to spm above our.
agamst th1s backdro

he Large Mageﬂamc Cloud is 160 000
ghteyears from Earth. Itis about one- -third.
the SIze of our galaxy, the Mllky Way




—>
Your Quest
Twinkle, twinkle

Twinkle, twinkle little star, how [
wonder . ..

So the nursery rhyme goes.
When you gaze at the night sky, it’s
difficult to avoid wondering about
what stars really are. What are they
made up of? From where do they
get their energy? How are they
created? Do they ‘shine’ forever?

THINK

1. What is a star? Write your own
description of what a star is.

2.What is the name of the nearest star
to the planet Earth?

3.How are stars formed?

»

. Does a star ever ‘die’?

5. List all of the objects other than stars
that you can see in the night sky.

Looking back in
time

The object in photograph (a), above
right, is not a star. It is a quasar
called PG 0052+251. It emits much
more light than any star could.
Quasars are found only at very large
distances from the solar system.
Observations of distant objects like
quasars provide clues about how
the universe began.

THINK

6. Astronomers believe that quasars
are formed when black holes at the
centre of galaxies begin to pull in gas
and stars from the galaxy.

(a) What is a black hole?

(b) What is a galaxy?

(c) To which galaxy does the solar
system belong?

7.The photograph of PG 0052+251 was
taken by the Hubble Space Telescope.

(a) Where is the Hubble Space
Telescope?

(b) Why are the photographs taken
by the Hubble SpaceTelescope
clearerthanthosetaken by larger
telescopes onthe Earth’s surface?

Where Earth fits
into the universe

Until almost 400 years ago, most
astronomers believed that the
Earth was at the centre of the
universe. It was surrounded by
a ‘celestial sphere’ on which the
stars were attached. The moon
orbited the Earth. The sun and
planets were also believed to orbit
the Earth. Then, quite quickly, the
idea that the sun was the centre of
the universe became accepted. We
now know that the Earth is just a
tiny part of the solar system, which
is a tiny speck in a galaxy known
as the Milky Way. The sun is one
of about 400 billion stars in the
Milky Way, and the Milky Way
galaxy is one of about 130 billion
galaxies in the universe.

THINK

8. Which people and events caused
the change in thinking about the
place of the Earth in the universe
about 400 years ago?

9. How do we know so much
more about the distant parts
of the universe now, in the 21st
century, than what we knew
about 400 years ago when
people were arguing about
whether the Earth or the sun
was the centre of the universe?

Giventhatthe Earthissucha
tiny speck, would you expect to
find other, similar planetsin the
universe? If so, where would you
expectto find them?

10.

(a) The quasar

PG 0052+251 is

1.4 billion light-years
away. That is, when
you look at its image, you are seeing it as
it was 1.4 billion years ago.

(b) The Hubble Space Telescope. Even
though it is much smaller than many
telescopes on the ground, it can ‘see’
much further into the universe because it
is above the Earth’s atmosphere.

The solar system is just a tiny part of the
rotating Milky Way galaxy.
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7.1

Looking

up

Seeing stars

When you look up into the sky on
a clear night, you will see count-
less specks of light stretching
from horizon to horizon. Looking
again later the same night, you
should clearly see many of the
same recognisable patterns as
before, but they will have moved
to a different position in the sky.
From these simple observations,
it is easy to conclude that the sky
is a crystal-clear sphere dotted
with the tiny lights we call stars.
This ‘celestial sphere’ seems to
rotate above our heads, carrying
with it the fixed patterns or
constellations of gleaming stars.

Wandering stars

Close observation shows stars that
appear to wander about among the
constellations. These include the

A time-lapse photograph of the sky
clearly shows the apparent movement
of the stars.
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planets (meaning ‘wanderers’),
the sun and the moon, and a few
other heavenly bodies such as
meteorites and comets. We now
know that the celestial sphere
model, first proposed by the Greek
astronomer Ptolemy in 150 AD,
was not correct. The apparent cir-
cular motion of the fixed pattern
of stars at night is in fact due to
the rotation of the Earth.

A closer view

The development of the telescope
in the sixteenth century allowed
Earth-bound astronomers to see
objects in the sky with much
greater precision than ever before.
Observations using telescopes
showed that many different types
of objects in the sky could be
identified. These included single
or double stars, groups of stars
called galaxies, clusters of gal-
axies, and clouds of gas and dust
called nebulae.

In 1718, English astronomer
Edmond Halley, who is perhaps
more well-known for his identifi-
cation of the comet named after
him, used his telescope to check
three particularly bright stars,
Sirius, Procyon and Arcturus. He
found that the position of each
one relative to surrounding stars
was noticeably different from the
positions recorded by ancient
Greek astronomers centuries
before. There were even slight
differences  between  Halley’s
observations and those of Danish
astronomer Tycho Brahe about
150 years earlier. Never again
could the stars be described as
‘fixed in the heavens’.

In 150 AD, the Greek astronomer Ptolemy
suggested that the stars were attached to
a ‘celestial sphere’ which rotated above
our heads. According to Ptolemy, the sun,
the planets and the moon also orbited the
Earth.

Questions about
stars

Halley’s observations raised some
new questions about stars. Why
should only a few stars move
quickly enough for their motion to
be noticed? Why do they happen
to be among the very brightest
stars? Perhaps some stars are
closer to Earth than others. Being
closer, they would appear brighter
than other stars and their motion

would be detectable against the

backdrop of more distant, and
therefore dimmer, stars.

‘The Horsehead Nebula in the constellation .

‘of Orion. A nebula is a cloud of dust and gas,

visible as a glowing or dark shape in. the sky ;

ag_alnst a background of sfars.

+




It's all relative

The apparent movement of
objects at different distances is
due to the actual movement of
the observer. It is an effect called
parallax. In 1837, German
astronomer  Friedrich ~ Bessel
became the first person to provide
proof of a ‘parallax’ effect when
observing stars. As the Earth
orbits the sun, the positions of
stars change very slightly relative
to each other. If all the stars were
the same distance from the Earth,
this would not happen.
Observations of a stellar paral-
lax effect indicate that some stars
are relatively close to us while
others are much further away.
The transparent celestial sphere
of the past must be banished,
to be replaced by an even more

awe-inspiring image — that of
star-studded space stretching
before us with no known

boundary or end. ”

A light-year is not a measure of
time! It is a measure of distance.
In one year, light travels a distance
of 9 500 000 000 000 or

9.5 x 10'2 kilometres. This distance
is called a light-year.

Using large numbers

Very large numbers are often
written in a special way called
scientific notation. This allows
us to avoid writing lots of zeroes
and also makes the number easier
to read, because the reader does
not have to count the zeroes. For
example, the distance between
the Earth and the sun averages
150 million kilometres. This could
be written as 150 000 000 km or, in
scientific notation, as 1.5 x 108 km.

Some other examples are:
* 45 000 000 000 = 4.5 x 10'°
+ 700 000 000 000 000 000 = 7.0 x 10"7.

The effect of parallax

You will need:
a number of witches’ hats
pencil and paper

® Mark a circle on the school oval to
represent Earth’s orbit around the sun.

® Place a series of witches’ hats at
different distances from the circle to
represent stars nearby and far away.

¢ Take a walk around Earth’s ‘orbit’
and, at several different points,

2.

sketch the appearance of the
‘stars’ relative to one another and
to even more distant objects such
as trees and fence posts.

. Looking at your sketches, did the

positions of the ‘stars’ relative to
one another appear to change as
you moved around the ‘orbit'?

Can you see any difference between
the relative movements of the nearby
‘stars’ compared with those of the
more distant ‘stars’?

actl 1t1es
REMEMBER

1 How did the invention of the telescope change our view of the night sky

from Earth?

2 Why were the planets given a name that means ‘wanderer’?

3 What do we mean by the term ‘parallax’?

4 How did observations of a stellar parallax effect change our ideas about

the universe?

EVALUATE

5 The estimated distances from Earth to some stars and galaxies are listed
below. How long would it take to reach each of them, travelling at the

speed of light (about 300 000 km/s)?

sun our own star
Proxima Centauri

centre of Milky Way
Magellanic Clouds
Andromeda Galaxy

quasars

THINK

our own galaxy

the closest star after the sun

one of the closest galaxies
one of the closest galaxies
very distant objects

1.5 x 108 km
4.0 x 10" km
2.5 % 10" km
1.5 x 10" km
1.4 x 10" km
1.4 x 1028 km

6 Why do the planets that are visible to the naked eye appear to change
position against the fixed patterns of other stars?

7 Why do all the stars visible to the naked eye belong to our galaxy, the

Milky Way?

8 Radio waves travel through space at the same speed as light, which is
about 300 000 km/s. How long would it take a radio message from Earth to
reach the solar system’s nearest neighbouring star?

IMAGINE

9 What difficulties would we find if we tried to communicate by radio with
civilisations on planets orbiting even the stars closest to Earth?

10 Is it likely that a spacecraft from Earth will ever venture out to planets
orbiting the closest stars? Present some calculations to support your
answer.
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_Hot neighbour

Possibly the most important single object we see in the sky is our
nearest star, the sun. Without it life would not exist on Earth.
We depend directly on the sun for the light and heat it shines onto
the surface of the Earth. Energy from the sun is stored in plants for
food and heat, and the sun’s energy controls the world’s weather. The
movement of the Earth on its axis and in its orbit around the sun gives
us day, night and the seasons; regular patterns which determine our
natural biological rhythms.

Just one of many

Despite its importance to life on Earth, the sun is a very ordinary star
in a relatively unremarkable part of the universe. It is only the sun’s
closeness to our planet that makes it so important to us. Most of the
other stars in the universe have a mass somewhere between one half
and four times that of our sun. The most massive star known, in the
constellation Cygnus (the Swan), has a mass 600 times that of the sun.
Massive stars like this are very rare.

In the beginning . ..

