of interest to astronomers when a planet comes close to a star (this lasts
for weeks), or the Moon comes close to a planet (on one particular night). Sometimes
planets come close to each other (over months). When two objects come close to each
other as we look at them it is called a conjunction.

The Night Sky
Positions
Overhead is called the zenith. The point on the sky below your feet, on the other side
of the earth, is called the nadir.
The zenith is 90° above the horizon. A star half-way up the sky would have an
altitude of 45°. A star on the horizon has an altitude of 0°.
You can identify where a star is compared to your local horizon by giving the
direction (north, north-east etc) and how far up the sky it is (altitude degrees).
As the night goes on, the whole sky seems to turn. The sky and everything on it rises
in the East, crosses the North-South line, which is known as the meridian, and sets in
the West. It is really the earth turning the other direction but we do not feel we are
moving because gravity sticks us to the earth and the air, too, is turning with us. The
earth spins once in 24 hours, so a star due East will get half- way up the sky in 3 hours
and be overhead in 6 hours, half- way down to the West after 9 hours and set in the
West after 12 hours. An hour’s movement for that star will be 15°. In 24 hours that
star will move a full 360° and be ready to rise in the East again.
There is a fixed system of coordinates
corresponding to longitude and latitude on the
earth. They are called right ascension and
declination respectively. For example, the right
ascension of Sirius, the brightest star, is 6h 45m
and its declination is –16°43'. The celestial
equator is opposite the earth’s equator on the sky.
It is divided into twenty- four hourly divisions.
That is right ascension. Sirius is 16° South of the
celestial equator. That is its declination.
The north celestial pole is opposite the Earth’s
north pole. The south celestial pole is opposite the
Earth’s south pole. If you were standing at the
South Pole, the sky would seem to spin (in 24
hours) around the point over your head. The sun
would run around the horizon, slightly below for
six months of the year and slightly above for the
other six months. (That is why Alaska is called the
‘Land of the Midnight Sun’. For some months of
the year, the sun never sets. For other months, the
sun never rises.) The stars seem to move in circles
around the celestial poles as the earth spins.

Right
Ascension

Declination

€•

SCP

€•
Southern Hemisphere
NCP
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I Activity 1
Measure your handspan by seeing how many you can get to fit around the
room in a full 360° circle

The ecliptic is the plane of the earth’s orbit, extended out to the celestial sphere.
The star constellations along the ecliptic are the zodiac, or ‘circle of the animals’. If
you were on the sun, the earth and the planets would seem to line up with these
constellations. From our position on earth, the sun and the other planets seem to line
up with them. There are 12 constellations of the zodiac. For purposes of astrology (the
false science of foretelling the future by the movements of the stars and planets) the
sun is in each constellation for one month, but astronomers know that the twelve are
not equal-sized constellations and the sun and planets are sometimes in Ophiuchus,
the Serpent-Bearer, though this is not officially one of the zodiac constellations.

The sun lining up with Sagittarius.

Venus lining up with Gemini
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The South Celestial Pole, around which the sky seems to turn, is always due South. In
Kokopo it is 4°13' above the horizon. In Wewak it is 3°35' above the horizon and in
Mt Hagen it is 5°50' above the horizon. To locate this point, and hence find South, use
the Southern Cross and the two Pointers:
Locating the South Celestial Pole:

How to locate South
Also illustrating how the sky seems to turn around the South Celestial Pole
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Activity 2

1. Get 12 students to hold up each a name of a constellation of the zodiac. Inside, place a person
representing the Sun at centre, and someone for earth going around the sun. Have them move so as to
line up the sun with whatever constellation the lecturer calls out.
2. Match up the 12 constellations of the zodiac with their sigils, or signs: ^ _ ` a b c d e
f g h i. Check the Post-Courier for the dates in which the Sun is supposed to be in that sign.
When the sun is supposed to be in Gemini (according to the dates in the paper), the sun is actually in
Taurus, so the dates are one month out.
3.Locate the four compass directions. Stand facing North. Point to the horizon East. If the Moon or a
star is there, point to where it will be after 3 hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours, 21
hours, 24 hours. Notice how 6 hours is 90°. Point to a star on the North-East horizon. This star will
rise to half-way up the sky in the north after 6 hours. Then it will move down to set in the North-West.
Use two arms and point to stars in the North-East and South-East. Trace their path over the sky until
they set in the North-West and South-West. Notice how the sky seems to roll overhead for us here in the
tropics. The earth beneath our feet is rolling west to east; this makes the sky seem to turn from east to
west, carrying with it the sun, moon, planets and all the stars.
4. To illustrate the seasons, have someone pretend to be the sun (hold a soccer ball?) and stand in the
centre of the lawn. A person pretends to be the Earth and moves around the sun (normally this takes a
year). Tell “Earth” that their head is the northern hemisphere and their legs are the southern
hemisphere. They have to lean their head towards the sun. This is Summer in the northern hemisphere.
Their legs are pointing away, so they get less Sun each day. This is Winter in the southern hemisphere.
Earth moves half way around its orbit. Now the person’s head must lean away from the sun (Northern
Winter) and their legs are leaning towards the sun (Southern Summer). The middle of summer is the
Summer Solstice (December 21, the longest day of the year). The middle of Winter is the Winter
Solstice (June 21, the shortest day of the year). Mid-Autumn is the Autumnal Equinox (March 21) and
mid-Spring is the Spring or Vernal Equinox (September 22).The equinoxes are the dates when the
length of day and night are equal.
When this exercise is done, get with a partner and one person has to explain diagrams A and B below,
followed by that person’s partner who explains diagrams C and D.

A

B

Northern Summer

SouthernSummer

C

D

Southern Autumnal Equinox

Southern Vernal Equinox
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Degrees on the Sky
• From East to West is 180°, because it is half a circle around the whole
sky.
•

From horizon to overhead is 90°.

•

From East to West is 12 hours, because the sky turns, carrying the sun
and stars, that much in 12 hours.

•

The width of the full moon is 1 /2 °. The width of the sun is about the
same.

•

From alpha crucis to beta centauri is 10°.

•

From beta scorpii to delta scorpii is 3°

•

From alpha centauri to beta centauri is 41 /2 °.
From Atlas to Electra in the Pleiades is 1° (the longest distance across
the Pleiades, or Seven Sisters)

•

1°

Mark in the degrees
where indicated.
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Changes over 24 Hours and 12 Months
Refer to the diagrams on p.8. At any given time of day or night, half the sky is
overhead. The other half is hidden by the earth beneath your feet. The sun is in the
sky for roughly 12 hours a day, during which time the stars cannot be seen.
In six months’ time, the earth will be around the other side of the sun. The stars that
cannot be seen at this time of year because they are up during daytime will be visible
at night-time in 6 months’ time.
If you cannot see certain stars or constellations in the evening sky, you might be able
to catch sight of them in the morning sky, before sunrise.
In six months’ time, the morning constellations will be evening ones and the evening
constellations will be morning ones.

Constellations
Naming the Stars
All stars belong to constellations. A constellation is a group of stars that seem to form
a generally recognized picture. Examples are: Taurus, the Bull; Gemini, the Twins;
Crux, the Southern Cross; Musca, the Fly; Corona Australis, the Southern Crown;
Corona Borealis, the Northern Crown.
The bright stars have particular names often coming from Arabic. All stars have
general names consisting of a Greek letter followed by the Latin genitive case of the
name of the constellation they belong to. The brightest star generally has the first
letter of the Greek alphabet, alpha (α). The second brightest is usually beta (β) etc.
Examples: (1) Generic Names
Crux, the Cross

α=alpha; β=beta; γ=gamma; δ=delta; ε=epsilon
γ Crucis

Centaurus, the Centaur

δ Crucis
ε Crucis

β Crucis
β Centauri
α Centauri
α Crucis
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(2) Particular Names
Gecrux

Centaurus, the Centaur

Hadar or
Agena

Becrux or
Mimosa

Rigel Kent
or Toliman

I

Acrux

Activity 3 : ‘Memory’

1. Copy the Greek alphabet and learn the symbols and their names.
To help memorise the names, play a game of ‘memory’. A set of cards is placed face
down on the table, arranged neatly. A second set of cards contains the Greek letters
and their names. They are arranged face down and set out neatly in rows and columns.
When you turn over a card, leave it face up on the table. Do not remove it from its
place or hold it in your hand. Take turns to turn over one card from each group. If
they match, you keep the two cards and have an extra turn. If they do not match, they
are turned face down and the next player has a turn. The player with the most cards
wins.
2. Learn the constellations with a similar game. It is best if you make the cards. In
fact, it makes a very good assignment to produce two sets of cards.

