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Space has fascinated mankind from the earliest days of 
civilization, and as we keep scratching the surface of the 

vast universe in which we live, our sense of awe and wonder 
continues to grow unabated. Now, with the technological 
advancements being made by the world•s space agencies, 
we understand more than ever about the things that are 

happening beyond our own planet. This “  fth revised edition 
of the How It Works Book of Space has been updated with 

more of latest astronomical advancements, stunning space 
photography from the most advanced telescopes on the 

planet, and glimpses at what the future of space exploration 
holds, such as the planned mission to Mars. Taking you from 

the heart of our Solar System and out into deep space, we 
show you incredible solar tornadoes, supernovae, zombie 

stars, black holes and much more. Get ready for lift off.
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The Solar System formed about 4.6 billion 
years ago, when part of a giant molecular 
cloud had a gravitational collapse. The 
centre became the Sun, which comprises 

more than 99 per cent of the Solar System•s total mass. 
The rest became a dense, ” at rotating disk of gas from 
which planets formed, called a protoplanetary disk. 
In our Solar System, most of that disk became the 
eight planets, each of which orbits the Sun. 

There are two different categories of planets: gas 
giants and terrestrials. The gas giants are the four 

outer planets: Jupiter, Saturn, Uranus and Neptune. 
They are much bigger than the terrestrial planets and 
are mostly made of helium and hydrogen, although 
Uranus and Neptune also contain ice. All of the outer 
planets have ring systems made of cosmic dust. These 
planets comprise more than 90 per cent of the rest of 
the solar system•s mass. 

The four inner planets are very close to the Sun. To 
grant perspective, for example, the distance between 
Jupiter and Saturn is larger than the radius of all the 
inner planets put together. These terrestrials are 

made up from rocks and metals, have no ring systems 
and have a low number of satellites (moons). They 
include Mercury, Venus, Earth and Mars. Except for 
Mercury, the inner planets also have recognisable 
weather systems operating in their atmospheres.   

In addition to the eight main planets, there are also 
dwarf planets such as Pluto. The “ ve dwarf planets 
are Ceres, Pluto, Haumea, Makemake and Eris. In 
addition, the Solar System is home to numerous small 
solar system bodies, which include all minor planets, 
asteroids and comets.  

Solar System
Bound to the immense mass of the Sun by 
gravity, the contents of our Solar System 
are numerous and spectacular

Earth to Saturn 
in a Mini Metro!
How long would it take to reach the 
planets in a moderately priced car?

Can•t afford that ticket on the next spaceship out of 
town? Well, fear not, for if you are the patient type and 
hold an interplanetary driving licence then you can 
drive to that Earth colony orbiting Saturn in next to no 
timeƒ well, relatively speaking. In our souped-up Mini 
Metro, travelling at an average speed of 120mph, any 
traveller can reach Saturn in only 842 years. Better 
stock up on travel sweets thenƒ

SOLAR SYSTEM
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Our Solar System

The Statistics
The Sun

Type: Star
Rotation (Equatorial):  25 days
Rotation (Polar):  34 days
Mass: (Earth= 1) 333,000
Surface temperature:  5,500°C
Core temperature:  
15 million °C
Diameter (Equatorial):  
864,900 miles

The Statistics
Saturn

Type: Gas giant
Rotation (Equatorial):  
10,759 days
Rotation (Polar):  10.66 hours
Volume:  (Earth = 1) 763.59
Average distance from Sun:  
888 million miles
Number of moons:  34
Speed: 9.69km/s
Surface temp:  -140°C

The Statistics
Uranus

Type: Gas giant
Rotation (Equatorial):  
30,799 days
Rotation (Polar):  17.24 hours
Volume:  (Earth = 1) 63.1
Average distance from Sun:  
1.78 billion miles
Number of moons:  27
Speed: 6.81km/s
Surface temp:  -214°C

The Statistics
Neptune

Type: Gas giant
Rotation (Equatorial):  
60,179 days
Rotation (Polar):  16.11 hours
Volume:  (Earth = 1) 57.74
Average distance from Sun:  
2.8 billion miles
Number of moons:  13
Speed: 5.43km/s
Surface temp:  -220°C

The Statistics
Pluto

Type: Dwarf
Rotation (Equatorial):  
90,613 days
Rotation (Polar):  N/A
Volume:  (Earth = 1) 0.0059
Average distance from Sun:  
3.7 billion miles
Number of moons:  3
Speed: 4.666km/s
Surface temp:  -230°C

Main belt
Often referred to as the 

asteroid belt, the Main belt 
is an encircling ring of 

meteors, asteroids, dwarf 
planets and dust particles 

that sits between the 
terrestrial planets and the 

gas giants.

The Sun
4.6 billions years old and 

currently in its main-sequence 
stage, our Sun is a huge 

sphere of exceedingly hot 
plasma containing 750 times 

the mass of all the solar 
system•s planets put together. 
Deep in its core nuclear fusion 

of hydrogen produces 
massive energy that is 

gradually carried outwards 
through convection before 

escaping into space.

5. Jupiter
The largest and most 

massive of all planets in the 
Solar System, Jupiter has 

almost 2.5 times the mass of 
the other eight planets 

combined and over 1,300 
Earths could “  t inside it. 

Jupiter is also the “  rst of the 
gas giants and is largely not 

solid in composition, 
consisting of an outer layer of 

gaseous hydrogen and 
helium, an outer layer of 

liquid hydrogen and helium 
and an inner layer of metallic 
hydrogen. However, deep in 

its body (roughly 37,000 
miles in) there is a solid core 
made up of rock, metal and 

hydrogen compounds.

9. Pluto
Often mistaken as the last planet in our Solar System, 
Pluto is actually not one but instead a dwarf planet. 
Dwarf planets are bodies that orbit the Sun and have 
enough mass and gravity to be spherical, but ones that 
have not cleared the region around its orbit. Pluto is such 
a dwarf planet and is one of the furthest circling bodies 
of our solar system. Pluto•s atmosphere is 99.97 per cent 
nitrogen and it is astronomically cold, with an average 
temperature of -230 degrees Celsius.

6. Saturn
A massive ball of gas and liquid, Saturn is the least dense of all the 
planets in the Solar System. Circled by a spectacular system of 
rings, which are composed of stellar dust, boulders and gases, 
Saturn has a hazy appearance and due to its rapid spin is a 
massive ten per cent larger at its equator than at its pole. 
Interestingly, Saturn is so light … thanks to its 
composition from the lightest elements … that if it 
could be hypothetically placed in a galactic-sized 
ocean of water it would ”  oat. As with Jupiter, 
Saturn is a gas giant with a tiny solid core 
composed of rock and ice.

7. Uranus
The “ rst planet to be discovered by telescope, 

Uranus appears to the eye as a pale blue, 
characterless disk, encircled by a thin system of 11 

rings and 27 tiny moons. Its blue colour is a result of 
the absorption of the sunlight•s red wavelengths by 

methane-ice clouds within the planet•s cold 
atmosphere … a process which also renders its 

atmosphere calm and inert thanks to the creation of 
haze particles. In reality, however, Uranus•s 

atmosphere is active and consistently changing with 
huge winds driving systems of ammonia and water 

over its surface. 

8. Neptune
Neptune was imaged for the “  rst 
time in 1989, discovering an 
encircling set of rings and six of its 
13 moons. Neptune•s structure is 
very similar to that of Uranus, with 
no solid surface and central layers 
of water, methane and ammonia 
ices as well as a possible rock/ice-
based core.

Comets
Comets are small, 
fragile, irregularly 

shaped bodies 
composed of a 

mixture of non-
volatile grains and 

frozen gases

SOLAR SYSTEM
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1  Hypothetically speaking, 
Saturn is so light that if it were 
placed in a galactic sized 
swimming pool it would ”  oat. 
Hard experiment to carry 
out though!

Lightweight

2  Due to the size and short 
orbital distance between Pluto 
and its largest moon Charon, it 
is often treated as a binary 
system as its centre of mass 
lies with neither.

Binary

3  Mars, often referred to by 
people as the •red planet•, is 
actually red thanks to its 
coating of iron dust, which 
prevails in its carbon 
dioxide-rich atmosphere.