Stars like the sun are thought to have been formed from the material
found in the space between the stars. The density of this interstellar
matter is incredibly low; on average, there is one atom in every two
cubic centimetres of space. Compare this with about 3 x 10! atoms
per cubic centimetre in the air we breathe! Although this interstellar
matter has an extremely low density, it has been estimated that there is
as much matter in the space between the stars as there is in the stars
themselves. Most of this interstellar matter is hydrogen gas and small
amounts of helium. Only one per cent is made up of heavier elements
found in particles of dust.

Like other stars, our sun was formed from a collapsing cloud of
gas and dust. Its core temperature and pressure eventually rose high
enough for atomic nuclei to become joined together by a process called
nuclear fusion. As a result of fusion, hydrogen is transformed into
helium and vast amounts of energy are released. It has been estimated
that the sun has been turning hydrogen into helium for about five
billion years. It is very stable and will probably stay as we now see it for
another five billion years.

Holiday on the sun?

A visit to the surface of the sun would reveal violently churning gas
and massive amounts of particles and energy spreading out into space.
Billowing out from the surface are huge luminous arcs of gas that are
usually seen only through a telescope on Earth during an eclipse or
by sensors onboard interplanetary space probes. During an eclipse, the
moon blocks out the main body of the sun as seen from Earth and
leaves the corona visible.
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Extreme conditions are needed

for fusion to take place. The
temperature of the sun’s core is
thought to be about 15 000 000°C
and the pressure there is equivalent
to 2.2 x 10" times the normal
atmospheric pressure on the
surface of the Earth.

Under these conditions, matter
breaks down. Electrons are stripped
from the atoms to form positive
nuclei (the plural of nucleus). The
very high concentration of nuclei
and their energetic movements
produce violent collisions, leading
to fusion reactions and an
outpouring of energy.

The outer layers of the sun form the
corona, which becomes visible only
during an eclipse.




actl 1t1es
REMEMBER

1 Which element makes up most
of the matter in space?

The sun is a very
active place. It
displays many
different

moods.

2 What are sunspots and when do
they occur?

3 Why do sunspots interfere with
long-distance communication on

Seeing spots — they're cool!

The amount of activity on the sun’s surface is not constant. It varies
over a fairly regular cycle, which takes about 11 years to complete.
Each stage of this cycle can be seen from Earth because the number
of visible sunspots provides clues about the level of activity. Sunspots
look dark because they are cooler than the surrounding areas. However,
the temperature of sunspots is still extremely high.

The presence of many sunspots corresponds with a time of high
activity on the sun’s surface. This activity produces a large number of
particles that spread out from the sun. The Earth’s magnetic field cap-
tures some of the particles, often producing patterns of light visible from
the surface known as the aurora borealis and aurora australis. The
captured particles in turn interfere with the Earth’s own magnetic field.
This has a severe effect on long-distance radio transmission.

Aurora australis captured by a satellite camera

Radio problems

Long-distance radio transmission relies on the reflection of high
frequency radio waves from the ionosphere, high in the Earth’s
atmosphere. The particles captured by the Earth’s magnetic field during
high sunspot activity cause small changes in the Earth’s own magnetic
field. These changes interfere with the reflection of radio waves by the
ionosphere, severely disrupting long-distance radio transmission.

Low sunspot activity also disrupts long-distance radio communi-
cation. It reduces the ability of the Earth’s ionosphere to reflect high
frequency (short wave) radio waves.

Earth?

EVALUATE

4 In anyfusion reaction, mass is
converted directly into energy.

Hydrogen nuclei can be fused to

form helium nuclei.The helium
nuclei have less mass than the
original hydrogen nuclei. Some
of the ‘lost’ mass is accounted
for by the production of other
tiny particles, but most of

itis converted directly into
energy. Albert Einstein wrote
the equation describing this
conversion as E = mc2, where
Eisthe energy (in joules),

misthe mass (in kilograms) and

cisthe speed of light (which is
about 3x 108 metres/second).
The sun releases 2.2 x 102 J
of energy in one minute as a
result of fusion. Use Einstein’s

equation to determine how much

mass is converted to energy in
one minute.

THINK

5 Why is the sun sometimes
called a ‘middle-aged’ star?

6 Why is it so difficult to develop

a fusion reactor for power
generation?

7 If the Earth's atmosphere
absorbs two million times
humans’ energy requirements
from the sun, why is there an
energy crisis?

INVESTIGATE

8 Find out about the element
called helium. Why is its name

linked to the Greek word for sun

‘helios’?

Find out more about fusion

science by visiting the website

for this book and clicking on
the Princeton Plasma Physics
Laboratory weblink (see
‘Weblinks’, page 305).
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7.3

_ Stars — a life story

ovie stars come and go. Some have

brief careers while others seem to go
on forever. It’s very much the same with
the stars in the sky. Stars come and go
— they don’t last forever. However,
their ‘careers” are usually very much
longer than the movie variety’s.

I BET I'M A
STAR LONGER
THAN YOU ARE

A star is born {@

Dust and gas are not evenly distributed in interstellar space. There
appears to be currents of denser material swirling throughout the
universe. Within these currents, the density sometimes reaches the
critical figure of 100 atoms per cubic centimetre. At this point, gravity
takes hold and the gas and dust begin to collapse into the beginnings
of a new star. The collapse continues under the influence of gravity,
forming visible globules in the nebula cloud. As the globules collapse
further, any spin in the original gas cloud is accelerated. At the same
time, the increasing pressure causes the temperature to rise and the
conditions are right for a star to be born.

These clouds of interstellar matter are called nebulae and are really
like star ‘nurseries’. The Great Nebula in the constellation of Orion is
a nebula large enough to be seen with the naked eye.

glperiment
>HEAT PROOUCED BY COMPRESSING A GAS

Now feel the body of the pump.

You will need: °

a bicycle pump 1. What change has been observed?

atyre

2. How does an increase in air
pressure affect the temperature of

* Using an energetic pumping action, .
the surroundings?

inflate a tyre with the bicycle pump.
Alternatively, just pump the bicycle
pump with your finger partially
covering the open end so the air does
not escape.

(The opposite effect can be observed
when carbon dioxide gas is released
from a soda bulb.)
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The young,
the old and the
dead

A quick glance around the
night sky shows us that stars
differ quite noticeably from one
another, both in how bright they
appear to us and in their colour
(see the experiment on page 170).
Some of them are relatively close
to the Earth, while others are
much further away. There are
young stars, middle-aged stars
like the sun, old and dying stars
and exploded stars. By collecting
details of a wide range of stars,
we can trace the various stages
of development of typical and
unusual stars. This is like looking
at the characteristics of hundreds
of people and using patterns in
the data to draw conclusions
about the life of one individual.

Ancient Babylonian astron-
omers divided the stars visible to
the unaided eye into six classes.
(The number ‘6" was clearly
important — the Babylonians
were also responsible for dividing
an hour into 60 minutes!) The
brightest stars were called class
one; the dimmest, class six. This
scale became the basis for the
magnitude scale we use today.
The scale has been extended
to higher numbers to include
very dim objects that are visible
only through the most powerful
telescopes. And, some of the
brightest objects turn out to be
brighter than magnitude one, so
zero magnitude and even nega-
tive magnitudes are included in
today’s scale.



Star light, star bright

How bright a star appears to us (its apparent
magnitude) depends on its actual brightness (its
absolute magnitude) and its distance from Earth.
A dim star close to us may appear brighter than a
really bright star a long way away. To calculate the
absolute magnitude of a star, astronomers must
know how far away it is. The colour of a star depends
on its surface temperature: red stars are cool, and
white and blue stars are hot.

An interesting way of displaying the data collected
about stars was developed independently by two
astronomers, Ejnar Hertzsprung from Denmark
and Henry Norris Russell from America. This
method has now been named after both of them.
In the Hertzsprung-Russell diagram, the absolute
brightness of a star is plotted against its surface
temperature, which is deduced from its colour.

Absolute magnitude

+11
+12
+13
+14
+15

+16

20 500 9430

6930
Temperature (°C)

When data for many stars are plotted, most of them,
including our sun, fall into what is known as the
main sequence. Exactly where a star is found along
the main sequence is determined by its mass. Low-
mass stars tend to be cooler and less bright than
high-mass stars.

Other types of star show up very clearly on the
Hertzsprung—Russell diagram but in much smaller
numbers than in the main sequence. The names of
these stars — white dwarfs, red giants, blue giants and
super giants — clearly describe their characteristics.
Astronomers suggest that all stars begin their exist-
ence in the main sequence and spend the largest part
of their life there. This explains why most of the stars
observed at a particular time are found in the main
sequence. The rarer types are stars passing relatively
quickly through later stages of development on the
way to extinction as their nuclear fuel runs out.

Spectral class
F G

~
~

4400

5700

3040

The Hertzsprung-Russell diagram sorts stars by their absolute magnitude and surface temperature or colour.
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A question of magnitude

How bright a star or planet appears as viewed from Earth is
measured on an apparent magnitude scale. On this scale,
the brighter objects have the lowest apparent magnitudes.
For example, the sun has an apparent magnitude of —27. A
full moon has an apparent magnitude of approximately —13.
The brightest stars have an apparent magnitude between
—1 and 1. The weakest objects visible with the naked eye
have an apparent magnitude of approximately 6.

The absolute magnitude is a measure of how much light
an object emits. The sun is much smaller than Rigel in
Orion and it emits a lot less light. However, it appears
brighter to us because it is much closer than Rigel. The
moon emits no light of its own.

The table on the right shows some typical values of
apparent and absolute magnitudes.

Apparent | Absolute
Star and constellation magnitude | magnitude
sun =27 +4.7
Sirius (Canis Major) -1.5 +8.7
Canopus (Carina) -0.73 -4.6
Alpha Centauri (Centaurus) -0.33 +4.7
Rigel (Orion) +0.11 -1.5
Beta Centauri (Centaurus) +0.60 5.0
Betelgeuse (Orion) +0.80 -5.0
Aldebaran (Taurus) +0.85 -0.3
Alpha Crucis (Southern Cross) +0.90 -3.9

Red giants

In a stable main sequence star, hydrogen is steadily
turned into helium by the process of fusion (see page
166). As helium builds up in the core of the star,
the region where energy is produced by the fusion
of hydrogen becomes a shell around the core. The
shell gradually expands and the star swells to 200
or 300 times its original size, cooling as it does so,
to become a red giant. This will eventually happen
to our sun, which will grow large enough to swallow
up the inner planets, including Earth.