δ

δ

delta
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Make two sets of cards to play the constellation memory game. One set looks like the
card on the left; the other set has cards like those on the right.

Crux
@
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Exercise 3 Studying the ‘Star Charts’ booklet
In which constellation is the star cluster called “Praesepe”, the Beehive?
In which constellation is Regulus, also called ‘Cor Leonis’?
Which constellation looks like a quadrilateral with one side extended?
Which constellation contains two open clusters (M6 and M7) and two globular
clusters (M4 and M80)?
Which constellation contains a Great Square?
Which constellation has two ears, with the stars at the tips called kappa and lambda?
What shape is the open cluster called the Hyades?
What does the name ‘Hyades’ mean?
Which constellation contains the remains of a star that exploded in 1054 AD and what
is its name?
What colour is the star Betelgeuse?
Which constellation contains the open cluster called the Pleiades, or Seven Sisters?
If you followed the line of Orion the Hunter’s belt, what star would you come to?
Which star might be the star for Xena, the Warrior Princess?
in which constellation is the Ring Nebula?
Which saltwater creature is narrowly missed by Sagitta, the Arrow?
What small constellation is south of Crux, the Cross?
Which large open cluster contains a double star called Theta?
What colour is the star whose name means ‘armpit of the central one’?
How far away, in light-years, is the star whose name means ‘the Giant’s leg’?
In which constellation is there a star that is actually 6 stars, composed of 3 binary
stars?
What is the brightest star in the sky?
Which constellation contains a group of stars known as the ‘Sickle’ (curved grass
knife)?
Which star’s name means ‘The Rival of the God of War’?
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25.
26.
27.
28.
29.
30.
31.
32.
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37.
38.
39.
40.
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Which constellation contains two double stars, delta and mu?
Where is Job’s Coffin?
What colour is the star at the top of the Southern Cross?
Where would you find the Great Nebula and how far away is it?
Where would you find the small, pretty cluster called ‘The Jewel Box’?
Where are the two stars called Shaula and Lesath?
Which cluster looks like a butterfly with wings?
What two shapes make up the constellation of Lyra, the Lyre?
What group of stars do the stars Altair, Tarazed and Alshain make?
What is the finest example of a globular cluster in the heavens called?
What colour is Aldebaran, the brightest star in Taurus the Bull?
How many stars can most people see in the Pleiades, or Seven Sisters?
What constellation is made up of a single line connecting alpha and beta?
Which constellation has a large right-angled triangle in it?
Which constellation is chased by Corvus the Crow?
Near which very bright star is the globular cluster M4?
Which assistant gave his own name to two stars in 1814?

Exercise 4 Imagining the Constellations
Study each constellation picture in turn. After you have looked hard and long
at one of them, go to the second set of diagrams and try to put in the lines from
memory. See how many you can draw lines for without having to go back to
the answer.

@

Activity 4 Constellation Myths
After reading a story from the Readings on constellation myths, make up a
multiple choice question to ask your partner. To make it simple, keep to two
choices. For example, “In the story of Leo, was Thisbe the boy or the girl?”.
Keep a record of who gets the most answers correct. Remember to try to make
each of your choices equally believable.
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The Solar System
The Solar System consists of:
•

the Sun (our star),

•

the Planets (two kinds, the terrestrial planets and the gas giants),

•

Asteroids (the rocks orbiting between Mars and Jupiter),

•

Comets (dirty, icy snowballs that live beyond Pluto and occasionally fall
towards the Sun and develop tails), and

•

Meteoroids (dust particles in solar orbit, many following in the trails of
comets).

The orbits of the planets are elliptical. All of the orbits are roughly in the same flat
plane, although Pluto’s orbit is tilted at 17° compared with Earth’s orbit. Mercury’s
orbit is tilted at 7° and the Moon’s orbit is tilted at 5°.
Asteroids
Asteroids are the rock garden between Mars and Jupiter. They are also called ‘Minor
Planets’. They are rocks left over from the formation of the solar system that never
joined together to form a planet. The gravity of the massive planet Jupiter made sure
of that. The largest is Ceres, about 1000km in diameter. On Feb 14, 2001, NEAR1
Shoemaker (“Near Earth Asteroid Rendezvous”) space probe landed on asteroid Eros
after orbiting it for 18 months and sending us thousands of pictures. About 100 000
asteroids can be seen from earth, most being under 1km in diameter. Asteroid Ida
actually has a satellite, Dactyl, discovered by space probe Galileo in 1993. An
asteroid that collided with Earth 65 million years ago killed the dinosaurs.
Comets
Comets are asteroids with frozen gas and ice shells and a tail when near the Sun. They
come from the extreme cold of the outer solar system, beyond Pluto. Every so often
one falls inward toward the sun, slingshots around the sun and shoots off back into
outer space. Some return periodically. Hale-Bopp, seen in 1997, will return in 2,400
years. Halley’s comet is the most famous (every 76 years). The ice vaporizes when
close to the sun, and the solar wind blows it into a long tail (actually 2 tails, a dust tail
and an ion tail). Comets leave dust trails. The earth passes through many each year
and we see more falling stars than usual. About once every 10 years a great comet
appears. Most come to us from an area called the Edgeworth-Kuiper belt beyond
Pluto. The long-period comets like Hyakutake and Hale-Bopp come from a region
even further away — 2 light-years, half way to the nearest star—called the Oort
Cloud.
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Meteoroids
Meteoroids are bits of dust and grains of rock the size of pinheads. They burn up in
the upper atmosphere 60–120 km up and we see them as ‘falling stars’. When they
burn up they are called meteors. The meteors we see come from the earth passing
each year through the same dust trails left by comets. If you draw their trails on a star
chart they seem to come from a point in some constellation. If the place they seem to
come from is in Leo, the meteors are called Leonids. If they come from Taurus, they
are called Taur ids etc. They are called meteor showers. The best are the Geminids in
December the Perseids in August that produce about 1 per minute. The fastest are the
Leonids (71 km/s). If the dust is just sitting there in space as the earth sweeps it up it
travels at 11 km/s. A bullet from a gun travels at about 1 km/s. Some leave trails of
different colours; others may explode. Fireballs can be as large as the Sun or Moon
and may produce noise like thunder. More falling stars are seen in the morning sky
than in the evening sky (the earth’s rotation sweeps them up) and they are best seen
when there is no moon.

I

Activity 5
Jigsaw the above three paragraphs. Teams of 3 are formed. Person A studies
Asteroids, Person B Comets and Person C Meteors. Split up to do the study.
Return to the groups of 3 and in a minute or two each, teach the others in your
group about your specialty. Separate and your lecturer can give you a short
quiz. Put your scores together to find how well your group performed.

The Moon
The Earth-Moon system is almost like a double planet. The Moon is over a quarter the
size of Earth. The Moon always keeps the same side facing us. (It has a captured
rotation.) The near side has two types of land:
•

The highlands are the bright areas with lots of craters

•

The darker, smoother areas are called maria or lunar seas and consist of old
lava flows.

Apollo 11 astronauts were the first to land on the Moon. The first landing was on July
20, 1969; the last was in December 1972. The Eagle touched down in Mare
Tranquillitatis (the Sea of Tranquillity). Because there is no air on the Moon the
United States flag planted by Neil Armstrong had to be bent with wire to give it the
appearance of flapping. The lack of air means the sky is always black and the stars
can be seen in the same sky as the Sun.
Although there is no air, Lunar Prospector in 1999 discovered water ice in some
craters at the South Pole that were always in shadow. There seems to be ice in some
craters at the North Pole, too.
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Walled formations called craters are of two kinds:
•

Impact craters (recognised by a mountain peak in the centre — this was the
splash made by a rocky asteroid that collided with the Moon in the early days
of the solar system. It melted the rock and the surface splashed like mud that
comes up when you drop in a small stone. — and rays that are splash marks
across the Moon). The most famous ray system is that of crater Tycho in the
South-West.

•

Volcanic craters (no central peak)

The best time to observe the Moon is when it is a thin crescent. The shadows of the
mountains are longest and you get a better idea of height and depth than at full moon,
when the features are too washed out by brightness.
If the Moon were like the fixed stars, it would rise, like the stars, at almost the same
time each night. You may think of it as a ‘lazy moon’ — it gets up one hour later each
day.
The theory for how the Moon formed that is thought to be true is the impact theory.
Some object the size of Mars collided with the Earth and smashed a lot of rocks from
the Earth. These came together under gravity to form our round Moon.