Dust bowl

4  Jupiter is so large that over 
1,300 Earths could “  t inside it 
and it has a mass which is 2.5 
times larger than the total of 
all other eight planets in the 
solar system combined.

Big boy

5  During the day on Mercury, 
the closest planet to our 
Sun in the solar system, the 
temperature reaches up to a 
positively scorching 430 
degrees Celsius.

Tantastic

 Our solar system is nearly five billion years old and is made up of eight planets and 170 moons 

Map of the 
Solar System
Discover the star, planets 
and space phenomena that 
make up our Solar System

The Statistics
Mercury

Type: Terrestrial
Rotation (Equatorial):  88 days
Rotation (Polar):  59 days
Mass: (Earth = 1) 0.056
Average distance from Sun:  
36 million miles
Number of moons:  0
Speed: 47.87km/s
Surface temp:  -187°c … 427 °C

The Statistics
Venus

Type: Terrestrial
Rotation (Equatorial):  
224.7 days
Rotation (Polar):  243 days
Mass: (Earth = 1) 0.86
Average distance from Sun:  
67.2 million miles
Number of moons:  0
Speed: 35.02km/s
Surface temp:  464°C

The Statistics
Earth

Type: Terrestrial
Rotation (Equatorial):  
365.26 days
Rotation (Polar):  23.93 hours
Mass: (Earth = 1) 1
Average distance from Sun:  
93 million miles
Number of moons:  1
Speed: 29.783km/s
Surface temp:  15°C

The Statistics
Mars

Type: Terrestrial
Rotation (Equatorial):  
687 days
Rotation (Polar):  24.63 days
Mass: (Earth = 1) 0.15
Average distance from Sun:  
141.6 million miles
Number of moons:  2
Speed: 24.007km/s
Surface temp:  -125°C … 25°C

The Statistics
Jupiter

Type: Gas giant
Rotation (Equatorial):  
4,331 days
Rotation (Polar):  9.93 hours
Volume:  (Earth = 1) 1,321
Average distance from Sun:  
483.6 million miles
Number of moons:  63
Speed: 13.07km/s
Surface temp:  -110°C

1. Mercury
Iron-rich Mercury is the smallest of the main planets in the 
Solar System and the closest to the Sun. There is almost no 
protective atmosphere surrounding Mercury and, because of 
this, temperatures on the planet ”  uctuate massively from 
427 degrees Celsius during the day to -187 degrees Celsius 
during the night. Worryingly, if an observer were able to 
stand on the planet they would experience a period of 176 
Earth days between one sunrise and the next. Better stock 
up on suntan lotion and woolly socks thenƒ

2. Venus
The hottest of all planets, Venus … 

thanks to its permanent 
atmospheric blanket of dense 

gaseous clouds … has an average 
temperature of 464 degrees 

Celsius. The surface is dry, lifeless, 
scorching hot and littered with 

volcanoes and dust storms. 
Named after the Roman goddess 

of love and beauty due to its 
beautiful, sun-re”  ecting, cloud-

based atmosphere, in reality 
Venus holds one of the most 
hostile environments of any 

planet. Interestingly, Venus spins 
in the opposite direction from 

most other planets.

4. Mars
Known as the red planet thanks to its rust-red colouring, and 

named after the Roman god of war, Mars is home to the highest 
volcanoes (albeit dry and inactive) of any planet in the Solar 

System. Current research and evidence suggests that while Mars is 
an inert planet now, in the past it was very much active, with 

volcanic activity and water existing over large parts of it. Mars is 
the outermost of the four terrestrial •rocky• planets and its internal 

structure is rich in sulphur, iron sulphide and silicate rock.

3. Earth
While similar in internal 
composition to its 
neighbouring planets … 
composed of three distinct 
layers made up mainly of iron, 
magnesium and silicates 
respectively … Earth differs on 
its surface thanks to an 
abundance of liquid water and 
an oxygen-rich atmosphere. 
Due to Earth•s rotation the 
planet bulges at its equator by 
13 miles when compared to 
both its poles and its spin axis 
is tilted at an angle of 23.5 
degrees, one of the factors 
that gives rise to its seasons.
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1  Explorer VII was the “  rst 
Earth observation satellite. 
It was launched on 13 
October 1959 and measured 
thermal energy that was 
re” ected by the Earth.

First

2  The ESA•s environmental 
satellite Envisat is the 
world•s largest operational 
non-military Earth observation 
satellite. It is the size of a 
double-decker bus.

Largest

3  1.3 million i mages from the 
Terra satellite•s telescopes, 
covering 99% of the Earth•s 
surface, have created the 
most complete terrain map of 
our planet.

Worldwide terrain map

4  The Landsat satellites 
discovered that maps of small 
islands in the Paci“  c Ocean 
were indicated as much as 
16km (10 miles) from their 
true position.

Accuracy

5  Most Earth observation 
satellites travel in polar orbits 
that go over the North and 
South Poles, and are able to 
view the whole of the globe as 
it turns beneath it.

Polar

The crew of Apollo 8 were 
the “ rst people to see and 
photograph our planet as a 
globe in its entirety. 

During the fourth orbit around the 
Moon, Lunar module commander 
William Anders took a series of 
photographs of the Earth that became 
known as •Earthrise•. They revealed 
the true splendour of our planet 
suspended in stark contrast with the 
barren lunar surface, and became an 
icon for showing that our home is a 
fertile and fragile dot of life in an 
immense and deadly universe. 

From the Sixties onwards an 
enormous number of Earth 
observation satellites have been 

launched to look at the hard facts 
about the state of our global 
environment, as it is assaulted by 
extremes of natural events and the 
impact of human activities.

Observations from space can study 
large patterns of change throughout 
the Earth•s surface and in the 
atmosphere, and can be used to 
supplement information gained by 
ground or ocean-going instruments. 
The additional bene“  t of satellites is 
they can transmit data continuously, 
and cover areas of the Earth that are 
inaccessible or too hostile for any 
other methods of gaining information.

At “ rst, Earth observation satellites 
simply used visible light and infrared 

sensors to monitor the position of 
clouds for weather forecasting. Later, 
microwave sensors were introduced 
to improve these forecasts by 
obtaining measurements of the 
temperature, pressure and humidity 
in different layers of the atmosphere.

The success of such satellites led 
NASA to launch the Landsat series of 
observation satellites in July 1972. 
Using multi-spectral scanner 
instrumentation, Landsats were able 
to produce images of the Earth•s 
surface gained from up to eight 
different wavelengths, showing the 
distribution of snow and ice cover, 
vegetation, landscapes, coastal 
regions and human settlements, 

which proved to be a rich source of 
new data for cartography, geology, 
regional planning, forestry, 
agriculture, climate studies and 
educational purposes.

In the Seventies, Landsat data about 
the worldwide state of wheat crop 
growth was used to forecast yield 
rates and stabilise the market for this 
crop, which led to more stable prices 
for consumers. Using data from 
Landsat images, researchers recently 
discovered 650 previously unknown 
barrier islands, including a chain of 54 
islands that stretch 563km (350mi) 
from the mouth of the Amazon River. 