The brightness of many red giants varies greatly
because they have become unstable after many
millions of years of stability. The red giant Mira in

Seeing the colours of stars
You will need:

star atlas (optional)

pair of binoculars (optional)

¢ Use the information below, a star atlas or an astronomy
computer program to help you to find the constellation
Orion (the Hunter). Alternatively, find a colour photograph
of the constellation Orion.

The star o-Orionis (also known as Betelgeuse) is a red giant
which has a diameter bigger than Earth’s orbit. It appears
quite visibly red to the naked eye and this distinctive colour
shows up even more clearly through binoculars. The star
B-Orionis (also known as Rigel) is 60 000 times as bright as
the sun.

® Compare the colours of Betelgeuse and Rigel.

® Try to locate the Great Nebula using the following
information.

the constellation Cetus (the Whale) was the first
variable red giant to be discovered. The brightness
of Mira increases and decreases over a huge range
in a cycle that averages 320 days. Not surprisingly,
it is known as a pulsating star. The shorter cycles
of some pulsating stars are so predictable that they
can be used as markers to measure vast interstellar
distances in the universe.

In the core of a red giant, new fusion processes
take place, turning helium into heavier elements
such as beryllium, neon and oxygen. This increases
the rate of energy production and raises the star’s
temperature. A sun-like star might shine 100 times
more brightly than it did in its stable period as part
of the main sequence.

The constellation Orion (the Hunter) is visible from
every inhabited place on Earth. It is most easily
recognised from the line of three stars that represent
the hunter’s belt. Remember, the constellations were
named by observers in the Northern Hemisphere so, to
southern observers, the constellations appear upside
down. This is why Orion’s sword points upwards from
the belt. This group of stars, making up the sword and
the belt, is often known as the Saucepan.

Orion’s sword, pointing upwards from the belt,
contains a misty patch visible to the naked eye. This

is the Great Nebula, labelled M42 by the astronomer
Messier, who prepared a catalogue of such objects in
an attempt to prevent observers being distracted by
them. Through binoculars, stars can be seen embedded
in the gas and dust of the Great Nebula and new stars
have been seen as they begin to emit light. The Great
Nebula and other similar formations are the birthplace
of the stars.
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The death of a star

Eventually, the rapid pulsations lead to the destruc-
tion of the star. The nature of its death depends on
the size of the star.

White dwarfs

For stars less than about eight times the mass of
our sun, the destruction begins when the outer
layers are thrown off into space and the core flares
brightly, forming a ring of expanding gas called a
planetary nebula. The name ‘planetary nebula’ is
misleading because it is not related to planets. But
it does have the cloud-like nature of a nebula. The
name came about because astronomers using very
early telescopes thought that the clouds resembled
the planets Uranus and Neptune.

The remaining star fades to become a white
dwarf, typically about the size of the Earth but
with a very high density and a surface temperature
of about 12 000°C. It then slowly cools, becomes a
cold black dwarf and disappears from view.

Coming to a violent end

Stars that are more than about eight times the
mass of our sun come to a much more violent
end. They swell into much larger red giants called
supergiants. They blow up in a huge explosion
called a supernova. The matter making up the star
is hurled into space along with huge amounts of
energy. A supernova can emit as much energy in a
month as the sun radiates in a million years. Super-
nova events are very rare, being seen only every 200
to 300 years on average and fading within a few

actl 1ties

The Crab Nebula, the remains of a supernova observed almost a
thousand years ago. At the centre is a rapidly spinning neutron
star called a pulsar.

years. They are extremely important in the universe
because it is within these violent explosions that the
heavy elements such as iron and lead are produced.

What remains of a supernova is extremely dense;
the pull of gravity becomes so great that even the
protons and electrons in atoms are forced together.
They combine to form neutrons and the resulting
solid core is known as a meutron star. If the
remaining core has a mass more than about three
times that of our sun, the force of gravity is great
enough to ‘suck in” everything — even light. Such a
core becomes a black hole.

1 Why are most stars found in the
main sequence of the Hertzsprung—
Russell diagram?

2 To which group of stars shown on
the Hertzsprung-Russell diagram
does the sun belong?

3 How does a red giant become a
white dwarf?

4 Why is the term ‘planetary nebula’ a
misleading way to describe the ring
of expanding gas thrown out by a
red giant during its transformation
into a white dwarf?

EVALUATE

5 The table lists information about
three bright stars.

Apparent | Absolute
magnitude | magnitude

Aldebaran

(a) Which star has the greatest
actual brightness?

(b) Which star is the faintest as
seen from Earth?

THINK

6 Is it likely that our own star, the
sun, will become a supernova?
Explain your answer.

7 What would the night sky look like
if you had eyes that could ‘see’ like
the Hubble Space Telescope?

INVESTIGATE

8 Find out more about the formation
and destruction of a supernova.
For example, when was the last
supernova seen? Can we predict
when the next one will be seen?

THE MYSTERIOUS UNIVERSE

171



7.4
_ The changing universe

Will the sky you see tonight ever be the same again? Within a

person’s lifetime, the patterns of stars and galaxies in the night g p erime nt
sky do not seem to change. The constellations move across the sky
as the Earth spins on its axis and moves in its orbit around the sun, - DOPPLER EFEECT
but any changes in their relative positions can not be seen with the

unaided eye. Photographic techniques show us the movements of USING ROTATING
the stars and tell us that what we see as permanent is actually a 90UND SOURCE

universe in a state of continuous and often violent movement and .
You will need:

Change. e a source of sound that can easily be
Stars on the move ‘%@ clectronic buzser which produces.
The movement of stars towards or away from the Earth can be  @Singlenoteorawhistle fastened

. [ securely in the end of a length of
measured using the Doppler effect. Christian Johann Doppler was . pper tubing
an Austrian physicist who noted the change in pitch that results j/ength of strong string
from a source of sound approaching or moving away. We often apartner
hear the same effect when a high-speed train or aeroplane passes
us or when we hear the pitch of a fire-engine’s siren drop as the
fire-engine goes by.

Doppler suggested that the same effect we notice in sound waves
might be seen in light as well. The Doppler effect would produce a
change in the frequency of light waves (see page 116) emitted from a
moving source. The French physicist Armand Fizeau suggested that
this change in frequency might be seen by comparing the spectrum of
light from a moving source with that from a stationary one.

As the train approaches, the sound waves
reaching you are bunched up. The frequency
is higher and you hear a higher pitch.

A whistle can be used as a rotating
sound source.

e Ask your partner to spin the sound
source around in a circle on the
end of the piece of string. If you
are using a whistle, your partner
should blow through the attached
rubber tubing to produce a sound.
Listen carefully to the note

produced.
As the train speeds away, the sound waves CAUTION: Take care while
reaching you are more spread out. The spinning the source. Ensure

frequency is lower and you hear a lower pitch.  that the string is strong
enough and that no-one is
in the path of the rotating
source of sound.

— 1. What can you hear happening to the
))” , ] l I pitch of the buzzer?

2. When is the pitch highest? When is it
lowest?
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The spectra of stars

When the spectrum of the light from a star is analysed, some dark
lines are observed. These dark lines correspond to colours of light that
have been absorbed by substances in the star. Different substances
absorb different colours of light. By identifying the wavelengths of the
colours missing from the spectrum, astronomers can find out which

elements are present in the star.

500 600 700

The spectrum of white light from a nearby star. The black lines show which colours
have been absorbed by elements in the star. The numbers on the scale indicate the
wavelength of the light in nanometres. A nanometre is 10 metre.

400

In many cases, the black lines, or missing colours, in the spectra
of stars are shifted from their expected positions. A shift to lower or
‘redder” frequencies is called a red shift and results from a star’s
movement away from the Earth. A shift to higher or ‘bluer’ frequen-
cies is called a blue shift and is caused by a star’s movement towards
the Earth.

Nearby objects show a range of Doppler shifts. Some stars, like
Sirius (the Dog star), are moving away from us and others are moving
slowly towards us. Some even show alternate red and blue shifts in
step with changes in brightness, suggesting that these stars have an
invisible dark companion orbiting them. The brightness is reduced
as the circling star passes between
us and the main star, while the
Doppler shift is caused by the
main star moving in response to
the gravitational pull of its dark
companion.

actl 1t1es
REMEMBER

Retreating galaxies

On a much larger scale, the study
of the Doppler shifts of galaxies
provides us with an amazing
picture of the universe. A rela-
tively small number of galaxies,
including the nearby Andromeda
galaxy, are moving towards the
Earth, but the majority of galaxies
are moving away from us at a
considerable speed. Even more
extraordinary is the relationship
between the size of the red shift
and the distance from Earth.
This was first investigated by the
astronomer Edwin Hubble and is
now referred to as Hubble’s law.
This law states that the further
away a galaxy is, the greater is its

to the Earth?
4 What is Hubble's law?

THINK

towards or away from Earth?

IMAGINE

outside the solar system.

red shift and so the faster it is
moving away from us.

While this finding appears to
put the Earth in a very special
position at the centre of a rapidly
expanding universe, it is in fact
an illusion. Observers anywhere
in the universe will see the sur-
rounding galaxies moving away
from them at a speed that is
consistent with Hubble’s law.

Estimating the size of
the known universe

We can only say that the universe
is as big as we can see, so the
size of the known universe has
steadily increased over the cen-
turies as observation techniques
have improved. The Hubble
Space Telescope is finding more
and more distant objects and so
the known universe is still getting
bigger. Objects have been seen at
distances estimated to be about
15 billion light years from Earth.

1 Why are there black lines in the spectra of the light emitted by stars?
2 Which colour of light has the higher frequency — red or blue?