IActivity 6
Write the names next to the numbers on the feature map of the Moon, or make
a copy of the map with features labelled.
Maria

Montes (Mountains)

North:
1- Mare Frigoris (Sea of Cold)
2- Mare Imbrium (Sea of Rains)
3- Sinus Aestuum (Bay of Seething)
Northeast:
4- Sinus Medii (Bay of the Center)
5- Mare Vaporum (Sea of Vapors)
6- Mare Serenitatis (Sea of Serenity)
7- Mare Tranquillitatis (Sea of Tranquillity)
8- Mare Crisium (Sea of Crises)
17- Lacus Somniorum (Lake of Sleep)
18- Palus Somnii (Marsh of Sleep)
19- Mare Anguis (Sea of Snakes)
20- Mare Undarum (Sea of Waves)
Southeast:
9- Mare Fecunditatis (Sea of Fecundity)
10- Mare Nectaris (Sea of Nectar)
21- Mare Spumans (Sea of Foam)
Southwest:
11- Mare Nubium (Sea of Clouds)
12- Mare Humorum (Sea of Moisture)
13- Mare Cognitum (Known Sea)
22- Palus Epidemiarum (Marsh of Diseases)
West:
14- Oceanus Procellarum (Ocean of Storms)
Northwest:
15- Sinus Roris (Bay of Dew)
16- Sinus Iridum (Bay of Rainbows)

Northeast:
23- Montes Alpes
24- Vallis Alpes (Alpine Valley)
25- Montes Caucasus
26- Montes Apenninus
27- Montes Haemus
28- Montes Taurus
Southeast:
29- Montes Pyrenaeus
Southwest:
30- Rupes Recta (Straight Wall)
31- Montes Riphaeus
Northwest:
32- Vallis Schröteri (Schröter's Valley)
[Northwest of Crater Aristarchus, 73, and North
of Crater Erodotus]
33- Montes Jura

Craters
Northeast:
34- Crater Aristotle [on the East part of Mare
Frigoris, 1] (96km diameter)
35- Crater Cassini
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Crater Eudoxus (64km)
Crater Endymion (125km)
Crater Hercules
Crater Atlas (88 km)
Crater Mercurius
Crater Posidonius (100km)
Crater Zeno
Crater Le Monnier
Crater Plinius
Crater Vitruvius
Cráter Cleomedes (125km)
Crater Taruntius
Crater Manilius
Crater Archimedes (80km)
Crater Autolycus (38km)
Crater Aristillus (56km)

61- Crater Pitatus
62- Crater Schickard
63- Crater Campanus
64- Crater Bulliadus
65- Crater Fra Mauro (80km)
66- Crater Gassendi (88km)
67- Crater Byrgius
68- Crater Billy [Mons Hansteen is to the North
of Crater Billy] (51km)
69- Crater Crüger
70- Crater Grimaldi (192km)
71- Crater Riccioli (160km)

Southeast:
52- Crater Langrenus (133km)
53- Crater Goclenius (51km)
54- Crater Hypatia
55- Crater Theophilus (103km)
56- Crater Rhaeticus
57- Crater Stevinus
58- Crater Ptolemaeus (147km)
59- Crater Walter (144km)
Southwest:
60- Crater Tycho (87km)

Northwest:
72- Crater Kepler (35km)
73- Crater Aristarchus [Crater Herodotus is
West of Crater Aristarchus] (37km)
74- Crater Copernicus (90km)
75- Crater Pytheas
76- Crater Eratosthenes [near the
Southwestern extreme of Montes Apenninus,
26] (61km)
77- Crater Mairan
78- Crater Timocharis
79- Crater Harpalus [Crater Pythagoras is
North of Crater Harpalus]
80- Crater Plato (96km)

Landing Sites
Apollo 11 (July 20 '69) [Southwestern extreme of Mare Tranquilitatis, 7]
Apollo 12 (November 19 '69) [Northern extreme of Mare Cognitum, 13]
Apollo 13 (April 13 '70) [could not land North of Crater Fra Mauro, 65]
Apollo 14 (February 5 '71) [North of Crater Fra Mauro, 65]
Apollo 15 (July 31 '71) [Northern extreme of Montes Apenninus, 26]
Apollo 16 (April 21 '72) [between Craters Theophilus and Hipparchus, 55 and 56]
Apollo 17 (December 11 '72) [Southern extreme of Montes Taurus, 28]
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Andrés Valencia, Observatorio ARVAL, http://www.arval.org.ve
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Exercise 5 Moon Questions

1. When and where did astronauts first land on the Moon?
2. How many weeks (approximately) are there between new moons?
3. What did the Romans and the Greeks call the Moon?
4. What do the words waxing and waning mean?
5. What does the fact that the Moon rotates synchronously with the Earth
mean?
6. Which radar space probe confirmed that there is water ice on the Moon in
some deep south polar craters?
7. What effect is caused mainly by the Moon’s gravitational pull on the Earth’s
water?
8. Which areas on the Moon are oldest, the highlands or the lowlands?
9. What are the low-lying areas of old lava flows called?
10. Which areas are the brightest, the highlands or the lowlands?
11. Which theory is generally accepted as true for how the Moon formed?
12. What is the dust on the surface called?
13. How far away is the Moon from Earth?
14. By how much is the Earth’s rotation being slowed down by the Moon?
15. Is the far side of the Moon dark?

Planets
Origin of the Solar System
The Solar System formed out of the remains of a previous generation star that
exploded in a supernova. Our Sun may even be a third-generation star. The heavy
elements (lead, uranium etc) are only formed in supernova explosions.
4,600 million years ago a lump formed in the clouds of dust and gas in our part of the
Milky Way. Its gravity pulled more of the cloud into its core.
As the core’s mass became greater, it became hotter and brighter. When it reached
3 million ºC, nuclear reactions started. An early Sun was born.
A rotating disk of gas and dust formed around it. It feeds into the Sun. Within it, dusty
lumps called planetesimals form.
The planetesimals frequently bumped into each other and formed larger and larger
lumps—the planet cores.
Far from the Sun the disk of gas and dust also contained ices. Planets forming out
there grew much faster than in the inner regions. Eventually they became large
enough to attract gas also and grew rapidly into the gas giant planets, each with its
own small satellites.
In the inner regions, rocky planetesimals combined through collisions, but could not
gather ices or gas. They become rock and metal planets.
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The Terrestrial Planets

Mercury is full of craters, and resembles our Moon. It has no
atmosphere. It rotates once every 59 days, which is long enough for
the side facing the Sun to warm up to 430° and the side facing away
from the sun to freeze at –170°C. It is always seen close to the Sun,
either just after sunset or just before sunrise. There is water ice in
some of the craters near the poles that are always in shadow.
Venus has such a thick atmosphere that it has too much
Greenhouse Effect. Like a car with the windows up on a
hot day, heat from the sun gets in but cannot get out.
The surface temperature is 480°C (the hottest planet).
The atmosphere is so thick that it has the same weight
as being a kilometre under the ocean. The cloud cover
makes the planet the most shiny in the solar system, one
reason why it is so bright in our night sky.
Earth has just the right amount of Greenho use Effect. Volcanic gases coming from the
collision of plates in the crust have provided us with just the right amount of carbon
dioxide. Liquid water and just the right amount of sunlight make it just right for life.
Mars is a dry, rocky, desert planet. Its red colour comes from iron
oxide. Mars has conditions closest to Earth. Unfortunately it has
no plate tectonics—so there was not enough volcanic activity to
keep up the supply of carbon dioxide. This meant there was not
enough Greenhouse Effect to allow Mars to keep its atmosphere
and water. Its atmosphere is very thin (like our air at 30km). (Mt
Everest is 8km high, and oxygen bottles have to be carried by
climbers.)
The Asteroid Belt
The Asteroid Belt lies between Mars and Jupiter.
Most are less than 1km in diameter and about
100,000 of them have been seen using Earth-based
telescopes. It is believed that Jupiter, with its great
gravity, kept pulling them apart so that they were
unable to ever form into a planet.
The Gas Giants
The largest planet is named after the king of the Roman gods,
Jupiter. It is 318 times the mass of earth. You cannot land on
Jupiter because it has no land. It is almost all atmosphere. The
Great Red Spot is a storm that has been raging for at least 300
years. The four Galilean moons of Jupiter, Io, Europa,
Ganymede and Callisto, were the first objects that were
proved to be orbiting something else in the solar system at a
time when people believed everything went around the Earth. They were discovered
by Galileo.
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Saturn has a ring system that is easily seen with a small telescope.
The rings seem to disappear when they are tilted edge on, because
they are so thin. It is like a smaller Jupiter (95 times the mass of the
Earth).
Uranus rolls around the solar system. Its axis is
pointing towards the Sun. It appears green in
photographs and can just barely be seen by
the naked eye.
Neptune is blue in colour because of its
methane atmosphere. It has the fastest
winds in the solar system, 2000 km/hr.
Large spots called ‘scooters’ appear and disappear at random.
Pluto is so tiny that
some astronomers do not consider it to be a
planet. It may be a captured comet. We
know little about Pluto. Being so far from
the sun it is probably 70% rock and 30%
ices. It has a moon, Charon, which is half
the mass of Pluto.