Satellites save lives and reduce 
property damage by tracking and 
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MERIS 
The MEdium Resolution Imaging 

Spectrometer (MERIS) consists of “  ve 
cameras that are each linked to 
spectrometers to measure the 

re” ectance levels emitted from the Earth. 
These determine the amount of 

chlorophyll and sediments in oceans and 
coastal waters, and can examine the 

effectiveness of plant photosynthesis

AATSR 
The Advanced Along Track Scanning 

Radiometer (AATSR) is a passive 
radiometer with a wide-angle lens 
that measures visible and infrared 

emissions from land and ocean 
surfaces. Its measurements of 

thermal brightness are accurate to 
at least 0.05°C

GOMOS 
The Global Ozone Monitoring by Occultation of Stars 

(GOMOS) is the “ rst instrument to use the occultation 
of stars to measure trace gases and aerosols from 

15-100km (9-62mi) above the Earth. In each orbit, it can 
check 40 stars and determine the presence of 

atmospheric chemistry by the depletion of their light

SCIAMACHY 
Scanning Imaging Absorption spectroMeter for Atmospheric 
CartograpHY measures solar radiation primarily transmitted, 
backscattered and re”  ected in the stratosphere and 
troposphere. By examining UV, visible and near-infrared 
wavelengths, it detects low concentrations of gases and aerosols

RA-2 
Radar Altimeter 2 (RA-2), 
working on the 13.575GHz 
(Ku-band) and 3.2GHz 
(S-band) frequencies, 
bounces the two-way 
radar echo off the Earth•s 
surface in less than a 
nanosecond. The power 
and shape of these pulses 
enables it to de“  ne land 
and ocean topography 
and monitor snow and 
ice “ elds

LRR 
The Laser Retro-Re” ector (LRR) is 
positioned on the Earth-facing side of 
the Envisat, close to the RA-2 antenna. 
It•s a passive device that allows 
high-power pulsed ground-based 
lasers to accurately determine the 
position of the satellite to calibrate the 
RA-2 and DORIS instruments

MWR 
The MicroWave Radiometer operates at 
frequencies of 23.8GHz and 36.5GHz. It•s a 
nadir-pointing instrument (faces down at 
the Earth) that can measure vapour 
content of clouds and the atmosphere, as 
well as moisture levels of landscapes

MIPAS 
The Michelson Interferometer for 

Passive Atmospheric Sounding 
(MIPAS) spectrometer works in the 

near to mid-infrared wavelengths to 
measure nitrogen dioxide (NO 2), 

nitrous oxide (N 2O), ammonia (NH 3), 
nitric acid (HNO 3), ozone (O3) and 

water (H 2O) in the stratosphere

ASAR 
An Advanced Synthetic 
Aperture Radar (ASAR) 
monitors ocean wave and 
land heights within fractions 
of a millimetre. It works in the 
microwave C-band (5.3GHz) 
range of the electromagnetic 
spectrum and can operate in 
a variety of different modes, 
coverage ranges and angles

DORIS 
The Doppler Orbitography 
and Radiopositioning 
Integrated by Satellite 
(DORIS) instrument is 
concerned with the accurate 
tracking of Envisat, which it 
achieves by measuring 
microwave radio signals 
transmitted by 50 ground 
beacons that cover 75% of 
its orbit. By determining its 
orbit within ten centimetres 
(four inches), with an 
error of one centimetre, it is 
used for navigating the 
satellite and calibrating its 
on-board instruments

ESA•s Envisat
The European Space Agency•s environmental satellite (Envisat) 
was launched into a polar orbit on 1 March 2002. Its instruments 
are used to study the ocean, agriculture, ice formations and 
atmospheric conditions of Earth.

Aurora australis 
taken from the ISS
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ISS astronauts spend ten mins each day taking photos of Earth with digital and 35mm and 70mm film cameras 
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What is a 
solar ”  are?
A massive explosion, but one that 
happens to be several million 
degrees in temperatureƒ
•A solar ” are is a rapid release of energy in the solar 
atmosphere (mostly the chromosphere and corona) 
resulting in localised heating of plasma to tens of millions 
of degrees, acceleration of electrons and protons to high 
energies, some to near the speed of light, and expulsion of 
material into space,Ž says Alexander. •These 
electromagnetic disturbances here on Earth pose 
potential dangers for Earth-orbiting satellites, space-
walking astronauts, crews on high-altitude spacecraft, 
and power grids on Earth.Ž

Solar ” ares can cause geomagnetic storms on the 
Sun, including shock waves and plasma expulsions

What is a sunspot?
Signifying cooler areas, sunspots show up as dark dots on the 
photosphere (the visible layer of plasma across the Sun•s 
surface). These •cool• regions … about 1,000 degrees cooler than 
the surface temperature … are associated with strong magnetic 
“ elds. Criss-crossing magnetic-“ eld lines can disturb the ”  ow 
of heat from the core, creating pockets of intense activity. The 
build up of heat around a sunspot can be released as a solar 
” are or coronal mass ejection, which is separate to but often 
accompanies larger ” ares. Plasma from a CME ejects from the 
Sun at over 1 million miles per hour. 

Magnetic in”  uence
How the Sun affects the 
Earth•s magnetic field

Bow shock line
The purple line is the bow shock line and 
the blue lines surrounding the Earth represent 
its protective magnetosphere

Solar wind
Solar wind shapes the 
Earth•s magnetosphere and 
magnetic storms are 
illustrated here as 
approaching Earth

Plasma release
The Sun•s magnetic “ eld and plasma 
releases directly affect Earth and the 
rest of the solar system

Solar eclipses
When the Moon blocks out the Sun
A solar eclipse is a unique phenomena where the Moon passes 
directly into a line between the Earth and the Sun, partially or 
completely blocking our view of the Sun. The Sun is blocked 
according to the relative orbits of each celestial body. There 
are two kinds of eclipses: one where the Moon orbit shows the 
outer edge of the Sun, or where the Moon lines up perfectly 
and the Sun is blocked completely from view.

If the Sun were the size of a 
basketball, Earth would be a little 

dot no more than 2.2 mm

Sometimes, the orbits of the Earth and Sun line up 
perfectly so that the Sun is blocked (eclipsed) by the 

Moon, shown here with a shadow cast from the 
eclipse, taken from the ISS
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How big 
is the 
Sun?

Our Sun has a 
diameter of 

1.4 million km 
and Earth a 
diameter of 

almost 
13,000km











The Moon has been shrouded in 
mystery since the dawn of time. For 
a start, where did it come from? 
The popular current hypothesis is 

the giant impact theory. We•ve learned from 
dating lunar rocks that the Moon formed about 
4.5 billion years ago, a good 30-50 million years 
after the Solar System. But while the Earth was 
just “  nishing its formation, it was struck by a 
giant celestial body about the size of Mars, 
which has been christened Theia. This 
collision blasted material out into space near 
the Earth, which coalesced into the body that 
today we call the Moon. Whether the material 
came from Earth or the planetoid that caused 
the impact (or both) is still a matter of debate.

The Moon is the second-brightest object in 
our sky after the Sun and it has in”  uenced life 
on Earth in countless ways. The gravitational 
interactions with our world and the Sun give us 
ocean tides and lengthen our days by a tiny 
amount. We•ve also created calendars based 
on its phases. Until a Soviet spacecraft landed 
on it in 1959, we•d only been able to study the 
Moon from Earth. Then in 1969, humans visited 
the Moon … and it remains the only other body 
in the universe we•ve actually stood upon.

Thanks to decades of study, we•ve learned a 
great deal about our satellite. For example, we 
know that the Moon has a differentiated 
interior, just like Earth … it contains a core, 
mantle and crust. The core is rich with iron 

We•ve visited the lunar body several times 
but it still has many secrets to revealƒ

Exploring 
the Moon

Exploring the Moon
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Venus has often been called Earth•s sister planet because of their 
similarities. Both planets are terrestrial (meaning that they 
are made up of silicate rocks) and close in size, mass and 
gravity. Venus probably has a similar structure to 

Earth, with a crust, mantle and core. It has a diameter of around 
12,000 kilometres, 650 kilometres smaller than Earth. Its 
mass is about 80 per cent of Earth•s mass, and 
its gravity 90 per cent of Earth•s gravity. 

However, there are also many differences 
between Venus and Earth. Venus is about 108 
million kilometres from the Sun and has an 
almost perfectly circular orbit, while all of 
the other planets have elliptical orbits. 
Venus completes one orbit every 225 days 
and has one of the slowest rotations of 
any planet, with one every 243 days. 
Venus•s consistently high temperature 
means that it has no surface water. 

The planet also has more than 1,500 
volcanoes, many of which are more 
than 100 kilometres across. Most of 
the volcanoes are extinct, but some 
believe that there has been recent 
volcanic activity. Because Venus 
doesn•t have rainfall, lightning could 
have been caused by ashy fallout from a 
volcanic eruption. These eruptions have 
created a rocky, barren surface of plains, 
mountains and valleys. 

Venus is also covered with more 
than 1,000 impact craters. While Earth 
and other planets also have craters, 
Venus• are unusual because most of 
them are in perfect condition. They haven•t 
degraded from erosion or other impacts. 
Venus may have experienced a massive event 
as much as 500 million years ago that 
resurfaced the planet and changed its 
atmosphere completely. Now bodies entering its 
atmosphere either burn up or are slowed down 
enough to avoid making a crater.