3 What is a red shift? What does it tell us about how a star is moving relative

5 The light from a star is often analysed by its wavelength instead of its
frequency. Long wavelengths correspond to low frequencies and short
wavelengths correspond to high frequencies. The spectrum of colours
emitted by excited atoms of hydrogen on Earth contains the wavelength
6562.85 angstroms (1 A = 1 x 107'% m). This same wavelength is observed in
the spectrum of light from the bright star Vega at 6562.55 A. Is Vega moving

6 Imagine living on a planet circling a star in the Andromeda galaxy, a
distance of 1.5 x 108 light years from Earth. How would your view of the
universe compare with the view we have from Earth?

7 Collect and summarise a media report about a new discovery about space
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_ How it all began

an and how did the uni-
verse begin? Was there a
beginning? Perhaps it was always
there. If there was a beginning,
will there be an end? The study

of the answers to these questions
is called cosmology.

1. The big bang (¢ = 0)

It’s hard to imagine, but at this moment there
was no space and no time. All that existed was
energy. All of the energy was concentrated into
a single point called singularity.

2. One ten million trillion trillion

trillionths of a second later (¢ = +W s)
Time and space had begun. Space was
expanding quickly and the temperature was
about 100 million trillion trillion degrees
Celsius. (The current core temperature of the
sun is 15 million degrees Celsius.)

3. One ten billion trillion trillionths of a
second after the big bang (¢ = +ﬁ s)

The universe had expanded to about the size
of a pea. Matter in the form of tiny particles
like electrons and positrons (positively
charged electrons) had formed. Particles
collided with each other, releasing huge
amounts of energy in the form of light.

Until this moment there was no light.

4. One ten thousandth of a second after
the big bang (= + #& s)

Protons and neutrons had formed as a
result of collisions between smaller particles.
The universe was very bright because light
was trapped as it was continually being
reflected by particles.

5. One hundredth of a second after
the big bang (¢ = +ﬁ s)

The universe was still expanding and

cooling rapidly. It had grown to the 5
same size as our solar system,

but there was still no such 4 L
thing as an atom.

Following the discoveries about
the expanding universe by Edwin
Hubble, two major theories about
the beginning of the universe
became popular — the ‘big bang’
theory and the ‘steady state’
theory.

6. One second after the big bang
(t=+15s)

The universe was probably more than a

trillion trillion kilometres across. It had

cooled to about ten billion degrees

Celsius.

7. Five minutes after the big bang
(t = +5 min)

The nuclei of hydrogen, helium and

lithium had formed among a sea of

electrons.

8. Three hundred thousand years after
the big bang (¢ = +300 000 years)

The universe was about one thousandth

of its current size. It had cooled to about

3000°C. Electrons had slowed down

enough to be captured by the nuclei of

hydrogen, helium and lithium, forming

the first atoms. There was now enough

empty space in the universe to allow

light to escape to the outer edges.

For the first time, the universe

was dark.

The ‘big bang’
According to the most commonly
accepted theory among cosmol-
ogists, the universe began about
15 billion years ago with a ‘big
bang’.

9. Two hundred million years after the big
bang (¢ = +200 000 000 years)

The first stars had appeared as gravity

pulled atoms of hydrogen, helium and lithium

together. Nuclear reactions took place inside

the stars, causing the nuclei of the atoms to

fuse together to form heavier nuclei. Around

some of the newly forming stars, some of the

swirling clouds of matter cooled and formed

clumps. This is how planets began to form.

10. One billion years after the big bang
(#=+1000 000 000 years)

The universe was beginning to become a little

“lumpy’. The force of gravity pulled

matter towards the ‘lumpier’

regions, causing the first

galaxies to form.




The ‘big bang’ theory would not make any sense at all
if it were not for Albert Einstein’s famous equation.
How could matter be created from ‘nothing’? Well, the
singularity before the big bang was not ‘nothing’. It was
a huge amount of energy (with no mass) concentrated
into a tiny, tiny point.

Einstein proposed that energy could be changed into
matter. His equation E = mc? describes the change.

E represents the amount of energy in joules.
m represents the mass in kilograms.

c is the speed of light in metres per second
(300 000 000 m/s).

Einstein's equation also describes how matter can be
changed into energy. That is what happens in nuclear
power stations and nuclear weapons.

Working with billions and trillions

One billion is equal to one thousand million, that is,
1 000 000 000, or 10°.

One trillion is equal to one thousand billion, that is,
1 000 000 000 000, or 102,

So one billion trillion is 1 000 000 000 000 000 000 000,
or 102!,

When numbers get that large, there are too many
zeroes to count. It is much easier to use powers of ten
notation, or scientific notation.

The steady state theory

According to the steady state theory, proposed in
1948, there was no beginning of the universe. It was
always there. The galaxies are continually moving
away from each other. In the extra space left between
the galaxies, new stars and galaxies are created. These
new stars and galaxies replace those that move away,
so that the universe always looks the same.

The evidence

A huge debate between those who supported the
steady state theory and those who supported the
big bang theory raged from 1948 until 196S.
During that period, the evidence supporting the
big bang theory grew.

The red shift

The red shift provides evidence for an expanding
universe. This evidence supports the big bang

theory and causes problems for those supporting
the steady state theory. A steady state universe
could expand only if new stars and galaxies
replaced those that moved away. There is no way
to explain how these new stars and galaxies could
be created from nothing. Apart from that, these
young stars and galaxies have not been found by
astronomers.

The elements

The amounts of hydrogen and helium in the uni-
verse support the big bang theory. According to the
steady state theory, the only way that helium can be
produced is by the nuclear reactions taking place in
stars. About 8.7 per cent of the atoms in the universe
are helium. This is far more than could be produced
by the stars alone. The percentage of helium atoms
can, however, be explained by their creation as a
result of the big bang.

The ‘big bang’ theory was first proposed in 1927 by
Georges Lemaitre, a Catholic priest from Belgium. But
it wasn't called the ‘big bang theory’ then. Ironically, the
name ‘big bang’ was invented by Fred Hoyle, one of the
developers of the steady state theory. He used the name

to try to ridicule the cosmologists
who proposed the ‘big bang’

theory.

In 1933, Lemaitre presented
the details of his theory to an
audience of scientists in

California. Albert Einstein, by
then recognised as one of
the greatest scientists

of all time, was in the
audience. At the

end of Lemaitre’s
presentation
Einstein stood,

applauded and

announced

‘That was
the most
beautiful and
satisfactory
explanation of

creation that

| have ever
heard’.
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The afterglow

When George Gamow and Ralph Alpher proposed
their version of the ‘big bang’ theory in 1948, they
calculated that the universe would now, about
15 billion years after creation, have a temperature
of 2.7°C above absolute zero. That's -270°C.
Anything with a temperature above absolute
zero emits radiation. The nature of the radiation
depends on the temperature. Gamow predicted that,
because of its temperature, the universe would be
emitting an ‘afterglow” of radiation. This afterglow
became known as ‘cosmic microwave background
radiation’.

This radiation was discovered by accident in
1965. Engineers trying to track communications
satellites picked up a consistent radio noise that
they couldn’t get rid of. The noise wasn’'t coming
from anywhere on Earth, because it was coming
from all directions. It was the cosmic microwave
background radiation predicted by Gamow. Its dis-
covery put an end to the steady state theory, leaving
the big bang theory as the only theory supported
by evidence currently available. Even Fred Hoyle,
who had ridiculed the idea of a ‘big bang’, admitted
that the evidence seemed to favour the big bang
theory.

The Wilkinson Microwave Anisotropy Probe (WMAP). Its main
mission was to gather evidence to help cosmologists find out how
the universe began and predict what will happen in the future.
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‘Mapping’ the universe

In 1989, a satellite named COBE (COsmic Back-
ground Explorer) was put into orbit around Earth
to accurately measure the background radiation and
temperature of the universe. COBE could detect
variations as small as 0.000 03°C. As predicted
by Gamow, it detected an average temperature of
-270°C.

In 2001, a probe called WMAP (Wilkinson Micro-
wave Anisotropy Probe) was sent into orbit around
Earth at a much greater distance to gather even
more accurate data, detecting temperatures within
a millionth of a degree. WMAP’s first images were
released by NASA in February 2003.

The computer-enhanced image of cosmic micro-
wave background radiation on the next page was
produced by the WMAP mission. The background
radiation detected was released only 380 000 years
after the big bang — the first radiation to escape. The
image shows how the temperature varied across the
universe as it was 380 000 years after the big bang. The
blue parts of the map are the cooler regions. These
regions were cool enough for atoms, and eventually
galaxies to form. The red parts are warmer regions.
The map shows that galaxies are not evenly spread
throughout the universe. They support the theory of
an expanding universe that began with a big bang.



WMAP image of cosmic microwave background radiation

Will it ever end?

Will the expansion of the universe continue
forever? If the universe does stop expanding, what
will happen to it? There are several competing
theories about the answers to these questions.
One theory suggests that there is not enough
mass in the universe for gravity to be able to pull

actl 1ties

1 What is the science of cosmology?
2 How old is the universe believed to be?

3 According to the ‘big bang’ theory, what was there at
the time of the big bang?

4 Why could there not have been anything before the
big bang?
5 Approximately how long after the big bang did:
(a) time and space begin to exist?
(b) matter appear?
(c) protons and neutrons form?
(d) neutral atoms first exist?

(e) galaxies begin to form?
6 How did galaxies begin to form?

7 What does Einstein's famous equation have to do with
the big bang theory?

8 Which of the two theories about the ‘beginning’
of the universe proposed that there was no
beginning?

9 How did the steady state theory explain that the
universe was expanding, yet remained the same?

10 What evidence put an end to the steady state
theory?

11 List three major pieces of evidence that supported
the big bang theory.

12 Name and describe three theories about how the
universe might end.

it all back and that it will continue to expand.
Other theories suggest that the universe will
eventually end. According to these theories,
the end will come when:
the universe snaps back onto itself in a ‘big
crunch’ (the ‘big crumnch’ theory). If this
happens, the end result will be a single point
— singularity. Some cosmologists believe that
the big crunch will be followed by another
big bang.
the expansion of the universe continues and
stars use up their fuel and burn out, causing
planets to freeze (the ‘big chill’ theory).
The universe would then consist of scattered
particles that never meet again.
the universe rips itself apart violently as a result
of expanding at an increasing speed (the ‘big
rip’ theory). According to this theory, the end of
the universe will also be the end of time itself.