@

Exercise 6 Planet Research

Study of the planets can be done using the technique called ‘Jigsaw’. In groups of 4,
each student studies one of the planets Mercury, Venus, Mars, Pluto. (On another
day, each studies one of Jupiter, Saturn, Uranus and Neptune.) Allow some minutes
for each to teach the others in the group about their planet. Then, working separately,
students take the following test, gaining points for their group for the ones they get
right.
Mercury, Venus, Mars and Pluto Questions
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

What other solar system object has a surface similar to Mercury’s?
What Effect has made Venus so hot?
What substance makes the surface of Mars so red?
Which planet was the last to be discovered, in 1930?
What gas makes up most of the atmosphere of Venus?
On which planet would you find Olympus Mons, the largest mountain in the Solar System?
Which planet is seen close to the horizon just after sunset or just before sunrise?
What is the name of Pluto’s one and only moon?
Where is the water ice on Mercury located?
What feature of Venus makes it so reflective of sunlight (shiny)?
What did the young planet Mars not have enough of to supply carbon dioxide to keep the
planet warm and keep its water?
If Pluto is too small to be considered a real planet, what could it be?
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Jupiter, Saturn, Uranus and Neptune Questions

1. How many years does it take Jupiter to orbit the Sun? Is it 5 years, 6 years, 12 years or 18
years?
2. Is the density of Saturn greater or less than that of Jupiter?
3. Which direction does Uranus’s axis point, at 90° to the plane of the Solar System or in the flat
plane of the Solar System?
4. Which Spot is Neptune famous for: the Great Red Spot, or the Great Dark Spot?
5. What name is given to the small white cloud that flies around Neptune every 16 hours or so?
6. Which planet will be visited by space probe Cassini in 2004?
7. Which two gases make up most of the atmosphere of the Gas Giants?
8. How many moons of Jupiter can be seen with a small telescope?
9. How thick are Saturn’s rings?
10. What is the name of Saturn’s largest moon?
11. Which planet is the brightest out of Jupiter, Saturn and Uranus?
12. In which direction will the rings of Saturn be to us in 2009 — full face on or edge on?

Special Events
Phases of the Moon
Crescent moons are seen
when most of the sunlight
is on the far side of the
moon. A little creeps
around the curve so we
can see it. The crescent
moon is never far from the
Sun (less than 90°).
Most of the sunlight is on
our side of the moon when
we see a gibbous moon.
The gibbous moon is
almost opposite the Sun
(more than 90° and less than 180° to the Sun).
Quarter Moons are at 90° to the Sun. The Full
Moon is always opposite the Sun (180°).

€•
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I Activities 7— Moon
Face East and imagine it is dawn (6am) and you are standing looking up at the Moon
above you. With one hand point to the Sun; with the other make a fist above you for the
Moon. Which side of the Moon is lit up? When the Moon rises tomorrow night, it will be
one hour later in rising. Point to where it will be at 6am tomorrow (one hour closer to the
eastern horizon — not above you this time). It will be a thinner crescent because the
Moon is closer to the Sun. The day after — move your fist closer to the Sun — it will be
an even thinner crescent. The Moon is waning (getting thinner). Keep your Sun finger
pointing East. When the Moon is also East it will be New Moon. There might be an
eclipse of the Sun by the Moon. Probably the Moon will be close to the Sun but not
exactly in line. Now return to your first position of Last Quarter with the Moon above you
and the Sun rising in the East. Let the Sun rise! As the hours go by, the Sun and Moon
will keep at 90° apart, with both the Sun and the Moon travelling towards the West.
Repeat the drama for First Quarter. This time the Sun will be in the West and the Moon
overhead at Sunset. When the Sun sinks below the horizon the Moon will follow it and set
6 hours (90°) later, at midnight.
Point to the Sun and Moon for Full Moon. (They are on opposite sides of the Earth.).
Point to the Sun and Moon for Gibbous Moon. (Sun and Moon are between 90° and 180°
apart — spread your arms wide to make an obtuse angle.). If the Sun is on the Eastern
horizon (dawn) and the Moon is nearing the Western horizon, the next night the Moon
will be closer to the Sun (remember, we have a lazy Moon; it is one hour later every
night). It is waning, approaching last quarter. These Moons are in the sky in the morning
hours. The waxing Moon (getting bigger) is seen in the evening sky, but rising one hour
later every night.
2.

The diagram above shows two people looking at the crescent Moon. Draw similar
diagrams for Quarter Moon and Gibbous Moon, Full Moon and New Moon. Remember a
Quarter Moon is 90° to the Sun; Gibbous >90°; Full Moon 180° and New Moon is
roughly in line with the Sun (0°).

3. Demonstrate the phases of the Moon by having a ball hung from the ceiling with a string.
Shine an overhead projector onto the ball. Walk slowly around the ball and see how much
of the ball is lit up. Notice your angle to the Moon and Sun. Be careful when it’s New
Moon: you’ll be looking directly into the light of the projector! The Moon will appear
dark.
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Conjunctions and Occultations
Conjunctions are when things come close to each other in the sky, such as a conjunction of
the Moon and Venus. If a planet is in “conjunction” and it is not stated with what, it means
the planet is in line with the Sun. You won’t see it at these times. Inner planets can line up
with the Sun by being on the far side of the Sun (superior conjunction) or between us and the
Sun (inferior conjunction). Outer planets are always on the far side of the Sun.

E

E

Inferior Conjunction
(Mercury, Venus)

E

Superior Conjunction
Conjunction
(Mercury, Venus)
(Mars, Jupiter, Saturn)

IActivities 8 — Relative Positions of the Planets
Get in groups of 4. Have cards saying VENUS, EARTH, SUN, JUPITER. Your leader
will call out something like “Superior conjunction of Venus!” For that call, Venus,
Earth and Sun will form up in a line as shown by the middle diagram above. (Jupiter
can take a rest.) Your leader can use any of the following calls in any order and may
repeat some:
Jupiter in conjunction with the Sun!
Venus at Superior Conjunction!
Jupiter at opposition!
Venus at Inferior Conjunction!
Venus at Greatest Elongation East!
Venus at Greatest Elongation West!
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Morning and Evening Star
The inner planets, Mercury and Venus, always appear fairly close to the Sun when we
look at them in the sky. Venus swings further away from the Sun than Mercury does.
Mercury is always closely tied to the Sun. If they are close to the Sun
you can’t see them unless the Sun is out of the way. Look for them
just after sunset (when the Sun has gone, but the planet hasn’t set yet
— that will be in the West) or just before sunrise (when the planet has
come up, but the Sun hasn’t come up yet — that will be in the East).
When Mercury or Venus are seen before sunrise they are called
“morning stars”. When they are seen after sunset they are called
“evening stars”.
In between being a morning star and being an evening star,
the planet will have a conjunction when it is in line with the
Sun.
Elongation
Mercury and Venus, when they are furthest from the Sun as
we look at them, are said to be at elongation. That’s the time
they are best seen (certainly for Mercury).
E

Eclipses

Eclipses are to do with shadows. If the Earth’s shadow falls on the Moon and the
Moon goes dark it is a lunar eclipse. If the Moon hides the Sun so we are in shadow it
is a solar eclipse.
If a famous actor is acting on stage and you, an unimportant actor, walk in front of
them so that everybody in the audience notices you and not the famous actor, for a
few moments you have eclipsed the famous actor. In theatre it is also called
‘upstaging’. You should n’t do it. Never get in front of the star! When the Moon
eclipses the Sun, that it what it is doing — getting in front of the star, the Sun.
Sometimes the Moon only covers part of the Sun. This is a partial solar eclipse. If the
Moon covers all of the Sun it is a total solar eclipse.
Shadows have two parts: a dark centre of total shadow
called the umbra and a grey edge, which can be quite
wide, of partial shadow called the penumbra. Eclipses
of the Moon only occur at Full Moon. They make the
Moon become a crescent for an hour or two.
Penumbral eclipses are not really worth watching, so
they say, but umbral eclipses are very interesting because you can imagine the Sun
beneath us throwing the Earth’s long shadow up through space until it hits the Moon.
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Opposition
Mercury and Venus are the inner planets; Mars, Jupiter
and Saturn are the three outer ones we can easily see with
the naked eye. Opposition happens for outer planets.
When Mars, Jupiter or Saturn are opposite the Sun they
are at opposition. That means that when the Sun is rising
in the east, they will be setting in the west. When the Sun
is setting in the west, they will be rising in the east. At
midnight, when the
Sun is beneath our
feet, they will be
overhead.