It has proven dif“  cult to learn more about Venus, in 
part due to its dense atmosphere. Although probes “  rst visited 
the planet in the early Sixties, it was not fully mapped 
by radar until the 1989 NASA Magellan probe. The Venus Express, 
launched by the European Space Agency in 2005, is a long-term 
exploration probe currently orbiting the planet and sending back 
data about its atmosphere.  

Venus

Venus
Discovering just how similar this 
planet actually is to Earthƒ

False colour 
view of Venus

Photographic 
view of Venus
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1. Ishtar Terra
One of two •continents•, or 

major highland areas, on Venus, 
Ishtar Terra is located at the 

planet•s North Pole. It is a little 
smaller than the continental 

United States

2. Maxwell Montes
Located on the north edge of Ishtar 

Terra, Maxwell Montes is the largest 
mountain range on Venus at nearly 11 

kilometres high

3. Lakshmi Planum
This plateau in western Ishtar Terra rises about 
3.5 kilometres above the surface of Venus. It is 

covered with lava ”  ows

4. Guinevere Planitia 
Venus is covered with regions of lowland plains 

such as Guinevere Planitia, which contains several 
volcanoes, impact craters and “  ssures

5. Beta Regio 
Beta Regio is one of several volcanic rises on Venus• 

surface, more than 1,000 kilometres wide

5 TOP 
FACTS
VENUS

1  When closest to the Earth, 
Venus appears bright and 
crescent-shaped. When it is 
further away, the planet is dim 
and round.

Venus has phases like 
a moon

2  Venus has a retrograde, or 
west to east, rotation. This 
is actually the opposite 
direction of its revolution 
around the Sun. 

Venus rotates 
backwards

3  NASA•s Mariner 2 probe was 
launched in 1962. It passed 
within 30,000 kilometres of 
Venus and took microwave 
and infrared readings. 

Venus was the “  rst 
•probed• planet

4   Venus probably had a 
moon billions of years ago, 
but it was destroyed when the 
planet•s rotation direction 
was reversed.

Venus doesn•t have 
any moons

5  Venus is brighter than any 
star and can be easily seen 
in the middle of the day, 
especially when the Sun is 
low in the horizon.

Venus is brighter than 
the stars

 Because Venus shines so brightly, it has often been misreported as a UFODID YOU KNOW? 

Mapping 
Venus
Red indicates 

highland areas 
and blue 

indicates lower 
elevations in 

the false-
colour view 

of Venus 

Venus• 
atmosphere
Immense pressure of 
the atmosphere
Venus•s atmospheric pressure is greater 
than that of any other planet … more than 
90 times that of Earth•s. This pressure is 
equivalent to being almost one kilometre 
below the surface of Earth•s oceans. The 
atmosphere is also very dense and mostly 
carbon dioxide, with tiny amounts of water 
vapour and nitrogen. It has lots of sulphur 
dioxide on the surface. This creates a 
Greenhouse Effect and makes Venus 
the hottest planet in the solar system. Its 
surface temperature is 461 degrees Celsius 
across the entire planet, while Mercury 
(the closest planet to the Sun) heats up to 
426 Celsius only on the side facing the Sun.

The surface 
of Venus

This computer-generated image shows a 
7,500-kilometre-long region on the northern 
hemisphere of Venus known as Eistla Regio. It 
contains two volcanoes, Gula Mons on the right and 
Sif Mons on the left. Gula Mons is about three kilometres 
high and Sif Mons stands at two kilometres. 

Sizesƒ
Venus and Earth are very similar in 
size. Venus•s diameter is only 650km less 
than that of Earth, and the mass 
is 81.5 per cent of Earth•s.

VenusEarth

12,103.6km 12,756.3km

Venus is covered in broad 
plains and elevated regions 
dotted by volcanoes 
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The NASA Magellan 
spacecraft

Beneath the 
surface of 
Venus

Core
Scientists believe that Venus•s 

core is a nickel-iron alloy and 
partially liquid, with a 

diameter of 6,000 kilometres

Mantle
Venus•s mantle is 
probably about 3,000 
kilometres thick and 
made of silicate rock

Crust
Venus likely has a 
highly basaltic, rocky 
crust about 100 
kilometres thick

What lies at 
the core of 
Earth•s sister 
planet?
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SOLAR SYSTEM
Uranus

Four times the size of Earth and capable of containing 63 Earths inside it (it 
is only 14.5 times as dense however, as it is a gas giant), Uranus is the third 
largest and forth most massive planet in our Solar System. Appearing 
calm and pale blue when imaged, Uranus has a complex ring system and a 

total of 27 moons orbiting its gaseous, cloudy main body. Due to its distance from the 
Sun the temperature at the cloud-top layer of the planet drops to -214°C and because of 
its massive distance from Earth it appears incredibly dim when viewed, a factor that 
led to it not being recognised as a planet until 1781 by astronomer William Herschel.  

1. Atmosphere
Uranus•s blue colour is caused by the 
absorption of the incoming sunlight•s red 
wavelengths by methane-ice clouds. The action 
of the ultraviolet sunlight on the methane 
produces haze particles, and these hide the 
lower atmosphere, giving the planet its calm 
appearance. However, beneath this calm 
façade the planet is constantly changing with 
huge ammonia and water clouds carried 
around the planet by its high winds (up to 
560mph) and the planet•s rotation. Uranus 
radiates what little heat  it absorbs from the Sun 
and has an unusually cold core

Seventh planet from the Sun, third-
largest and fourth most massive in the 
Solar System. Uranus was the “ rst 
planet to be discovered by telescope

Uranus

Ariel
The brightest and with 
the youngest surface of 
the major moons

Oberon
The “ rst Uranian moon 
to be discovered

Miranda
Features a scarred, 
piecemeal structure

Umbriel
The darkest of the major 
moons, re”  ecting only 
16 per cent of light

Inside 
Uranus
A cross-section of 

the blue planet

2. Rings
Uranus•s 11 rings are tilted on their side, as 
viewed from Earth, and extend from 12,500 
to 25,600km from the planet. They are widely 
separated and incredibly narrow too, meaning 
that the system has more gap than ring. All but 
the inner and outer rings are between 1km and 
13km wide, and all are less than 15km in height. 
The rings consist of a mixture of dust particles, 
rocks and charcoal-dark pieces of carbon-rich 
material. The Kuiper Airborne Observatory 
discovered the “  rst “  ve of these rings in 1977

Core
Made up of 
rock and ice

Upper 
atmosphere, 
cloud tops

© DK Images
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Titania
Uranus• largest moon appears 
grey with an icy surface



The smallest and innermost of Uranus•s 
“ ve major moons, Miranda is like no 
other moon in our Solar System

Miranda
Miranda is littered with impact craters and is 
heavily scarred with faults

5 TOP 
FACTS
URANUS

1  Uranus is named after the 
Greek deity of the same name 
who, in Greek mythology, was 
Zeus•s grandfather and the 
father of Cronus.

Old man

2  Uranus is one of the solar 
system•s most windy planets, 
with speeds that can reach up 
to a monumental 250 metres 
per second.

Passing wind

3  Upon discovering Uranus, 
William Herschel was gifted an 
annual stipend of £200 by King 
George III, on the condition he 
moved to Windsor.

Bonus

4   The element uranium was 
named in dedication to the 
discovery of Uranus eight 
years prior to the element•s 
discovery in 1789.

Elementary

5  The only space probe to 
examine Uranus to date was 
the Voyager 2 in 1986, when it 
passed with 82,000km of the 
planet•s cloud-tops.

Lone ranger

 Many of Uranus• moons are named after characters from the plays of ShakespeareDID YOU KNOW? 
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When the Voyager 2 passed by Uranus in 1986 it not only observed the 
planet but also many of its moons, coming close to its innermost 
Miranda at a distance of 32,000km. However, the images it recorded 
were not what were expected as on closer inspection it showed the 
satellite•s surface consisted of a series of incongruous surface features 
that seemed to have been crushed together and butted up unnaturally. 
Miranda was an ancient terrain that seemed to have been constructed 

from various smaller segments from different time periods, instead 
of forming as one distinct whole at one time. Scientists have 

theorised that this was probably caused by a 
catastrophic collision in the moon•s past that caused it 

to shatter into various pieces before then being 
reassembled in this disjointed way. 