THINK

13 What would have happened to the universe if, one
million years after the big bang, the matter in it was
perfectly evenly distributed and not moving?

14 Explain why neutral atoms were not likely to form
during the first five minutes after the big bang.

15 WMAP is able to provide a picture of the universe as
it was 380 000 years after the big bang. Why is it unable
to provide a map of the universe as it was before that
time?

16 Why go to the expense of measuring background
radiation with a satellite or space probe when it could
be done from Earth?

CREATE

17 Draw flowcharts to describe:
(a) the big bang theory

(b) how the big bang and big crunch cycle might work
together.

CONNECT AND INVESTIGATE

18 To find out more about the WMAP mission, including data
and images obtained since this book was published, go to
the website for this book and click on the WMAP weblink
(see ‘Weblinks’, page 305).

(a) what is the average temperature of the universe as
measured by WMAP?
(b) when were the first stars formed?

(c) according to WMAP, how old is the universe, and
how accurately is it known?
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7.6
__Eyes in space

here are more than 2000

satellites currently orbiting
the Earth, many of them con-
stantly ‘watching’ the activities
on and near the Earth’s surface.
Others provide views of the uni-
verse that could never be seen
from the Earth’s surface through
the atmosphere.

Trash 'n’ treasure in
orbit

Some of the satellites orbiting
the Earth are active and use radio
signals to send streams of data
down to the surface. Others have
stopped working but continue to
circle the globe. Some satellites
in lower orbits will gradually
slow down as a result of the thin
atmosphere. They will spiral in
towards the Earth in a fiery finish
as they burn up on re-entry.
The fate of others far beyond
the atmosphere is an eternity of
circling the Earth. They have
joined the pile of ‘space junk’
gradually accumulating in near-
Earth orbit.

All satellites orbiting the Earth
are held there by the Earth’s
gravitational pull directed to the
planet’s centre. This means that
the centre of every orbit coincides
with the centre of the Earth.
Some orbits skim as close as a

Equatorial
orbit

inclination 0°

inclination 90°

AVHRR-GAC SST from 10 Jul 2006 to 12 Jul 2006

102°E  10B"E 114°E 120°E 126°E 13°E  138°E  144°E 150°E  156°E

0 8 14 18 2
Temperature {degrees Calsius)

few hundred kilometres above
the surface. Others take a more
distant view. Dozens of satel-
lites appear to hover above the
equator, 35000km above the
ground. The time taken for one
complete revolution (the period
of orbit) depends on the height of
the satellite. Greater heights result
in greater periods.

Rain, hail or shine?

One group of satellites follows
a near-polar orbit, passing close
to the North and South poles
during each orbit. The US
NOAA (National Oceanic and
Atmospheric Administration) and

inclination 135°

Satellites follow many different types of orbits — equatorial, polar and just about

anything in between.
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This satellite
image shows the
variation in water
temperature in the
sea surrounding
Australia and New
Zealand. It was
obtained by a polar
orbiting NOAA
satellite, which
detects infra-red

26 a2 s
radiation.

Russian Meteor weather satellites
are typical of this group. They
complete an orbit every 90 minutes
in a plane fixed relative to the stars.
During this time, the Earth rotates
a little more than 20 degrees, so
each orbit passes over a new part
of the surface. This means that
these satellites have a view of every
point on the surface of the Earth
twice each day, making them ideal
for monitoring weather patterns or
surveying geological or agricultural
features.

Let's talk!

Another group of satellites orbit
directly above the equator (an
equatorial  orbit). By careful
adjustment of the height above the
surface, the period can be made to
match that of the rotation of the
Earth. This means that the satellite
remains above the same point on
the surface as it completes each
orbit. From the ground, it appears
to be fixed in the sky. An antenna
initially aimed directly at such a
satellite will remain locked on to its



The Earth is a magnificent sight when
viewed from geostationary orbit.

signal. This is the geostationary
orbit and it is invaluable for
providing continuous worldwide
communication.

Weather satellites in geosta-
tionary orbit continuously deliver
detailed images of more than one-
third of the surface, contributing
to the network of information
used to forecast weather patterns
around the world. The images
included each evening on tele-
vision weather forecasts are taken
from geostationary weather satel-
lites. The day’s images can be
animated to show the progress of
weather patterns sweeping across
the continent.

All other satellite orbits fall in
a plane inclined at some angle
to the plane of the equator. The
angle between the plane of the
orbit and the plane of the equator
is called the inclination of the
orbit. Space shuttles, for example,
typically orbit with an inclination
of between 30 and SO degrees.
The inclination of a near-polar
orbit is close to 90 degrees.

Looking in, looking out

Artificial satellites can be used to
look at the Earth or to look into
space. An inward-looking satellite
can sweep the surface of the Earth
every day, using cameras and remote
sensors to observe and measure
events on the surface hundreds

Be a geostationary satellite

® Select one person to act as the
Earth, rotating steadily on one spot.
Select another person to walk or
run around the ‘Earth’, representing
a satellite. Adjust your rotation
speeds so that the ‘Earth’s’ period
of rotation is the same as the
‘satellite’s’ period of orbit. Now
the ‘Earth’-bound observer can set

up an antenna by pointing straight
ahead. If the periods are correct, the
‘antenna’ will point continuously at
the ‘satellite’.

¢ Using this simple model, try to
find out how many geostationary
satellites are needed to provide
coverage of the whole 360 degree
circumference of the Earth.

or thousands of kilometres below.

An outward-looking satellite can

see directly into space, its view

unobstructed by the atmosphere,
pollution and dust. Light pol-
lution, an increasing problem for

Earth-bound observers as our

cities grow, is not an issue for an

observer in space.
Inward-looking
used for:

e collecting weather and climate
data, providing early warning of
events (such as volcanic activity
and changing ocean currents)
and showing long-term trends

e collecting data used for mineral
exploration,  crop  analysis,
mapping, identifying long-term
erosion or degradation

e strategic defence (‘spy-in-the-
sky’) systems

e communications for telephones,
television, radio and computer
data.

Outward-looking satellites are
used for:

e observing the other planets and
bodies circling the sun

* observing stars, galaxies and
other remote objects in space

¢ watching for comets and aster-
oids which may hit the Earth

e listening for signs of extra-
terrestrial life.

The Hubble Space Telescope is
an example of an outward-looking
satellite.

satellites are

actl 1t1es
REMEMBER

1 Explain the difference between
a geostationary orbit and a polar
orbit.

2 Why can a telescope in an
orbiting spacecraft ‘see’ into
space better than one on Earth?

3 What kinds of information about
the Earth can be collected
by satellites? How does this
information help us?

4 What is the inclination of the
orbit of a geostationary satellite
that is always directly above the
equator?

EVALUATE

5 What would the distance
between two geostationary
satellites be if they appeared
one degree apart to an observer
on the surface of the Earth?
(Geostationary satellites orbit
about 36 000 km above the
Earth’s surface.)

THINK

6 Explain how a weather satellite
in polar orbit is able to view so
much of the Earth’s surface.

7 Suggest what uses might be
made of sea surface temperature
images like the one on page 178.

8 How long does a geostationary
satellite take to complete one
orbit?

9 How would the view of Earth
from a low-orbit satellite be
different from the view from a
geostationary satellite?
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7.7

_Wish you were here!

Dear Mum,

Having a great tiwme on the space station! It's been six weelks and it
seems Like only o few days. The space shuttle will be pleking us up
next week for the trip home.

The view s cool — [ can see the lights of Melbourne right now. | wish
You were here to see it. | can't see Sydney. It must be cloudy there.
It’s @ bit Lonely) up here - that's the biggest probleme. The crew just
work, sleep and wateh TV. Some of thew play cards in their spare
tme. They have to use magnetised cards so that they stay on the
table. The first the they played, the magwetised cards made the
computer that controls the oxygen supply erash and we all got
drowsy. They have to play further away from the computer now.

[ was feeling a bit sick Last week. The doctor says it was because of
the microgravity and [ shouldn't worry about it. She said it might
happen again.  hope not! Vomiting in a space statlon is even Less
pleasant thaw it is at home! The crew was not bmpressed.

well, that's all the news for now. 'm golng to check out the moon
with my) telescope. It Looks much brighter than it does from home.

See You next week

Amg

It's different up there

A brief look at our life on the surface of the Earth quickly shows how
different life must be for an astronaut in orbit or travelling between
the planets. We all need air to breathe, water to drink and food to
eat. The temperature and humidity of our surroundings must be kept
within certain limits and we need to feel safe as we live and work.
All these basic needs must still be met if we are to live in space. In
addition, there are some major differences between life on Earth and
life in space which need to be taken into account. Humans must find
ways to solve problems caused by the differences if they are to live in
space safely and comfortably.

180 SCIENCE QUEST 4

Onward to
Mars

Designing spacecraft and pre-
paring astronauts for travelling
long distances in space presents
further challenges. So far, a
small number of astronauts have
travelled to the moon and back,
a total distance of about 770 000
kilometres. Advanced robotic
spacecraft have made their way
to study and map Mars and the
eventual aim is to establish a
research station on the surface of
the ‘red planet’. It is possible that
human beings will travel to Mars
within your lifetime, perhaps even
to set up a permanent station and
establish the first colony away
from Earth.

It takes advanced spacecraft
about 10 months to reach Mars’
orbit. A human cargo would have
to be returned safely to Earth,
so a complete mission, allowing
time for conducting research on
the planet’s surface could take
two years. Providing enough air,
food, water and other essential
items such as medicines is going
to be a real challenge for mission
designers.

Meeting basic
needs

A breath of fresh air

Providing air to breathe should
be quite straightforward. A
suitable mixture of oxygen and
nitrogen or ordinary air can be
compressed and stored under
high pressure in strong tanks, like
those used in a submarine or by
scuba divers. The gas mixture is



then released as it is needed. However, the amount
of breathable air that can be stored by this method
is limited and there can be a problem with carbon
dioxide accumulating in the sealed environment.