E

Opposition is when they are closest to us, so they
will be at their brightest.

IActivities 9
Hold your thumb at arm’s length and move it so that it approaches various distant
things, such as the door, a tree or window. Describe these “conjunctions” to your
partner. When your thumb passes in front of something say “the door knob is having
an occultation” or “the door knob is being eclipsed by my thumb”. A distant person
might have their head eclipsed.
Move around and stand opposite various people and objects. Announce, “Michael
and I are at opposition” or “the door and I are at opposition”.
Look at a person pretending to orbit someone who is the Sun. When they get furthest
from the sun announce “Mary is at greatest elongation east” or “John is at greatest
elongation west”.
To demonstrate the shape of orbits, take a strong torch and shine it close to a piece of
paper or on the chalkboard.. Tilt the torch slightly: the outline of the beam on the
paper is an ellipse, like a planet’s orbit. Tilt it more: the ellipse is more stretched, like
a periodic comet’s orbit. Tilt it further: the ellipse opens out to reveal a parabola.
This is like the orbit of a non-returning comet or the path of a ball thrown into the air
as it rises and returns to earth. Tilt it further and the orbit becomes a hyperbola. This
orbit is like a space object that misses earth and zooms off into outer space.

Meteors
There are times when the earth passes through trails
of space dust left by comets. More meteors are seen
at these times. They are best seen after midnight,
when the earth “scoops” them up. The date/s of
maximum intensity are the best days to look. Some
give only 3 or 4 per hour, some reach over the
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hundred (one or two every minute). You can never be too sure how many you will
see. If the moon is up you won’t see many. Meteors in meteor showers seem to come
from the same point in the sky. Where that point is located gives the shower its name
(e.g. Geminids, Orionids, Leonids). It is called the radiant.
Under dark skies (no moon) an average of 5-10 sporadic meteors can be seen per
hour. These are random meteors that do not belong to a meteor shower. More meteors
are seen in the morning sky. The morning sky faces the way the Earth is travelling
through space.

IActivity 10
Hold a meteor watch (no moon!). Lie flat on your back on a mat in some place where
the sky is not hidden behind buildings or trees or hills. Count meteors and plot their
paths on a circle that represents the sky. Mark compass points N, S, E and W around
your circle.

Deep Space
Stars
Stars fall into three categories:
1.

Main Sequence
•
•
•
•

2.

Giants and Supergiants
•
•

3.

95% of all stars
These are adult stars
Hydrogen fuses to Helium (H? He) in the core.
The most heavy stars are blue, the lightest-weight ones are red.

Less than 1% of all stars
Near the end of their life

White Dwarfs
•
•
•

They can be any colour from blue?to ?
r ed
They are dying stars that no longer burn with nuclear reactions
1 star in 20
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Examples of giants:
•
•
•

γ Crucis
Aldebaran
Arcturus

(‘gacrux’, M type red; mag. 1.63; 88 light years distance)
(α Tauri; K-type orange; mag. 0.85; 68 ly)
(α Bootis; K-type orange; mag. -0.04; 36 ly)

Examples of supergiants:
•
•
•
•

Antares
Betelgeuse
Rigel
Canopus

(α Scorpii; M-type red; mag 0.96; 400 ly)
(α Orionis; M-type red; variable mag. 0.50; 650 ly)
(α Orionis; B-type blue; mag. 0.12; 815 ly)
(α Carinae; 2nd brighest star; mag. -0.72; F-type; 180 ly)

Hubble Space Telescope photograph of the star Betelgeuse. Photographing
the star was like photographing car headlights from a distance of 9,600
kilometres.
Colours
Seeing colours
The eye needs more light to detect colour than it does to see grey and white. The light
from most stars in insufficient to activate the cone cells at that back of the eye. Most
of them only activate the rods, which detect brightness but not colour. That is why
most stars, many of which actually do have colours, do not appear coloured.
What makes them coloured
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The colour of a star indicates its temperature. The rainbow has colours red, orange,
yellow, green, blue, indigo and violet. The red end is low energy; the blue end is high
energy. So the hottest stars are blue, and cool stars are red. There are no green stars
because stars giving off green light are also giving off all the other colours (green is in
the middle of the rainbow) and that makes such a star appear white.
Spectral Types
Light from stars is broken up into its colours and analysed. The spectrum of a star can
tell us what the star is made of, the speed of the star compared with Earth and how
fast it is spinning. The colour tells us the temperature. Blue light has more energy than
red light, so blue stars are the hottest. Stars are classified this way:
O

Blue

B

Blue

A

White

F

Yellow-White

G

Yellow

K

Orange

M

Red

There are also now the ‘colder’ star classes L and T. The classes are subdivided into
ten subclasses (1 to 10) and these are split even further.
The mnemonic to help you remember is Oh Be A Fine Girl(Guy) Kiss Me!
What makes a star form as a hot star or a cold one?
Stars condense out of gas clouds called nebulae. Big stars form out of big nebulae.
Small stars form out of small nebulae. Big stars become hot stars. Small stars become
cool stars.
Main Sequence Spectral Classes
Type O

Most massive stars
x16 to x100 solar masses
x1000 brightness of the sun
burn out in 30 000 000 years (not enough time for life to develop)
rare

Type B

Examples: Regulus (α Leonis), Achernar (α Eridani)
x2.5 to x16 solar masses
too short a lifetime for life to develop on planets (100 million years)

Type A

Examples: Sirius (α CMa), Vega (α Lyr), Altair (α Aql), Fomalhaut (α
Pisces Astrini)
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x1.6 to x2.5 solar masses
1 billion years lifespan (still too short for earthly life to develop on a
planet)
Type F

Example: Procyon (α Canis Minoris)
x1.1 to x1.6 solar masses
A planet nearby could have life (the lifespan of the star exceeds the time it
took life to develop on earth)

Type G

Examples: Sun; Rigel Kent (α Centauri)
x0.9 to x1.1 solar masses
4% of all stars are type G

Type K

Examples: ε Eridani (epsilon Eridani)
60% to 90% of the sun’s mass
9% of all stars are type K

Type M

Examples: Proxima Centauri; Barnard’s Star; Wolf 359, Lalande 21185
Also called Red Dwarfs
8% to 60% of the sun’s mass
80% of all stars are type M.
None is visible to the naked eye.
Because these stars are so cool, to be warm enough a planet would have to
orbit closer than Mercury. This would make the planet have a captured
rotation (one side always facing the sun), so one side would be too hot, the
other side too cold, for life.
Also, great flares of radiation come from these stars (they’re not too
stable), which would fry any life that developed. They live long because
they burn so slowly.

Brown Dwarfs
The first Brown Dwarf was only discovered in 1995 (Galiese 229B). It
was found orbiting a red dwarf (Galiese 229) at a distance of 19 light
years. There are no nuclear reactions in these ‘stars’. Any light comes from
gravity alone. They turn from red to black as they age.
How Stars Form
Gravity pulls gas, which is mostly hydrogen, together. The more it pulls, the more the
gas is squeezed. This makes it get hot.
Once a core has formed, it pulls more gas in and becomes bigger. Lastly any dust
further away is pulled in, and begins to swirl around the star and flatten into a disk.
The disk of dust and gas forms planets.
At first the star makes light from the gravitational energy of falling gas (just as we get
electricity from moving water in a hydro). These stars range in age from half a million
to 3 million years old. Then the core heats up as the star contracts and nuclear fusion
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starts to take place. This is the nuclear reaction that powers the Sun and most other
stars. The star is then a Main Sequence star.
The core of a star must reach 10 000 000°C before nuclear reactions start to occur.
Normally hydrogen nuclei—protons—don’t like each other, but if the temperature is
really hot they are moving with so much energy they get really close to each other
and discover they really do like each other. They release a lot of nuclear energy and
join into a helium nucleus. Our Sun converts 600,000,000 tonnes of hydrogen to
helium each second. Also of interest is how light is produced. Nuclear reactions
release energy as gamma rays and X-rays. These high energy, high frequency forms
of light are created in the core. They are reabsorbed, re-radiated, reabsorbed, reradiated countless times before they finally reach the surface. By this time they have
lost enough energy to become visible light. The typical gamma ray may take 30,000
years to get from the core to the surface.
What gives a star its size?
Two forces operate: gravity squeezes the star smaller, but the more it gets squeezed
the more it heats up. Hot gas wants to get bigger. A balance is reached where the
gas pressure outwards balances gravity inwards and the star stays that size.
Hot gas expands.
Gravity pulls inwards.