3. Structure
Uranus consists of three distinct sections, 

an atmosphere of hydrogen, helium and 
other gases, an inner layer of water, 

methane and ammonia ices, and a small 
core consisting of rock and ice. Electric 

currents within its icy layer are postulated 
by astronomers to generate Uranus•s 

magnetic “  eld, which is offset by 58.6° from 
the planet•s spin axis. Its large layers of 

gaseous hydrogen and constantly shifting 
methane and ammonia ices account for the 

planet•s low mass compared to its volume

4. Orbit
Uranus takes 84 Earth years to complete a single orbit around the 

Sun, through which it is permanently tilted on its side by 98° 
… a factor probably caused by a planetary-sized collision 
while it was still young. Due to its sideways tilt, each of 

the planet•s poles points to the Sun for 21 years at a  
time, meaning that while one pole receives 

continuous sunlight, the other receives 
continuous darkness. Th e strength of the 

sunlight that Uranus receives on its orbit is 
0.25 per cent of that which is received on 
Earth. There is a difference of 186 million 

kilometres between Uranus•s aphelion 
(furthest point on an orbit from the Sun) 
and perihelion (closest point on an orbit)

12,756.3km 51,118km

Sizesƒ
Uranus• diameter is 
nearly five times that 
of Earth, with a mass 
that•s equivalent to 14 
and a half Earths

Mantle
A large layer of water, 
methane and 
ammonia ices

Atmosphere
Consists of 
hydrogen, helium 
and other gasses

Verona Rupes
Found on Uranus• moon Miranda, this cliff face is 
estimated to be ten kilometres deep, almost ten times 
the depth of the Grand Canyon. This makes it the tallest 
known cliff in the entire Solar System
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Over 4.5 billion kilometres 
from Earth and with an 
average temperature of -220°C, 
Neptune is the furthest planet 

from the Sun and the coldest in our Solar 
System, excluding the dwarf planet Pluto. 
It is a massive (49,532km in diameter) 
sphere of hydrogen, helium and methane 
gas, formed around a small but mass-
heavy core of rock and ice that, despite its 
similar size and structure to its inner 
neighbour Uranus, differs in appearance 
dramatically, presenting its turbulent, 
violently windy atmosphere on its surface. 
Find out what makes Neptune so unique 
and volatile right here.  

Neptune

The smallest and coldest of 
the four gas giants, as well as 
the most distant from the 
Sun, Neptune is the 
windiest planet in our 
Solar System

5. Dark spot
The Great Dark Spot, a gigantic, dark storm the size of Earth, 
was captured on “  lm by the Voyager 2 spacecraft as it passed 
by Neptune in 1989. Storms of this size and magnitude are 
believed by scientists to be relatively common on this volatile, 
windy planet. However, when the Hubble Space Telescope 
tried to image the Great Dark Spot in 1996 it had disappeared

Inside 
Neptune

A cross-section of 
the smallest gas giant

Neptune

A gigantic storm the 
size of Earth

SOLAR SYSTEM
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5 TOP 
FACTS
NEPTUNE

1  Neptune•s eye-catching deep 
blue colouring is caused by the 
methane gas in its atmosphere, 
absorbing red light and 
re” ecting blue.

True blue

2  Around its equatorial region 
Neptune is privy to winds 
in excess of 1,340 miles per 
hour as well as extremely 
violent storms.

Gale force

3  Due to the fast nature of 
Neptune•s spin around its axis, 
its equatorial region is 527 
miles larger in diameter than 
at its poles.

Belt buster

4   Neptune•s one major moon 
is actually named, funnily 
enough, after his Greek 
counterpart Poseidon•s 
son, Triton.

Son of god

5  Neptune undergoes seasons 
just like here on Earth. 
However, they last 40 years 
each instead of just the three 
months we•re used to.

The four seasons

 Neptune is not visible to the naked eye, with a small telescope necessary to discern it as a star-like point of lightDID YOU KNOW? 

2. Rings
Although not shown here, Neptune is actually a ring 
system, and is host to a series of six rings encircling 

the planet. The rings are made from tiny pieces of 
yet-to-be determined materials (probably rocks, 

stellar dust and numerous gases), which were 
gathered from nearby moons and phenomena and 

stretch a few kilometres across in width

3. Structure
Neptune is very similar in size and 

composition to Uranus. Indeed, only 15 per 
cent of the planet•s mass is hydrogen … 

contained within its shallow outer layer … with 
its main layer consisting of a mix of water, 

methane ice and ammonia, and its tiny 
central core postulated to be constructed 

purely out of rock. As with the other gas 
giants, the boundaries between layers are 

not clearly de“  ned and change consistently

4. Orbit
Neptune takes 164.8 Earth years to orbit 
the Sun and it is tilted to its orbital plane 

by 28.3 degrees, allowing its northern and 
southern poles to face the Sun in turn. 

The planet is also 30 times further from 
the Sun than Earth and presents the solar 
system•s second most circular orbit, only 
beaten by Venus in the parity between its 

aphelion and perihelion distances

12,756.3km 49,532km

Sizesƒ
Neptune•s diameter is 
nearly five times that 
of Earth, with a mass 
that is the equivalent 
of 17 Earths.

1. Atmosphere
Despite its massive 
distance from the Sun 
(the Sun is over 900 
times weaker on 
Neptune compared to 
on Earth), Neptune is 
host to a complex and 
active weather system 
driven by its internal 
heat source. Clouds, 
storms and high winds 
are common, made up 
of the hydrogen, helium 
and methane gases in 
its atmosphere

Upper 
atmosphere, 
cloud tops

Atmosphere
(hydrogen, helium, 
methane gas)

Mantle
(water, ammonia, 
methane ices)

Core
(rock, ice)

While Neptune has 13 moons in total (four in its ring system and nine out), it 
has only one major moon … Triton. Triton was the “ rst of Neptune•s moons 
to be discovered, just 17 days after the discovery of the planet was 
announced in 1846, and it is bigger than the dwarf planet Pluto. It follows a 
circular orbit around Neptune and exhibits a synchronous rotation, 
meaning that the same side always faces inwards. At both of its poles 
bands of nitrogen frost and snow are projected and redistributed by solar 
winds over its atmosphere and into space.

Triton is retrograde in motion, travelling in the opposite direction to 
Neptune•s spin, and this scientists believe is evidence to its captured origin 
from elsewhere in the Solar System, rather than formation in line with its 
planetary centre. Geologically young, Triton is two parts rock to one part 
ice and has a liquid mantle 
core and crusty, icy, craterous 
surface. At its southern pole 
lies a region of dark patches 
caused by the heating of sub-
surface nitrogen ice into gas 
that erupts through surface 
vents in geyser-like plumes, 
depositing carbonaceous 
dust over its surface.

Triton
Learning more about 
Neptune•s massive moon

An image showing Triton•s 
polar projection

Dark carbonaceous dust 
litters Triton•s south pole
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Triton•s icy, 
scarred surface
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The moon that may harbour life

One of Jupiter•s four largest moons … the others being Io, 
Ganymede and Callisto … Europa is notable for its icy surface 
with a theorised ocean underneath. The moons all keep the 
same face towards Jupiter as they orbit. The layer of ice that 

encapsulates Europa•s entire surface is as little as 5-100 miles thick. 
It has one of the smoothest surfaces in the solar system, with its 
features such as valleys and hills no larger or deeper than a few 
hundred metres. This suggests it is young and still actively 
forming like Earth.

Most of Europa is made of rock, although its core has a large 
iron content. Gravitational forces from Jupiter and its other 
three largest moons have given Europa a hot interior in a 
process known as tidal heating, similar to how tides are 
created on Earth as our moon stretches and pulls the 
oceans. Europa has a very thin atmosphere made of just 
oxygen created by particles emitted from the radiation of 
Jupiter striking the surface and producing water vapour.

Due to there being almost no atmosphere on Europa, 
which is not much smaller than our moon, the 
temperature on the surface drops to -162°C at the 
equator and possibly as low as -220°C at the poles. 
Absolute zero is not much colder at -273.15°C. A few miles 
down into Europa•s ocean, the temperature could still 
be as cold as -30°C or as high as 0°C, meaning that any 
life would have to adapt to these freezing temperatures.