One solution to this problem is to use a
partially closed environmental control and life
support system to provide a breathable atmosphere
and water for drinking, food preparation and
washing. A typical system removes carbon dioxide
and contaminants from the air and processes
biological wastes, producing recycled oxygen and
fresh water. This is not a fully contained system, so
additional supplies of air and water are still needed.
An orbiting space station could be maintained with
the necessary regular supplies from Earth but a dif-
ferent system would be needed for a long-distance
space mission.

Let's eat

During early space flights, astronauts had to eat
specially prepared foods squeezed out of tubes like
toothpaste. Food processing techniques have since
been developed which allow the crew of an orbiting
spacecraft to eat normal food. In the International
Space Station, for example, a freezer and refrigerator
hold a wide range of foods, and convection micro-
wave ovens are used to prepare meals. Waste and

packaging can be compacted and returned to Earth
for disposal.

Feeling a little lighter?

Providing air for astronauts to breathe and a regular
supply of food and water is only part of the story. The
occupants of an orbiting space station experience
apparent weightlessness (see the information box on
page 182) and this affects just about every aspect of
normal living. Eating, drinking, personal hygiene, even
just moving around the spacecraft — these simple
tasks are all different in a microgravity environment.
Microgravity describes an environment in which
objects experience apparent weightlessness.

You won't believe what floats up
there!

Water droplets can be a real nuisance in space as
they float freely around the cabin of a space station.
To avoid this, crew members must wash their hands
in a cylindrical plastic bubble fitted with holes sealed
with cuffs. Shower stalls have been designed which
provide a steady flow of air and warm water that
cannot escape into the cabin. A combination clothes
washer-dryer is being investigated and designing
a toilet for use in space has also been quite a
technological challenge!

The International Space Station

The International Space Station (ISS)
could be the beginning of the age of humans
living in space. It is most likely that in

the future humans will travel to Mars and
perhaps other planets and their moons. The
International Space Station will provide a
stepping stone for these missions. It has
already allowed engineers and scientists

to start developing and improving the
technology to deal with the microgravity that
interplanetary travellers will experience.

The ISS is being constructed and operated
by a group of 16 nations: the USA, Canada,
Japan, Russia, Brazil and 11 nations of

the European Space Agency. It is being
constructed in modules as it orbits the Earth
at about 400 kilometres above the surface.
The first two modules were launched in 1998,
the first one in a Russian rocket and the
second aboard the space shuttle Endeavour.
The first full-time crew of the ISS arrived

on board in November 2000. Before it is
completed, about 80 rocket and space shuttle
missions will have added further modules
and transported crews to and from Earth.

At the time of publication, the ISS is due to
be completed in 2010.

The International
Space Station is
being constructed
module by module
as it orbits the
Earth.
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In the swing of things

Visit the local playground and
concentrate while swinging on the
swing. At the highest point of the
arc, you and the swing fall together
and the force you exert on the seat is
momentarily zero.

If the swing in the playground

does not appeal to you, try some of
the rides at a show like the Royal
Melbourne Show. Many of them
provide a thrill by changing the
forces acting on you. Some, like the
Kamikaze and other rides which

involve swinging back and forth,

will let you experience apparent
weightlessness without having to

go into space. As on the playground
swing, your apparent weight becomes
zero at the top of each swing.

Why do we say someone is
apparently weightless when they are
in orbit?

What would a set of bathroom scales
read if you could stand on them while
you were conducting the experiment
above? How easy is it to weigh
astronauts in orbit?

n
Most astronauts experience
dizziness and nausea as
a result of their apparent
weightlessness during their
first few days in orbit. These
symptoms can be reduced with
the use of motion sickness
drugs. Affected astronauts
usually stop feeling discomfort
after several days as their
bodies adjust to the apparent
weightlessness.

Watching your weight in space

On Earth, the force of gravity acts downwards on you,
giving you your weight. This weight, sometimes called your
apparent weight, can be measured by finding the force you
exert on a spring balance or scales. Imagine trying to find
your weight while bungee jumping. A set of scales falling
freely with you would read zero, since the spring inside
would not be compressed or extended. Your

apparent weight in free fall is therefore zero.

In a stable orbit around the Earth, astronauts are
also in free fall. The spacecraft and its occupants
are pulled by gravity into the same circular path,
so the force of gravity is not zero. However, their
apparent weight is zero since the crew and the
spacecraft are in a free fall together.

We say that the contents of the

spacecraft, including the crew

members, are apparently

weightless. People, equipment,

food and water will float freely

inside the spacecraft unless

restrained in some way.

Astronauts must learn to
work while floating freely
and apparently weightless
in orbit around the Earth.
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Maintaining the
comfort zone in space

It is possible to set up a reason-
ably comfortable environment for
astronauts to live in while they are
working in space, but microgravity
conditions can affect the health of
crew members, particularly during
long periods in orbit. Because
‘up” and ‘down’ have no meaning
under conditions of apparent
weightlessness, the body’s balance
mechanism cannot operate nor-
mally, and motion sickness and
disorientation often occur.

The heart does not have to
pump blood against the pull of
gravity, so it can become lazy
and not work as hard as normal.
Other muscles in the body tend
to get weaker unless regular
exercise is taken. During mis-
sions lasting more than a month,
a little-understood form of ‘space
anaemia’ develops due to the
loss of red blood cells. Sickness
can easily spread in such close
surroundings and psychological
problems such as depression can
develop.

actl 1t1es
REMEMBER

1 What is ‘apparent weightlessness’?

2 How does the human body react to the absence of the

effects of gravity?

THINK

Biology in space

A series of human life science experiments involving American space

shuttles and the Russian space station Mir was used to investigate ways

to minimise problems arising from life in space. Here are some of the
experiments that have been conducted.

* The eyes are linked to the balance mechanism in the inner ear,
allowing us to keep track of a moving object while the head and
body are moving. Long periods of apparent weightlessness can affect
this link and change the way the brain responds to a moving target.
Eye-head coordination tests have been conducted using a head-
mounted sensor to measure eye and head movements.

* After long periods of apparent weightlessness or decreased gravity,
a noticeable decrease in bone mass occurs in those parts of the
skeleton which normally carry weight. Tests before, during and for
three years after a flight produce valuable information about bone
loss.

e When the pull of gravity decreases, the human brain changes the
way it maintains balance. Space station crew members are closely
monitored on their return to Earth to find out how the long period of
apparent weightlessness changes the way that balance is controlled.

* The human body responds to the stresses of living in space by
changing the rate of protein production. Tests conducted during a
flight help to show the nature and extent of the changes and how
long it takes for the body to go back to normal after returning to
Earth.

There are many other changes experienced in space, such as an
increased risk of kidney stones, a higher than normal incidence of
back pain and changes to the body’s immune system. Understanding
these changes is vital to the development of a long-term space flight
program.

IMAGINE

7 Imagine thatyou are in ‘mission control’ communicating
by radio with an astronaut working on the planet Mars.
Describe the difficulties that you would have because
radio waves travelling at the speed of light can take up to
20 minutes to reach Mars.

8 Imagine that you are in a spacecraft on a mission
to Mars that will take several years. Write an email

3 How might the ‘day’ be managed for astronauts if the letter to a friend describing the first two weeks of the
sun rises and sets 14 times in 24 hours while they are year-long journey from Earth to Mars.

in a typical shuttle orbit?

CREATE

4 Explain why an orbiting space station is likely to be
described as a partially closed environment. 9 Construct a plan for a space station where six

scientists could live for a period of more than a year.

5 How might a human mission to Mars be kept supplied

with essential goods?

INVESTIGATE

6 Plan a series of experiments that could be carried out 10 Listen to (possibly even talk to) astronauts on a space

in Earth orbit.

shuttle or space station.
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Civics and citizenship:
Responsibilities in space

The human cost

Unfortunately, the cost of space exploration is not
just in billions of dollars, but also in human lives.

¢ Gus Grissom was the first astronaut to fly in space
twice. Unfortunately, he was killed in the first fatal
accident in a spacecraft. In January 1967, Grissom
and two other astronauts died when a spark set
off a flash fire in their oxygen rich Apollo 1 capsule
during a pre-flight test. Their mission was the first
in NASA’s Apollo project that eventually took
humans to the moon.

e [ ess than three months later, a Russian astronaut
died during re-entry when the parachute designed
to slow his space capsule failed to open.

* In June 1971, a Russian crew of three died during
the re-entry of their capsule. A hatch had not
been closed properly. The astronauts died of the
bends, the same condition that affects divers if
they surface too quickly from a deep dive.

e Millions of television viewers saw the space
shuttle Challenger explode 73 seconds after launch
in January 1986. The crew of seven were killed.

e In February 2003, the space shuttle Columbia
broke up during re-entry. Its crew of seven, who
had just completed a successful 16-day mission,
were killed.

The space shuttle Challenger
exploded soon after take-off on
28 January 1986, killing seven
astronauts.
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Oops

Apart from the tragic fatal accidents mentioned

above, there have been other accidents that show

just how risky space exploration can be.

* In 1979, the first US space station, Skylab, fell
without control back to Earth after 6 years in orbit.
It scattered its remains over the Indian Ocean and
remote areas of Western Australia. Fortunately,
nobody was injured by the falling debris.

e In 1987, a Russian satellite fell to Earth and what
was left of it after re-entry landed in an uninhabited
region of Canada.

* The Russian space station Salyut 7 returned to
Earth in 1991 and fell harmlessly as planned into
the Atlantic Ocean. However, some pieces of it
were reportedly found in the South American
country of Argentina.

Counting the cost

Technological developments in space exploration
are not achieved without cost. Some spacecraft carry
potentially harmful radioactive fuel. Disused satel-
lites, rocket parts and other space junk increasingly
fill the sky above us and some of it falls back to
Earth, with a risk of danger to life on the surface.
Wars fought from space are a real possibility as the
relevant technology is developed, and spying by
satellite has been accepted as a necessary evil by
some nations. And for many people, the develop-
ment of a global village challenges the very idea of
a world of separate nations.