Massive stars have more gravity, so they become hotter.

Nebulae
Nebulae are the gas cloud s in space in which stars form. (nebula means cloud).
The interstellar medium is 99% gas and 1% dust.
Interstellar hydrogen comes in two kinds: individual hydrogen atoms (2 /3 of all
hydrogen in the universe) and molecular hydrogen (H2 ). Atomic hydrogen clo uds are
too fluffy to collapse into stars. Stars only form from molecular hydrogen gas clouds.
A molecular cloud might span a hundred light- years.
Nebulae that glow red are emitting their own light from ionized hydrogen. Nebulae
that appear blue do so because they reflect light from new stars forming within them.
About 90% of the galaxy’s molecular hydrogen lies closer to the Galactic centre than
the Sun. Most stars, therefore, form in the inner Galaxy.
Our Galaxy produces about 10 new stars each year, Andromeda only one.
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Examples of Nebulae:
The California nebula, The Lagoon nebula
The Horsehead nebula in Orion
The Great Nebula (M42) in Orion (the nearest to us at 1500 l.y.)
(The new stars that make it glow are called the Trapezium)
The Trifid Nebula in Sagittarius (Dust lanes carve it into 3 parts.)
The North American Nebula
The Cone Nebula, The Seagull Nebula, The Witch Head Nebula
The Flamingo Star Nebula
Eta Carina nebula (the remains of an 1843 supernova explosion)
The Coal Sack nebula (a dark nebula close to α and β Crucis)
The Eagle Nebula in Serpens
In the Eagle nebula, ultraviolet UV rays from the new stars attack the gas and have
driven it into long pillar shapes.

The Eagle Nebula – Hubble Space Telescope

Orion Nebula (Hubble S.Tel.)

Star Death
Main Sequence stars all burn hydrogen into helium in their cores. Sooner or later, all
the hydrogen is used up. What happens then depends on the star’s mass.
The smallest stars , like Proxima Centauri, live for a million million years. That is far
longer than the universe has existed. These stars slowly contract, heat up and
brighten. The red star will turn orange, then yellow, then cool and fade turning orange
and red again, and eventually black.
The Sun (and stars between 0.2 and 8 solar masses such as Sirius and Regulus)
evolve differently. When the sun runs out of hydrogen in its core, it will start burning
hydrogen in a shell around the core. This will happen in about 6 billion years. The
shell will expand and the Sun will grow larger than Mercury’s orbit.
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The shell makes helium, which adds to the core until the core becomes heavy enough
to catch fire and helium then starts to join into carbon and oxygen. The star becomes a
yellow or orange giant.
As the core fills up with carbon and oxygen, helium burns in a shell. The star
becomes a red giant again and may pulsate, expanding and contracting like a heart.
The star Mira, which means wonderful, is such a variable star. It becomes bright and
dims every 11 months.
Finally the red giant completely throws off its atmosphere into space. Through a
telescope it looks like a planet’s disk, so it is called a planetary nebula (examples, the
Ring Nebula in Lyra; the Dumbbell Nebula in Vulpecula. This sudden increase in
brightness makes it a nova, meaning new star. Novas give us most of the carbon and
nitrogen in the universe. A spoonful of the white dwarf that remains would weigh
many tonnes. Drop a small stone from a height of a metre and it would crash into the
surface at 6000 km/hr.

Cat’s Eye Planetary Nebula – Nova explosion
In supergiants, carbon can fuse into
neon and magnesium. Oxygen fuses to
silicon and sulphur. Finally iron is
produced, which does not change. Then
no heat can be produced to keep the star
from collapsing. The outer layers
collapse, bounce against its core and
shoot off into space, making a huge
explosion called a supernova.
(Example, the Crab Nebula, M1, near ζ
Tauri, was seen to explode in 1604).
What remains is a neutron star. A
spoonful of such a star weighs billions
of tonnes. It is made of nothing but

Planetary Nebula NGC7027

Supernova explosion, the Crab Nebula in Taurus
The neutron star in its centre, about 16km in diameter, spins
30 times a second.
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neutrons. (The protons and electrons have combined.) Drop a stone from a metre
above and it would strike the surface at 8 000 000 km/hr. Some neutron stars spin and
send out radio waves and are called pulsars.
These short- lived high- mass stars that go
supernova are very important for us.
When the final collapse comes, a shock
wave travels through the star and causes
atomic nuclei to fuse into all the heavy
elements up to uranium, gold and lead.
These are thrown off through space.
Eventually, when a new star forms, the
heavy elements collect in planets. On
Earth, they became the bodies of plants
and animals and us. The atoms you and I
are made of were formed inside stars.
Stars are the atom factories of the
universe. So you and I are made from
stardust.

Eta Carina; despite the explosion, the star survived

Clusters
Stars form in groups called clusters. Clusters come in two kinds: open clusters , that have no
special shape and contain anything from a few dozen stars to a few hundred, and globular
clusters . These are huge spheres containing thousands of stars. They surround our galaxy and
other nearby galaxies.
The Hyades and the Pleiades are examples of open clusters. The brightest of all globular
clusters is best seen from our Southern Hemisphere. It is in Centaurus and is called
ω Centauri.

Globular Cluster NGC6397 in the Southern constellation of Ara, the Altar
Globular clusters contain old stars
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Galaxies
Galaxies are the largest things in the universe. At first they were thought to be
nebulae. Then, in 1912, these fuzzy patche s were found to be racing through space
faster than any star. That suggested they were well outside the Milky Way, our own
galaxy. In 1923 Edwin Hubble in California measured the distance to a bright spiral in
the constellation of Andromeda. It was 2.4 million light years away. It is now known
as the Andromeda Galaxy.
Galaxies like our Milky Way and Andromeda contain hundreds of billions of stars.
They are among the biggest galaxies. A few even have a trillion stars. Most galaxies
are much smaller, having only millions of stars. The ones we notice, though, are the
big ones.
Elliptical galaxies range in shape from ovals to circles. They contain old orange and
red stars. These galaxies are retirement homes for old-age stars. In 1943 astronomers
discovered dwarf spheroidal galaxies. Our Milky Way has at least eight of them
orbiting it. They are probably the most common of all galaxies but are very hard to
detect. The closer they are the older and deader they are, showing that the Milky Way
has stolen their gas for forming new stars. Astronomers have discovered a dwarf
spheroidal that has been swallowed and destroyed by the Milky Way in Sagittarius
(M51).
Spirals look like giant pinwheels. Most of the stars are in a flat disk. The central
bulge contains old red stars and looks like an elliptical galaxy. New stars form in the
spiral arms. Outside the disk are globular clusters. It was the charting of globular
clusters that first identified where the centre of our galaxy was. We are about half way
out from centre. Be yond the sphere in which our galaxy exists is a halo of dark
matter.
Some galaxies have been triggered by nearby galaxies to produce lots of stars all at
once. They are called starburst galaxies.

Spiral Galaxy M100

Spiral Galaxy NGC4639 in the Virgo cluster, 78 million l.y.
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Our spiral galaxy, the Milky Way, orbits around a massive Black Hole right in the
centre. It has a mass of several million solar masses. Its gravity keeps the galaxy
together. Orbiting our galaxy are two bright companion galaxies, the Large and Small
Magellanic Clouds.
Irregular galaxies have neither spiral nor elliptical shape. The Large and Small
Magellanic Clouds are examples. They look like pieces of the Milky Way cut out and
pasted on other parts of the sky. They are not far from the South Celestial Pole. They
are filled with white and blue new stars.
Galaxies come in groups or clusters. Our Milky Way, and Andromeda, are part of 30
or so galaxies called the Local Group. The Milky Way is second only to Andromeda
in the Local Group. Andromeda is 60% larger and brighter. The best example of a
cluster of galaxies is in Virgo, some 50 million light years away. It contains hundreds
or thousands of galaxies, held together by gravity. The Local Group, the Sculptor
Group, the Maffei Group, the M81 Group, the Centaurus Group, other groups and the
Virgo cluster make up the Local Supercluster. Beyond the Local Supercluster are
other superclusters, strung like glistening spiderwebs through the dark. Between them
is nothing. These are the Walls and Voids of the universe.
The diameter of the Milky Way’s disk is 120,000 light years. The Sun is 27,000 light
years from the galactic centre. The main disk is thin, just 2,000 light years from top to
bottom. Every star you see at night is part of our Milky Way galaxy. It has either two
or three spiral arms—we are not sure. The spiral spins as if it were coiling up. The
Sun takes 230 million years to orbit the galactic centre. Since the birth of the Sun it
has circled the centre 20 times.
Few stars ever collide, but galaxies often do. In our part of the Milky Way stars never
collide. Shrink the Sun to the size of a 10t coin and the nearest star would be 640 kms
away. Shrunk the Milky Way’s disk to a 10t coin and its nearest large neighbour,
Andromeda, is only 50cm away. The Milky Way’s satellite galaxies are just
centimetres away. When galaxies collide they often trigger the formation of lots of
new stars all at once.