The large amount of radiation Jupiter exerts can 
severely damage any probe attempting to reach Europa. 
One of the only missions to study the moon was the 
Galileo space probe, named after the astronomer Galileo 
who discovered Jupiter•s four largest moons in one week in 
1610. It journeyed between Jupiter and its moons from 1995 
to 2003, providing much of the information we know about 
Europa today.    

Our greatest chance of “ nding life is 
possibly on this moon of Jupiter

Europa

Composition
The core of Europa is made 
of metal, speci“  cally iron 
and nickel

This picture, taken by the Cassini 
spacecraft, shows Europa casting 
a shadow on Jupiter

Into 
the core
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 The Galileo probe, which studied Europa, was sent crashing into Jupiter so it didn•t contaminate nearby moonsDID YOU KNOW? 

Life on Europa
The lack of impact craters on the surface of Europa but the 
presence of “ ssures and cracks means that something other than 
meteorites must be fracturing and altering the ice. This has led 
scientists to believe there is an ocean of water beneath the icy 
surface of Europa. It is in this ocean where life could reside. 
Previously, it was thought animals required sunlight to live, but 
the discovery of creatures living off small bacteria at the bottom of 

Earth•s oceans have raised the possibility that animals as large 
as “ sh could be living below Europa•s surface. There are 

two main theories as to how Europa•s ocean could 
look, shown in the •Under the surface• boxout.

1610YEAR OF 
DISCOVERY

 3,122kmDIAMETER

3.55 daysORBIT OF 
JUPITER

13.74km/secondMEAN ORBITAL 
VELOCITY

670,900kmMEAN DISTANCE 
FROM JUPITER

Visible cracks suggest 
there is water beneath 

the surface

Rising heat
The heat rises 
up through the 
oxygenated 
water, in which 
organisms 
could live

Volcanoes
The bed of the 

ocean may 
contain 

volcanoes, which 
spurt out hot gas 
from the core of 

the moon

Vapour
In this theory, 
the ice on the 

surface cracks 
and may let out 

water vapour 
as it is heated 

from below

Under the surface
Thin ice sheet

Thick ice sheet

Chaos
What appear to 
be ice blocks on 
the surface of 
Europa, known 
as •chaosŽ, may 
be the result of 
heating under 
the ice

Core
If the ice shell is 
very thick, heat 
from the core 
will transfer to 
this lower 
portion of the 
icy surface

Tides
Additional heat 
is created by 
tidal heating, 
which forces the 
lower layer of ice 
into the surface

Moving
This heat could 
move the lower 

ice layer like a 
tectonic plate and 

be the cause of 
the lines on 

Europa•s surface, 
rather than simply 

volcanic heat

Jupiter
Europa•s ecliptic 

orbit of Jupiter 
could be the 

cause of tidal 
heating in its core, 
moving the ocean 
up and down and 

thus releasing 
water vapour

Surface
The icy surface, 5-100 miles 

thick, has features that 
indicate the presence of 

water below

Ocean
Water in liquid 

or ice form is 
fed heat by the 
rock, and may 

harbour life

12,756.3km3,122km

Europa•s diameter is 
a quarter of Earth•s 
with a mass equal to 
0.008 of Earth•s.

Earth-like rock
A shell of rock 

surrounds the core, 
much like on Earth
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The two theories of Europa•s structure
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SURVIVE THE COSMOS
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Living in space is the ultimate 
mental and physical test of 
the human body. On Earth, 
the experience of being in 

space is almost impossible to replicate; 
the closest astronauts can get is to train 
underwater but, even then, the 
experience is a world away from that “  rst 
journey into orbit or beyond. There•s no 
•up• or •down• in space, so many of their 
sensory receptors are rendered useless, 
while materials such as water behave 
completely differently to how they do on 

Earth. So, how do astronauts cope, and 
what•s it like to actually live in space? 
We•re about to “ nd out.

Since Yuri Gagarin became the “ rst 
man to leave the Earth in 1961, life in 
space has altered and improved 
dramatically. Gagarin spent the entirety 
of his 108-minute ” ight encased in a 
spacesuit, but nowadays astronauts can 
wear the same shorts and T-shirts they•d 
wear at home. The “ rst space station, 
Russia•s Salyut (launched in 1971), saw 
astronauts eat food from freeze-dried 

packets and stay only brie”  y on
the station in order to survive. Now, 
astronauts aboard the International 
Space Station (ISS) can eat pizza and 
curry, reuse and recycle many of their 
utilities and can stay in orbit for 
hundreds of days.

Before the ISS there were many 
unknowns about living in space. Indeed, 
on the earlier space stations Mir and 
Skylab, procedures and equipment were 
much less advanced than they are now. 
For one thing, it was quickly realised that 

Humans have had a presence in space in 
some form or another for half a century, but 
learning to live in the cosmos has been a 
steep learning curve. We take a look at what 
it•s like to live in space, and how we•ve 
adapted over the years

EXPLORATION
Living in space
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2006 2020s
Early

2030s
NASA•s Mars Reconnaissance Orbiter 
arrives in Mars orbit, taking pictures 
of the surface to help choose landing 

sites for manned missions.

NASA intends to “ rst send its 
manned Orion capsule to visit a 

near-Earth asteroid before it sends 
a mission to Mars.

For humans to survive on Mars, they 
will need purpose-built habitat 

modules and supplies that could be sent 
to Mars ahead of any crewed mission.

The “ rst Martian 
astronauts will 
live in simple 
habitation 
modules, 
perhaps built out 
of spaceships.

We will soon have the technological capability 
to go to Mars, thanks to NASA•s latest space” ight 
system that is under development, the Orion 
capsule and the Space Launch System, or SLS. 
Orion is billed as a multi-purpose crew vehicle, 
and has already experienced test ”  ights with 
the aim of sending astronauts into space 
onboard it within the next decade. A little like a 
bigger, far more sophisticated version of the 
Apollo capsules that took 24 astronauts to the 
Moon, Orion by itself is not suitable for a long 
journey to Mars. However, Orion could hook up 
with a larger habitation module in orbit around 
Earth, providing the living space necessary for 
the astronauts before leaving Earth orbit and 
heading for Mars.

To get Orion and the habitation module to 
their destination will require a giant rocket  … 
the biggest since the Saturn V. Simply called the 
Space Launch System, it will come in a couple of 
varieties. The “ rst, called Block I, will be able to 
launch 70 tons into low Earth orbit using Space 
Shuttle-derived booster rockets. The next 
version, Block II, will dispense with the shuttle 
boosters for more advanced rockets, capable of 
launching 130 tons into space. No other rocket in 
history has ever been capable of launching 
such a large payload. The habitat module could 
be launched in segments and then assembled 
in space before leaving for Mars on the back of 
an SLS rocket.

The private space company SpaceX is also 
keen to get in on the act. Owner of SpaceX, Elon 
Musk, has said that he wants to start a colony 
on Mars, and is developing a Mars Colonial 
Transporter, which Musk says will be capable 
of launching 100 tons into space. The mission 
may involve some variation of SpaceX•s Dragon 
capsule that•s already ferrying cargo to the 
International Space Station and could one day 
be out“ tted to carry astronauts too.  

What will astronauts face during their journey?
Getting to the Red Planet

Rockets
To give the SLS that extra 
punch into orbit, the Block II 
heavy-lift rocket will be 
powered by advanced 
boosters, the exact design of 
which has yet to be decided.

Expensive trip
Getting into space onboard 

the SLS will be expensive, 
costing an estimated £12 
billion ($18 billion) for the 

development of the rocket 
and Orion craft, and £325 
million ($500 million) for 

each launch.

Landing on Mars
Another option for SLS is to 
land astronauts on Mars in a 
semi-permanent habitat, 
where they will live for 540 
days until the opportunity 
arises to return home.

Nuclear power
The SLS will need even more 

power to reach Mars. NASA is 
currently studying nuclear 

thermal rocket engines, where 
liquid hydrogen is heated in a 
nuclear reactor and then spat 

out to provide thrust.