The impact of a global village

Although it was not obvious at the time, the launch
of the Russian satellite Sputnik in 1957 started a
process which has permanently changed our life on
Earth. Orbiting satellite technology has opened up
almost limitless channels of communication. Our
television, telephone and computer networks cross
political and geographical boundaries, pushing us
closer and closer to the reality of a global village.
We accept worldwide communication as part of
our everyday life. News items feature live coverage of
events or recordings only minutes or hours old. Images
from space show us weather patterns developing as we




watch. We can telephone other countries directly and
the conversation is as clear as if we were telephoning
someone from a neighbouring suburb.

These changes are not limited to the so-called
‘developed nations’. Satellite dishes are now found
in remote villages around the world, bringing tele-
vised images of distant countries to people who have
never travelled more than a few kilometres from
home. This exposes traditionally isolated people
to the language, customs, ideas and ideals of other
nations.

Satellites save lives!

Australia: January, 1997. Three sailors participating
in the Vendee Globe challenge, a round-the-world
race for single-handed ocean-going yachts, were
plucked from the sea after experiencing major dif-
ficulties in the Southern Ocean. All three, and many
others around the world, owe their lives to the
satellites orbiting above their heads.

Yachts in races such as the Vendee are fitted
with satellite location beacons. These continu-
ously transmit radio signals which are picked up
and relayed back to Earth by a range of satellites.
When a yacht runs into difficulties, the beacon can
be switched to distress mode, alerting authorities on
land to the problem.

The risk of nuclear fuel

An international treaty prohibits the use of radio-
active thermal generators (RTGs) in spacecraft orbiting
the Earth. However, there is no ban on RTGs in space
probes taking off towards other planets. The RTG is
a common source of energy for deep-space probes
because they cannot rely on solar power. Although an
RTG in deep space does not seem risky, there is still
the possibility of an accident during a launch.

English sailor Tony Bullimore was rescued in 1997 after his
location was relayed via satellite to HMAS Adelaide.

In November 1996, nuclear emergency workers in
Australia were placed on standby as a failed Russian
planetary probe, powered by an RTG, fell to Earth.
The spacecraft, known as Mars 96, was designed to
travel to Mars and send two robotic landing vehicles
down to the surface of the ‘red planet’. Both landing
vehicles carried tiny batteries, each containing
200 grams of radioactive plutonium.

Soon after launch, a booster rocket should have
pushed the space probe out of Earth orbit and on
its way to Mars. It failed to ignite, leaving the craft in
an unstable orbit. The drag of the atmosphere then
brought Mars 96 back to Earth. It is impossible to
predict with any accuracy how a high-speed object
will fall through the air and for a while it seemed
likely that the landing point would be in the central
to eastern part of Australia.

The probe finally hit the surface somewhere in
the Pacific Ocean between Easter Island and the
coast of Chile. It was impossible to tell if any part
of the spacecraft survived the return to Earth. The
plutonium fuel was housed in canisters designed to
survive the impact of a Mars landing and may still be
lying on the bed of the ocean.

actl 1ties
REMEMBER

1 What is an RTG? What caused the RTG onboard the
Russian Mars 96 probe to land on Earth?

2 List some ways in which satellites can be used for
our benefit. Can they be used in undesirable ways?

THINK

3 What does the term ‘global village’ mean?

4 It has been suggested that one way to dispose of
radioactive or toxic materials is to put them into
space, or even to use space as a massive rubbish tip.
What are some of the problems associated with these
ideas?

5 Write an essay entitled ‘Into space — is it worth it?".
Present the cases for and against space exploration
and present your own opinion in a conclusion.

6 What sort of an orbit (see page 178) would be
appropriate for a spy satellite? Explain your answer.

7 Suggest why RTGs are permitted on deep-space
probes even though they are banned from Earth orbit.

INVESTIGATE

8 Research and report on the major issues surrounding
the human cost of space research, such as accidents
that have caused injury or death.

THE MYSTERIOUS UNIVERSE

185




here are billions of stars in

the known universe, many of
them similar to our own sun. It is
very probable that planets orbit
many of these stars. Perhaps the
right conditions for life to develop
can be found on some of them.
How would we know about the
presence of other life forms on
these distant planets? And how
might they know about us?

Prove it!

Ideas and theories in science
must be supported by evidence.
Direct evidence in this case could
take the form of actual sightings
or communication with other
beings but, as we will see, this
evidence might be very hard to
find. There is a greater chance of
collecting indirect evidence but
the interpretation of this kind
of information is often open to
argument.

Getting in touch

How would extraterrestrial beings
on planets orbiting distant stars
know of our existence? Some of
the features of the Earth’s surface
would provide clues to observers
who are close enough to see. For
example, the lights of our cities
or the largest of our structures,
like the Great Wall of China, are
visible from orbiting satellites.
There is a slight chance that our
long-distance space probes might
be observed from afar. Because
of this, scientists have sent along
with several probes some vital
clues about us and the nature of
our civilisation. The Pioneer 10 and
Pioneer 11 spacecraft, launched in
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Anybody out there?

This is the plaque that has been carried by Pioneer 10 and Pioneer 11 since they were

launched more than 25 years ago.

1972 and 1973, carry a gold-plated
plaque which depicts a man and
a woman, a simplified map of the
solar system and other important
scientific clues that show humans
have reached a particular level of
technological development. Some
of the information is coded in a
way that would be easy for another
civilisation that has reached a
similar level of development to
interpret.

Pioneer 10 skimmed past Jupiter
in December 1972, then acceler-
ated to a speed great enough for
it to escape from the gravitational
pull of the sun. It is now heading
off in a direction which will take
it between the constellations of
Taurus and Orion, a reasonably
clear tract of space in which it
might easily be noticed. Pioneer 11
is following a similar path to the

stars after its close encounter with
Saturn. The two Voyager probes
are carrying information in a quite
different form — a gramophone
disc containing speech and music,
with instructions on how to play
it!

The problem with relying on
space probes as messengers is
that they travel so slowly, only
about 11 kilometres per second.
The Pioneer and Voyager space
probes are likely to travel for
thousands,  possibly  millions
of years through the vacuum
of space, but the distance they
will cover in that time will be
tiny on an astronomical scale. A
much speedier way of sending a
message is to load it onto a radio
wave, which travels through space
at 300 000 kilometres per second,
which is the speed of light.



This image of Canberra was taken by the space shuttle Endeavour
in 1994. The purple cross in the lower left corner is a reflection from
a large dish-shaped radio antenna at the Tidbinbilla Canberra Deep
Space Network Communication complex (inset), which is operated
jointly by NASA and the Australian Space Office.

The 64-metre diameter CSIRO radio telescope at Parkes, New South Wales,
opened in 1961. Since that time, the total energy collected from radio signals in
space would be enough to light a torch bulb for only a fraction of a second. The
very weak radio signals it receives have to be amplified about ten thousand
million times. This telescope identified the first quasar in 1963 and has since
been involved in many new discoveries.

Calling ET

Space is already full of radio
waves coming from violently
erupting stars and swirling clouds
of gas. Scientists and engineers
discovered  this  background
‘noise’ very early in the history of
radio and this discovery led to the
science of radio astronomy. Radio
messages carrying information
are different, however, from the
squeaks and whistles of the back-
ground radiation, because such
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The Very Large Array in New Mexico consists of 27 dishes, each with a diameter of
25 metres, arranged in a ‘Y’ shape. This is the equivalent of a single radio telescope
with a diameter of 35 kilometres.

messages usually contain regular
patterns. Digital signals, made up
of a series of ones and zeroes, are
particularly distinctive and can be
used to carry a large amount of
easily decoded information.
Guglielmo Marconi first experi-
mented with radio transmissions
around the beginning of last
century. This means that weak
radio signals have been travelling
outwards from Earth for just over
100 years. It is possible that signals
like these could be intercepted by
beings on other worlds up to 100
light-years away, as long as these
beings had reached a level of tech-
nology sophisticated enough to
receive the incredibly weak signals.

Searching for
signals

Could we receive signals from
space which carry information?
This is the focus of SETI, an
international group of scientists
who are conducting a Search for
ExtraTerrestrial Intelligence. As
part of SETT’s Project Phoenix, for
example, the CSIRO in Australia
agreed to the use of the Parkes
radio telescope for a period of time
in 1995 for SETI observations.

A total of 172 stars were
observed, each for between 2.5
and S5 minutes, over a range of
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radio frequencies from 1200 MHz
to 3000 MHz. In all, more than
20 000 observations were made
in 2400 hours of telescope time.
Particular stars were chosen for
observation because of the high
likelihood that they have planets.
Any signals which showed signs
of regularity were investigated
more closely to eliminate the
effects of interference from radio
transmitters on Earth or carried
on orbiting satellites.

The summary of Project
Phoenix in Australia is very
brief: ‘No signs of extraterrestrial
intelligence were found’.

Looking for clues

If they cannot communicate
directly =~ with  extraterrestrials,
scientists must collect other forms
of evidence to support the case
for the existence of life elsewhere
in the universe. They might, for
example, look at the conditions
organisms need to develop and
survive and then at how likely it
is that planets that provide these
conditions exist. If scientists
could discover which molecules
are typical of life, they would be
able to strengthen their case by
searching for planets where the
conditions that produce these
molecules are found.

Planets outside

the solar system

At the time of publication of
this text, more than 150 planets
outside the solar system have
been discovered. Planets orbiting
stars other than our sun are
called  exoplanets. Although
the existence of exoplanets was
suspected for many years, the first
discovery of an exoplanet was not
confirmed until 1994. Since that
time, improvements in telescope
technology have made it easier
for astronomers to identify these
planets. Most exoplanets have been
discovered using observations of
stars that appear to wobble.

Stars with the
wobbles

When a small mass orbits a
larger one, it causes the central
mass to ‘wobble” slightly (see the
experiment on the next page).
The larger mass may be a visible
glowing star and the smaller mass
a dark planet. If the planet is
massive, the star’s wobble may be
directly seen by a nearby observer.
In some cases, the wobble is too
slight to be seen and the move-
ment of the star can be deduced
only from frequency changes in
the light it emits caused by the
Doppler effect (see page 172).