The Cartwheel Galaxy, 500 million light years away in Sculptor; A satellite galaxy passed through its
centre, scoring a bull’s eye. The shock wave triggered star formation in the bright halo.
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The Furthest Galaxy: seen through the CL1358+62 cluster. Magnified at right. 13 billion l.y. away

Black Holes are the result of very massive stars collapsing at the end of their life. Not
even neutron touching against neutron can stop gravity, which is so strong. The star
collapses to a point. Every year astronomers are discovering more of them. Curious
things happen at black holes: space stops, and also time. The first to be discovered
was the famous X-ray source, Cygnus X-1. Black holes aren’t big; they are points.
Quasars are galaxy centres radiating a trillion times more light than the Sun. We only
see them very far away, which means they existed far in the past, when the universe
was young. Evidence points to their being colliding galaxy centres.

IActivities 11
Find pictures in library books and periodicals such as National Geographic.
Let the finders say a few words to the rest of the class about the pictures. If
slides or a photographic guide to the universe is available, take the class on a
guided tour.
Make a series of sketches illustrating the structures and objects of deep space.
Translate the description of the Sun’s future and the description of
Betelgeuse’s future into either flowcharts or imagine the star could talk and
interview it about its past and future.
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Space Travel
Well I guess that you probably know by now
I was one who wanted to fly
I wanted to ride on that arrow of fire right up into heaven.
And I wanted to go for every man, every child, every mother of children,
I wanted to carry the dreams of our people right up to the stars.
And I prayed that I’d find an answer there
Or maybe I would find a song
Giving a voice to all of the hearts that cannot be heard.
And for all of the ones who live in fear, and for all of those who stand apart
My being there would bring us a little step closer together.
They were flying for me, they were flying for everyone
They were trying to see a brighter day for each and every one
They gave us their light, they gave us their spirit and all they could b e
They were flying for me, they were flying for me.
And I wanted to wish on the Milky Way,
And dance upon a falling star
I wanted to give myself, and free myself, and join myself with it all.
Given the chance to dream it can be done
The promise of tomorrow is real
Children of Spaceship Earth, the future belongs to us all.
She was flying for me, she was flying for everyone
She was trying to see a brighter day for each and every one
She gave us her light, she gave us her spirit and all she could be
She was flying for me, she was flying for me.
They were flying for me, they were flying for everyone
They were trying to see a brighter day for each and every one
They gave us their light, they gave us their spirit and all they could be
They were flying for me, they were flying for me.

Flying For Me, John Denver (MCA Music Aust. Pty Ltd)

Christa Corrigan McAuliffe
Christa Corrigan McAuliffe was born on September 2, 1948, in Boston,
Massachusetts, as Sharon Christa Corrigan. She was an American teacher who was
chosen to be the first private citizen in space. She earned her B.A. in Massachusetts in
1970 and the same year married Steve McAuliffe. She received her M.A. in education
from Bowie (Maryland) State College in 1978. In 1970 she began a teaching career
that impressed both her colleagues and her students with her energy and dedication.
In 1984 NASA, the National Aeronautics and Space Administration, processed
10,000 applications to see who would be the first non-scientist in space. She was
selected. In her application she said she would keep a three-part journal of her
experiences: the first part describing the training she would go through, the second the
details of the actual flight, and the third relating her feelings and experiences back on
Earth. She also planned to keep a video record of her activities. She was to conduct at
least two lessons while onboard the space shuttle to be simulcast to students around
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the world, and she was to spend the nine months following her return home lecturing
to students across the United States.
Problems faced the Challenger space shuttle mission from the start: the launch had to
be postponed for several days, and the night before the launch central Florida was hit
by a severe cold front that left ice on the launch pad. The shuttle was finally launched
at 11:38am on January 28, 1986. Just 73 seconds after the liftoff the craft exploded,
sending debris cascading into the Atlantic Ocean for more than an hour afterward. All
seven astronauts on board were killed.
The live television coverage of the spectacular and tragic event, coupled with
McAuliffe’s cheerful, energetic and civilian presence on board halted shuttle missions
for two and a half years, sorely damaged the reputation of the National Aeronautics
and Space Administration, and eroded public support for the space program.
Encyclopaedia Britannica, 1994-2001

U

Discussion 1
The U.S. Space Shuttle programme began in the 1990s. It cost around $43
billion, which is $175 for every man, woman and child in the U.S. That comes
to $8 for every person on the planet. Is it worth it?

I

Activity 12
One of each of the following facts is given to each student. Students move
freely around the room sharing their facts with one person at a time. No
sitting down and no small groups! At the end, students share in small groups
or as a class things they found interesting. (For 40 students, divide the class
into two.)

1. The world’s first liquid-propelled rocket tests were conducted in 1926 by Robert
Goddard (died 1945) in a field on his Aunt Effie’s farm in Auburn, Massachusetts.
In 1929 he fired a rocket containing a small camera, barometer and thermometer
that made so much noise that Goddard’s neighbours complained to the police.
2. Robert Goddard, the first rocket scientist, became the first person to fire a liquidpropelled rocket that travelled faster than sound, 1200 km/hr. He also invented the
multi-stage rocket.
3. Neil Armstrong, commander of the Apollo 11 mission, became the first man to
step on the Moon on July 21, 1969. His first words were, “That’s one small step
for a man, one giant leap for mankind.”
4. The first space vehicle to go into orbit around the Earth was launched on the 40th
anniversary of the Communist revolution in Russia. It was Sputnik 1, weighed
84kg, and transmitted a radio bleep-bleep-bleep that was picked up around the
world.
5. The Apollo moonshots were carried on the American Saturn 5 rocket. Its total
power developed in all three stages combined is equal to the power of 50 Boeing
747 jumbo jets.
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6. The fuel tank that Astronauts have called “the world’s largest throw-away soft
drink can” is the mail fuel tank on the US Space Shuttle. It holds 2 million litres
of chillded liquid fuel and 8 minutes after blast-off the tank is empty. It is thrown
away and eventually disintegrates in earth’s atmosphere.
7. The huge transporter that takes the Space Shuttle to its launch pad, is the world’s
largest and slowest vehicle. It weighs 3000 tonnes and its top speed is 3 km/hr.
Even so, the driver is ordered to wear a seat belt.
8. The 12 Apollo astronauts who landed on the Moon between 1969 and 1972
brought back a total of 382kg of Moon rocks and dust.
9. Some idea of the accuracy of the Apollo moon landing vehicle: an error of only
1.6 km/hr in the spacecraft’s top speed would have resulted in missing the Moon
by 1600 km.
10. The radio transmitters that beam information back to Earth from space are usually
less powerful than the ones used in walkie-talkies or CB radios. For example,
Voyager space probes sent back beautiful pictures of Saturn across 1200 million
kilometres of space using only 28 watts, about half the power of an ordinary light
bulb.
11. The person who has travelled more than anyone else on the planet is Russian
cosmonaut Musa Manarov. In 1987-88 and 1990-91 he orbited the Earth for a
total of 541 days, travelling 360 million kilometres.
12. The radio antennae at US tracking stations are so sensitive they can detect signals
with a strength of only one hundredth of a million million millionth of a watt. If
that energy were collected for the entire 4600 million year history of the solar
system it could light a small Christmas tree bulf for 1/5000 of a second.
13. Astronauts after returning from space where there is no gravity can be temporarily
5 cm taller. That is because the cartilage discs in the spine expand like sponges.
14. In July 1979 the 75 tonne American space station Skylab fell in red- hot fragments
across parts of Western Australia. One young Australian flew to California with
burnt pieces of Skylab to collect a $10,000 reward offered by a San Francisco
newspaper.
15. The first animal in space was a dog called Laika, launched in a Soviet spacecraft
in November 1957. It died after a week from lack of oxygen. Animal lovers
around the world protested, so in 1960 the Soviet Union sent two more dogs on a
24 hour space flight and they parachuted safely back to earth, the animals as
healthy as ever.
16. The first human to be rocketed into space was Russian astronaut Yuri Gagarin
(died 1968). He circled the Earth once in a flight that lasted 89 minutes.
17. The first space station was Salyut, meaning “Salute”, launched by the Soviet
Union in 1971. The Americans la unched Skylab two years later. On board was a
workshop and living quarters, a toilet, solar powered electric ovens and hotplates,
a shower, sleeping bags and an exercise bicycle.
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18. The first Space Shuttle was Columbia. It made its first voyage on April 12, 1981.
The shuttle returned safely after a 54-hour mission. The winged Orbiter is the
aircraft-sized unit that glides back to Earth, where it can be reused. Two solid fuel
boosters parachute to Earth; the main fuel tank between them is thrown away.
19. The seventh space shuttle mission, launched in June 1983, carried the first
American woman to fly in space. Her name is Sally Ride.
20. The first men to walk on the moon were Neil Armstrong followed by Buzz Aldrin,
in the Apollo 11 mission. Michael Collins stayed behind in the Command Module
orbiting the Moon.