Payload
The SLS Block II rocket will be capable of 
launching at least 130 tons into space … the 
Saturn V rocket managed 118 tons.

Faster journey
The nuclear thermal 
rocket version of the 
SLS could cut travel 
times to Mars down 
to just three or four 

months, reducing the 
radiation exposure of 

the crew.

Service module
This section of the exploration 
vehicle is home to Orion•s engine, 
fuel and oxygen supplies.

Solar panels
Two solar panels on either 
side of the service module 
will help provide power for 

long-duration missions 
into space.

The Space Launch System (SLS) 
is set to launch astronauts to 
the Moon, asteroids, or Mars

NASA•s new 
super rocket

Going to Mars• moons
NASA already has plans to use the 
SLS to go to Mars. One option is to go 
to either of its moons Deimos or 
Phobos, which could be used as 
future bases for Mars exploration. 

Hard shell
Orion•s hull will be made of 
an aluminium-lithium alloy, 
which has previously been 
used as the main material 
for the Space Shuttle•s large 
external fuel tank.

Emergencies
In an emergency, the crew can “ re an 
additional thruster underneath the capsule 
that will take it clear of the rocket should 
there be an explosive accident.

Mission to Mars



RECORD 
BREAKERS
LONG-DISTANCE 
TRAVELLER

42.05km
LONGEST DRIVE ON MARS
NASA•s Opportunity rover holds the off-Earth distance record after 

travelling 42.05km (26.13mi) across the surface of Mars, beating Soviet 

Lunokhod 2 lunar rover, which travelled 39km (24.2mi) in 1973.
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Mars soil may be suitable for growing plants in, allowing colonists to grow their own food in giant greenhouses
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2030s 2100s FAR 
FUTURE

The 2030s are probably the earliest that the 
space agencies of the world will launch a 
manned mission to Mars, although the 
Mars One project wants to do so in 2024.

After hundreds or even thousands 
of years, the atmosphere could 

grow thick enough for liquid water 
to survive on Mars• surface.

Terraforming Mars will require the 
atmosphere to be thickened and warmed. 
This could be accomplished by releasing 

greenhouse gases from factories.

Over hundreds of years 
terraforming could 

transform Mars into a more 
Earth-like world

Perihelion
This is Earth•s closest point in the 
transfer orbit to the Sun. By 
launching at this time, it is possible 
to control the size of the 
spacecraft•s orbit.

Transfer 
orbit
It takes seven to 
eight months to 
reach Mars via this 
orbit, which uses 
the minimum 
amount of fuel.

Docking
Orion will have a docking system that will 
allow it to dock with the ISS and the 
habitation module.

Crew
Orion contains 50 

per cent more 
volume inside than 
the Apollo capsule, 
able to house up to 

four astronauts.

Using current space technology, it takes about 
seven or eight months to reach Mars. You have 
to leave at just the right time, when the Earth is 
at what we call perihelion, or the closest point 
to the Sun, of the orbital path to Mars. 
Spacecraft to the Red Planet then use a special 
trajectory called a Hohmann transfer orbit. This 
works because of a law of orbital mechanics, 
which says that if you can increase the 
spacecraft•s energy at perihelion, you can 
increase the aphelion of its orbit, which is how 
far it gets from the Sun. However, you also need 
to make sure you arrive in position in Mars• 
orbit around the Sun at the same time that Mars 
itself does. The alignment occurs only once 
every two years, meaning that if you miss it, you 
have a long wait for the next one.

The right trajectory

Mars
The spacecraft must 

cross Mars• orbit at 
exactly the same time 

and position as the 
planet Mars itself.

Entering orbit
The spacecraft must then “ re a retro-
rocket to slow down to allow capture by 
Mars• gravity, or by aerobraking in the 
planet•s atmosphere, to enter orbit.

Aphelion
The spacecraft•s 

most distant point 
in its orbit is at the 
same distance as 

Mars• orbit.

Psychology
Isolation, boredom and living in close 
quarters to other crew members could 
cause psychological effects ranging from 
insomnia to depression.

Blood
Microgravity slows 
down your blood 
circulation, increasing 
blood pressure and 
heart rate.

Muscles
In space, under low 

gravity, your muscles can 
waste away without 

frequent exercise. 

Bones
In microgravity your bones 
are not required to support 
your body weight, so bone 
tissue is broken down 
much faster than it is 
replenished. 

Radiation
Solar ” ares from the Sun 
and cosmic rays from deep 
space would expose 
astronauts to potentially 
deadly levels of radiation 
during a Mars mission. 

Balance
In the microgravity of 
space, as well as the 
reduced gravity on Mars, 
the human body will take 
time to adjust.

Astronauts headed to Mars will face an 
uphill battle to stay healthy because 
space has lots of ways to make you 
poorly. Microgravity affects the blood 
circulation, causing bone loss and 
muscle atrophy, meaning the astronauts 
must constantly exercise to combat 
muscle wastage. While the gravity on 
Mars is just 38 per cent of Earth•s 
gravity, many of these problems will be 
alleviated once the astronauts land. 
More deadly is radiation, from both the 
Sun and from cosmic rays coming from 
deep space. Because Mars does not 
have a magnetic “ eld to de” ect space 
radiation and keep it from the surface, 
astronauts will have to live inside 
shielded habitats. There is also the 
worry of psychological effects resulting 
from the strange environment and 
isolation from everyone on Earth.

Effects of 
long-term 
space travel
Staying “  t and healthy during a 
long ”  ight will be harder than 
actually getting there

Kidneys
Higher levels of 

calcium in the blood 
due to bone loss can 
lead to an increased 

risk of kidney stones. 

DID YOU KNOW? 





The “ rst man-made object to 
ever enter Jupiter•s atmosphere

NASA launched the Galileo spacecraft, 
which comprises the Galileo Orbiter and 
Space Probe, atop a space shuttle in 1989, 
using a 38-month orbit of Venus and the 

Earth•s gravitational pull to gain the necessary 
speed to reach Jupiter.

While the Galileo Orbiter was designed to orbit 
and study Jupiter and its moons, the Galileo Probe 
was released near Jupiter and was sent into the 
gas giant itself. It entered the atmosphere of Jupiter 
at 30 miles per second (47kmps), the highest impact 
speed ever achieved by a man-made object. 
Amazingly, Jupiter•s gravitational forces slowed 
the craft to 0.07 miles per second (0.12 kmps) in just 
four minutes.

The Probe•s heat shield, made of carbon phenolic, 
was able to withstand the 15,500°C ball of plasma 
caused by this sudden deceleration, producing light 
brighter than the Sun•s surface. It remained active 
for about 78 minutes as it passed through Jupiter•s 
atmosphere, losing more than half its mass in the 
process before being crushed by the huge pressure.

Wrapped in black and gold blankets to provide 
insulations and protect against micrometeorites, the 
Probe conducted nine experiments that measured 
Jupiter•s atmospheric structure. It discovered the 
presence of a large amount of argon, krypton and 
xenon. For these to form Jupiter would need to be at a 
temperature of -240°C, suggesting it once orbited 
much further from the Sun.  
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Galileo Space Probe

Angle
The Probe had to enter 
at a precise angle of 
8.3 degrees to the 
horizontal. 1.5 degrees 
higher or lower, and it 
would have been 
destroyed or bounced 
off respectively

Heat shield
To allow the Probe to get as far into Jupiter as 
possible, its heat shield was coated in a 
heat-resistant, rigid resin

Experiments
Nine experiments were on 
board the Probe, including a 
measure of the light 
present in the atmosphere 
at different depths

Results
During its descent, the 
Probe encountered winds 
of 450mph (724kph) … 
that•s stronger than 
anything on Earth … a few 
clouds and distant lightning

Demise
After 78 minutes, the 

intense heat in the 
atmosphere melted 

and vaporised the 
Probe completely

Release
After travelling over 15 
miles (24km) into the 

atmosphere, the Probe 
released the aft heat 
shield and measured 

data for 58 minutes to 
transmit back to Earth

Drifter
The Probe had no 
propellant and could 
not manoeuvre itself. 
Instead, it was released 
by the Galileo Orbiter 
“ ve months prior to 
arrival on a collision 
course with Jupiter

Surface
Although the Probe reached a 
depth of up to 100 miles 
(160km), it was nowhere near 
reaching Jupiter•s surface, 
37,000 miles (60,000km) away

Into the “  re
Cutting-edge technology and precise scienti“  c 

measurements allowed the Galileo Probe to penetrate 
Jupiter•s atmosphere and become the “  rst man-made 

object to explore the interior of the gas giant

Technicians 
prepare 
Galileo for 
liftoff at the 
Kennedy 
Space Center

Galileo was 
launched on 
space shuttle 
Atlantis in 1989

The Probe 
contained six 
instruments to 
measure 
Jupiter•s 
atmosphere

The Probe was designed to 
survive a 230 g-force

Spirit
Both the Spirit and 
Opportunity crafts have 
found evidence of 
hydrothermal vents, 
ancient lakes of acid and 
evidence of wind on Mars.