A large planet orbiting a star can
cause the star to move towards
and away (wobbling) from the
observer. As it does so, the fre-
quency of lines in the spectrum of
light from the star will be shifted
higher or lower than normal by
the Doppler effect.

By measuring the amount of
‘wobble’ it is possible to estimate
the number and mass of planets
orbiting a star. Each of these stars
could be orbited by one or more
planets. However, the planets



discovered by observing wobbling
stars are very large and similar to
the gas giants of the solar system.

Rocky planets

In recent years, a new technique
called micro-lensing has enabled
astronomers to discover smaller,
rocky planets. These are the planets
most likely to support life. Micro-
lensing involves observing a star
when it passes directly in front of
a more distant star. The gravity of
the star in front acts like a lens as it
pulls the light inwards. As a result,
the light from the distant star con-
verges. To the observer, it appears
much brighter. If the star in front
has one or more exoplanets, there
are variations in the brightness of
the observed light.

distant star
&

observer

Not to scale

Based on the evidence collected
so far, it is not possible to say
whether any of these exoplanets
could support life of any type.
Scientists believe that life is most
likely to exist only within a narrow
range of conditions. These con-
ditions are found in our solar
system in a belt extending from
just inside the orbit of Venus to just
outside the orbit of Mars. Within
this belt, the temperature range can
be tolerated by living organisms,
although Venus is much hotter
than might be expected because of
the ‘greenhouse effect’ caused by
its complete cloud cover.

giperiment

>MOOELLING A WOBBLING STAR

You will need:

two different round masses firmly
fastened to a wooden rod

nail

a stand on which to balance the
rod and masses

* Find the point along the rod at which
the two different masses balance.

This will be closer to the larger mass.

Drive the nail carefully into the rod at
this point and fasten it to the stand
so that the rod is horizontal and
pivots on the nail.

e Start the rod spinning slowly and
watch the larger mass closely,
looking from a position level with
the rod. (It helps if the larger mass is
white and the smaller mass is black.)

* You should see the larger mass
‘wobbling’ from side to side as the

balance point

large mass l small mass
wooden rod
nail
heavy base

The two masses represent stars of
very different size.

rod rotates. A similar wobble is seen
when a star is orbited by a smaller
companion star or a large planet.

1. What would you expect to see if the
masses were equal?

2. What would happen to the apparent
brightness of the larger ‘star’ as the
smaller passes in front of it?

actl 1ties
REMEMBER

1 What is an exoplanet?

2 Explain how the wobbling of a
star can be used to demonstrate
the existence of an exoplanet.

3 How is the wobbling of distant
stars detected?

4 What is micro-lensing and how is
it used to detect exoplanets?

THINK

5 Why is it unlikely that our radio
transmissions have been picked
up by extraterrestrial beings?

6 Why is Mars the most likely place,
other than Earth, to find evidence
of life in the solar system?

7 What is the greatest distance
(measured in light-years) that
radio waves have travelled from
Earth since Marconi first used
them to send a Morse code
message in 1898? How far is this
in kilometres?

8 How could a space probe
carrying humans make its way to

investigate planets orbiting other
stars? Consider, for example, the
distance involved, the speed of
such a spacecraft, the time the
journey might take and the needs
of the crew onboard.

9 Should we be trying to contact
‘ET’'? Give reasons for your
response.

CREATE

10 Design a plaque or a package to
be carried on board a deep-space
probe to give extraterrestrial
beings important information
about the Earth and the living
things on it.

INVESTIGATE

11 Find out about the search for
extraterrestrial intelligence.
Which organisations are
involved? Why is this important?
What do they hope to find?
What kinds of evidence are they
searching for? How would proof
of the existence of beings on
other planets change the way
people think?
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Thz'nkz'n§ tools:

Priority grids and matrixes

1. Draw two continuums that cross through each other at right angles.

2. Divide each line into six equal parts.

3. Put a label like ‘difficult’ on the left end of the horizontal line and ‘easy’ on the right.

4. Put a label like ‘high reward’ at the top of the vertical lines and ‘low reward’ at the bottom.

5. Think of an activity and assess it using these two lines, placing a mark where you think it
fits best. Repeat this for other activities or ideas.

6. Compare and discuss your marked positions with those of others in your class. Share your
ideas, values, views and judgements, and listen to those of others.

7. After your discussions and reflections, write your final positions directly onto the grid.

Which is the best option to
follow and why?

how to ...? |

helps you make decisions and
see how your views and
judgements compare with others

[ question
why use?

I

priority grid

good result __

Both help you to

ioriti id also 6 comparison think about
priorities grid; | 1 || . ' )
decision grid called patterns or key
5 points in the
9 information.
- -+ o
e @
3 S Py 3  Difenee
o ’ ’ - o matrix
& 3 oy Matrixes classify
-] -F information based
2 on the presence or

absence of key
features; priority

example 1 .Q@ example grids help you to
‘scale’ various
bad result perspectives.

ugly duckling 9000‘ (ke

grows up and becomes
himself

|V aArari
? v v
3 v v |V

doesn't think Adapted with permission from Hawker Brownlow Education © 2005 modellearning.com Thinking
for nimself Skills and EyeQ: Visual Tools for Raising Intelligence by lan Harris, Oliver Caviglioli and Bill Tindall

diffioult

ugly duckling

feels he cannot be
as good as the

other ducks

bad result
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actl 1t1es
THINK AND CREATE

1 Use a priority grid to evaluate each of the
following current and future challenges in
space exploration.

(a) Completing and maintaining a
permanent Earth-orbiting space
station.

(b) Building and operating a permanent
base on the moon.

(c) Landing a human on the planet
Mars.

(d) Searching for extraterrestrial life
forms.

2 A matrix can be used to compare the
twentieth century’s two ‘competing theories’
about the universe. Copy and complete the matrix
below, using ticks to show which statements apply to

one, both or neither of the theories. A permanent base on the moon is a real possibility. But

how important is it? Are the benefits worthwhile? A priority
grid can be helpful in answering questions like this.

Statement

The universe has no beginning.
The universe began with a single point called singularity.
The universe is expanding.

The universe always looks the same.

The red shift in the spectrum of visible light coming from stars and galaxies provides
evidence for this theory.

New stars and galaxies are created to replace those that move away due to
expansion of the universe.

This theory explains the amount of helium in the universe.

This theory is supported by the measurement of the current temperature of the
universe (about —270°C).

This theory was first supported by a Catholic priest.
This theory will never be proven incorrect.

An end was put o this theory in 1965.

3 Use matrixes to compare:
(a) stars and planets
(b) living in space and living on Earth
(c) three theories about how the universe
might end.

New stars are forming right now in nebulae like this
throughout the universe. According to one theory,
this has been happening forever — according to
another theory it has been happening only for about
14 billion years.
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Looking

1.

Across

6.

7.

10.

13.

14.

15.

16.

17.

Down

1.
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_

12.
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. Name given to the range of

Solve the following e
crossword puzzle. ‘%\ﬁf’iﬁ

Search for extraterrestrial

intelligence (abbreviation)
The constellation of which the

Saucepan is a part (also known
as the Hunter)

colours of visible light

The distance travelled by light in
ayear (two words)

A type of orbit that takes

satellites above both the North
and South poles

Name of two space probes
that are carrying messages
into space in the form of gold
plaques

A natural display of lights on
Earth that occurs during periods
of high activity on the sun’s
surface

The galaxy of which the solar
system is a part

Most of the interstellar matter
between the stars consists of
this element.

An effect that shows that some
stars are closer to us than
others

. The Earth’s only natural satellite
. The sun is one of these.

; — 2 ; ; . . . .
. The fgmous equation E = mc*is att_rlbuted to this man. ated with the changmg pltch of a sound as its
. The violent fate of some very massive stars
. A Russian space station

around the Earth
The universe seems to be doing this.

For what do each of the following abbreviations

stand?
(a) RTG
(b) ISS

Why are the constellations we see now so dif-
ferent from the way they were many centuries

ago?

ence between the
apparent magnitude
of a star and its
absolute magnitude.

Explain the differ-
|
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5. The Doppler effect is most commonly associ-

source moves past you. For example, the pitch

. A force that doesn’t seem to exist when you are in orbit of the noise made by a speeding train increases
as it approaches you and decreases as it moves
away from you. Explain how the Doppler effect
is relevant to the study of the universe.




10.

. How have scientists gained their knowledge

of the life and death of stars if the processes
involved take millions of years to occur?

. What is the difference between a neutron star

and a black hole?

. Two different theories about the beginning of

the universe emerged during the twentieth
century.

(a) Name the two theories.

(b) Which of the two theories proposed that
there was no beginning?

(¢) Which of the two theories lost favour in
1965? Why did it lose favour?

. In your own words, write an account (about 200

words) of the first second after the big bang.

Which of the three theories about the end of
the universe do you think is the most likely to
be correct? Give reasons for your answer.

11.

12.

How do the satellites orbiting above your head
directly affect your life?

Imagine that you have been selected to visit
the International Space Station for six months.
Design an experiment that you could conduct
on the ISS that could not be conducted on
Earth.

13.

14.

Make a list of the problems that you would
encounter if you were living on a space station
orbiting the Earth. Include only those that
would not occur on Earth. Assume that you are
in orbit for a period of exactly one year.

What is cosmic microwave background radiation
and why does it exist?

An image of cosmic microwave background radiation

15.

16.

Many of the billions of stars in the universe
are similar to our sun. We already know that
planets orbit many of these stars. These planets
are called exoplanets.

(@) Exoplanets are too small to be seen with any
telescopes. Explain how we know that they
exist.

(b) Explain why it is unlikely that a spacecraft
carrying humans will ever reach planets
outside the solar system.

Imagine that it was possible to send a spacecraft
beyond the solar system to search for extrater-
restrial life. Imagine that you are one of the crew.
Write a story about your spacecraft and your
journey, using some of the knowledge that you
gained about the universe and living in space
from this chapter.
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