I

Activity 13
In small groups, each having a set of cards with the following information, try
to arrange the events in the order in which they occurred. The correct answers
are listed below, but don’t look at them until you finish the activity.

A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.
O.
P.
Q.

First woman in space, Valentina Tereshkova, Vostok 6
First US spacewalk, Edward White, Gemini 4
First US manned spaceflight (sub-orbital), Alan Shepard, Liberty Bell 7
First space station launched, Salyut 1, all three men killed on return flight
First manned flight round Moon, Frank Borman, James Lovell, William Anders, Apollo
8
First US space station, Skylab.
First transfer of crew members from one spacecraft to another Soyuz 5 to Soyuz 4
First US orbital spaceflight, John Glenn, Friendship 7
First spacewalk, Alexei Leonov, Voskhod 2
First manned spaceflight, Yuri Gagarin, Vostok 1
First men walk on the Moon, Neil Armstrong, Buzz Aldrin, Michael Collins Apollo 11
First international space-docking, Soyuz 19 and Apollo 18
First flight of reusable space vehicle, Space Shuttle Columbia
First US woman in space, Sally Ride, Space Shuttle Challenger
Virgil Grissom, Edward White and Roger Chaffee died during practice countdown for
Apollo 1 when the cockpit caught fire
Space Shuttle Challenger explodes after take-off, killing crew of 7
International Space Station is born when US Unity module joins Soviet Zarya

Answers: (These can be on the back of the cards)
A=June 16, 1963
E=Dec 21-27, 1968
I=March 18, 1965
M=April 12-14,1981
Q= Dec 1998

B=June 3, 1965
F=May 15,1973
J=April 12, 1961
N=June 18, 1983

C=May 5, 1961
G=Jan 16, 1969
K=July 21, 1969
O=Jan 27, 1967

The correct ordering is

D=April 19,1971
H=Feb 20, 1962
L=July 16-18, 1981
P=Jan 28,1986

JCHAIBOEGKDFLMNPQ .
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Shuttle Atlantis floating over the Earth

Shuttle Endeavour, 1992

The International Space Station (above) Armstrong first walks on the Moon (below)

Additional Activities 14:
Names of Constellations :
Using constellation cards that do not have the names showing on them, each person selects on
card. Then, in 3 minutes, everyone dashes madly around the room trying to name as many
constellation cards that people are holding. The person who names most wins.

The Brightest Stars:
Memorise the names of the 15 brightest from the table in the Reference booklet.
Colour the lines according to the star colours.
List the 15 brightest stars according to their luminosity (light output).

Movement of the Earth:
Calculate our speed going around the Sun. The radius of Earth’s orbit is about 150,000,000 km.
The time to go around once is 1 year (=365.x24 hours).
Calculate our daily spinning speed at the equator. The equatorial diameter of the Earth is 12,756
km. The time to spin once is 1 day (=24 hours).

Multiple Choice:
Each student makes up one multiple choice question with 3 alternatives relating to the planets.
These are collected on slips of paper. Then hold a quiz. Students answer privately but gain point
for their team. Questions are asked in bunches of 4 or 5. Students quickly learn that all
alternatives should be similar. If one stands out as different from the others it is likely to be the
right one.
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Explanations:
After the lecturer explains the following concepts, students are put with a partner. Person A is
then asked to explain to their partner the first of the explanations in their own words or pidgin.
Person B then explains the second of the explanations.
1. The Seasons
As the Earth orbits the Sun, the Earth’s spin axis is tilted at an angle of 23.5°. If it were at 90° to
the orbital plane (no tilt) there would be no seasons. Summer for the Northern Hemisphere is
when the Northern half of the Earth is tilted towards the Sun. It gets more sunlight in the course
of the day and less nighttime. It is warmer because the Sun rises higher in the sky and the Sun’s
light and heat falls more directly on the Earth’s surface. (You know how it is warmer in the
middle of the day when the Sun is high, but not so warm when the Sun is setting. Shine a torch
down onto a board and compare it with how spread out the light is if the torch is shining at a low
angle to the board.) Winter time is when the hemisphere is tilted away from the Sun. Days and
short and nights are long, especially near the poles. It is like standing near a fire and leaning your
head towards the fire to warm your kela. Or tilting your head away to allow it to be cooler.
Autumn and Spring are in between. The order of the seasons is Summer, Autumn, Winter,
Spring.
2. The Tides

The Moon pulls on the Earth with its gravity at the same time as the Earth pulls on the
Moon. The Moon is said to go around the Earth, but it is more true to say they both orbit
around a common Centre of Gravity. Spin a child by the arms and you will notice how
your feet move a little bit, though the child moves a lot. The Centre of Gravity is threequarters of the way out from the centre of the Earth. During each day the Earth spins. All
parts get to be under the Moon at some time during the 24 hours. The Moon’s gravity
attracts that part of the Earth more than parts further away. Oceans directly under the
Moon are pulled by gravity and their level rises. This is high tide. Oceans on the
opposite side of the Earth are spun outwards, just as if you spun a bucket of water
around your head it would want to go flying off the moment you let go. If the bucket is
on a rope, the longer the rope the more pull it exerts on you. The water on the far side of
the Earth from the Moon is like the bucket on the long rope. It bulges away from the
Earth, trying to get away. It doesn’t bulge much, because Earth’s gravity is strong, but it
rises enough to give us a high tide on the far side of the Earth from the Moon.
Ethnoscience
What traditional constellations of stars do you know of? What legends are associated
with them?
Traditionally the full moon in different months has been given special names. In the list
you can see how some originated in the Northern Hemisphere higher latitudes where it
can be very cold and dark in December. Can you invent names more appropriate to
PNG?
January
February
March
April
May
June
July
August
September
October
November
December

Wolf Moon
Snow Moon, Hunger Moon, Opening Buds Moon
Maple Sugar Moon, Worm Moon, Sap Moon, Crow Moon, Crust Moon
Frog Moon, Pink Moon, Planter's Moon, Grass Moon, Moon of the Red Grass Appearing
Flower Moon, Budding Moon, Milk Moon
Strawberry Moon, Rose Moon
Blood Moon, Buck Moon, Thunder Moon
Moon of the Green Corn, Corn Moon, Green Corn Moon, Sturgeon Moon
Harvest Moon, Fruit Moon
Hunter's Moon, Moon of Falling Leaves, Harvest Moon
Beaver Moon, Frost Moon
Long Night Moon, Cold Moon
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Sunspots:
Using a white card for a screen, project the Sun’s image onto it using binoculars
or a telescope. Examine the bright circle (make sure it is in focus) for dark
sunspots. Use a pencil to mark them in on the card. Over several days, notice
how they seem to move as the Sun rotates.
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Diagrams:
In pairs, and taking two diagrams at a time, students explain first one diagram and then the other.
Each person gets a turn explaining one of the diagrams.
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Phases of the Moon:
In the following diagrams, one is a Crescent, one is First Quarter, one is Gibbous, one is
Third Quarter two show New Moon and two show Full Moon. Identify them. Then take
it in turn in small groups to describe each one. For example, “The Full Moon can be
seen opposite the Sun. As the Sun rises in the East, the Moon sets in the West at Full
Moon.”You can also try making your own with the Sun in some other position besides
rising and setting.
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The faint glow on the dark part of the Moon is called Earthshine. It is light that has come
from the Sun to the Earth, been reflected off the Earth and onto the Moon, then off the Moon and
back to us into our eyes.
When the Moon is a very thin crescent and earthshine is seen on the dark part just after
sunset just after a New Moon, it looks like the last of the old full Moon is cradled in the crescent.
This is called the Old Moon in the New Moon’s arms.
If there are two full moons in a month, the second one is called a Blue Moon.
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