Curiosity
Locating ancient 
waterbeds and digging 
into the Martian surface 
have helped the Curiosity 
to reignite humanity•s 
interest in the Red Planet.

Hopper 
Using legs to traverse the 
rough environment 
instead of slow-rolling 
wheels, it is predicted the 
Hopper will make new 
discoveries at a rapid rate. 

HEAD
HEAD2
EXPLORATION 
VEHICLES

1. NEW 2. NEWER 3. NEWEST

DID YOU KNOW? The first manned mission to Mars is planned to launch as early as 2030
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Rocket science has been around since the 280s BCE, 
when ancient Chinese alchemists invented 
gunpowder. Initially used in “  reworks, gunpowder 
was soon put to use in weaponry as “ re-arrows, 

bombs and more. Through the centuries, rockets continued to 
be used as weapons until the early-20th Century. In 1912, Robert 
Goddard built the “  rst liquid-fuel rocket (previous rockets were 
solid-fuel) and began the age of modern rocketry. To date, there 
have been about 500 rocket launches from NASA•s Cape 
Canaveral, and more than “  ve thousand satellites launched by 
rockets from spaceports around the world.

While the term •rocket• can be used to describe everything 
from cars to jet packs, most of us think •space travel• when we 
see •rocket•. Most rockets follow the same basic design. 

Typically they are tube-like, with stacks of components. 
Rockets carry propellants (a fuel and an oxidiser), one or more 
engines, stabilisation devices, and a nozzle to accelerate and 
expand gases. However, there•s a lot of variation among those 
basic elements. 

There are two main types of rockets: solid-fuel and 
liquid-fuel. The former have some similarities to those early 
gunpowder rockets. For space applications, solid-fuel rockets 
are often used as boosters to lower the amount of needed liquid 
fuel and reduce the overall mass of the vehicle as a whole. A 
common type of solid propellant, used in the solid rocket 
boosters on the NASA space shuttles, is a composite made of 
ammonium percholate, aluminium, iron oxide and a polymer 
to bind it. The propellant is packed into a casing. Solid-fuel 

Modern rocket science was used in entertainment and 
weaponry, long before the realms of space travel

EXPLORATION

Understanding
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Surviving Earth•s atmosphere

While not all spacecraft are designed to 
return home after completion of a 
mission, those that do must overcome 
intense heat and forces as the spacecraft 

passes through our atmosphere. Almost all spacecraft 
undergo a ballistic entry, travelling directly through 
the atmosphere until parachutes slow their descent. 
Only a few … NASA•s space shuttle and the US Air 
Force•s secretive unmanned space plane X-37B … are 
capable of performing a glide landing and touch 
down on a runway like an aeroplane.

The dense gas in our atmosphere is useful for 
slowing down a spacecraft on re-entry, allowing it to 
land safely without the need for extra fuel to reduce 
its velocity when approaching our planet. This is a 
problem scientists must overcome when a satellite 
lands on a celestial body with little to no atmosphere, 
such as Mars or an asteroid. Spacecraft must take 
care when re-entering the atmosphere of Earth and 
ensure they approach at a speci“  c angle of entry. Too 
shallow and they will bounce back off the 
atmosphere, but too great and they will burn up 
during re-entry.

Most ballistic re-entry spacecraft return to Earth at 
approximately 25,000mph (40,000kph), encountering 
temperatures up to 3,000 °C (5,400 °F). As most metals 
would melt at this temperature, the base of the 
spacecraft is made of an ablative material that burns 
as re-entry occurs and radiates heat away from the 
spacecraft. These are often made of materials such as 
phenolic resins and silicone rubbers. 

After surviving atmospheric re-entry, spacecraft 
that cannot glide to the ground use parachutes to slow 
their descent. Russian Soyuz spacecraft usually 
perform a soft landing on the ground, but most 
spacecraft touch down in the sea, where they are 
recovered. A rare few unmanned spacecraft 
containing sensitive cargo such as photographic “  lm 
are recovered in midair by an aircraft.   

How do spacecraft 
survive the journey from 
space to the ground?

Spacecraft 

098 

During re-entry a spacecraft 
will typically experience a 
temperature that rises past 
3,000°C (5,400°F), which 
would melt standard metals 
such as aluminium and 
steel. To overcome this 
problem the heat shield was 
developed, to dissipate heat 
from the spacecraft by 
burning on re-entry. Ablative 
heat shields, such as those 
that were used on NASA•s 
Apollo and Mercury 
spacecraft, are normally 
made of a carbon phenolic 
resin that completely burns 
on re-entry, carrying heat 
away from the spacecraft as 
it deteriorates and keeping 
the occupants inside 

relatively safe from heat 
outside. This is not re-usable 
but some spacecraft, such as 
the space shuttle, use 
“ breglass tiles capable of 
absorbing heat, which do not 
need to be replaced after 
every ” ight.

Heat shield 
This photo, taken by the US Air 
Force, shows Apollo 8•s return to 
Earth in 1968

NASA•s space shuttle used 
thermal soak tiles to absorb 
heat upon re-entry
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Europe•s spaceport, the Guiana 
Space Centre, covers 96,000 
hectares and is operated by 
more than 1,500 personnel

1. NASA
Established:  1958
Budget:  £11.4 billion / 
$17.6 billion
Divisions:  15
Primary spaceport:  
Kennedy Space Center

AMERICA 2. ESA
Established:  1975
Budget:  £3.3 billion / 
$5.4 billion
Divisions:  5
Primary spaceport:  
Guiana Space Centre

EUROPE

The ESA employs over 2,000 individuals, including 
scientists, engineers, information technology specialists 
and administrative personnel, across its “  ve main 
divisions. These divisions are based all over Europe and 
are linked by the ESA•s headquarters in Paris, France. Two 
of its larger divisions include ESOC, the European Space 
Operations Centre in Darmstadt, Germany, which since its 
creation in 1967 has operated more than 50 satellites, 
ensured spacecraft meet their objectives and co-ordinated 
ground-based communications. There•s also the ESTEC in 
Noordwijk, The Netherlands, whose remit includes being 
the primary test centre for European space activities and 
all technical preparation and management of ESA space 
projects (ESTEC is the largest division of the ESA). Other 
divisions can be found in Frascati, Italy (ESRIN), Villanueva 
de la Cañada, Spain (ESAC) and Cologne, Germany (EAC).

Divisions of 
the ESA

�Q��  ESA member 
countries

�Q�� ECS (European 
       Co-operating state)
�Q��  Signed Co-operation 

Agreement countries
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3. CNSA
Established:  1993
Budget: £850 million / 
$1.3 billion
Divisions:  4
Primary spaceport:  Jiuquan 
Satellite Launch Center

CHINA

Member 
countries

An aerial shot of the sprawling 
ESTEC division in Noordwijk
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ESA budgets
Breakdown of the ESA budgets 
(using 2009 “ gures)

1. Site
An Ariane 5 heavy 
launch vehicle 
stands on-site

2. Access
The large approach 
road is necessary 
considering the size 
of the equipment 
being transported

1. Upper stage
The rocket•s payload 
is housed here, which 
in the case of most 
Ariane 5 launches, 
are satellites

The ESA•s primary launch 
vehicle, the Ariane 5 
rocket, blasts off

2. Solid rocket 
boosters
Each of the Ariane 5•s 
rocket boosters 
deliver 6,470kN of 
thrust and burn for 
129 seconds

The Statistics
Ariane 5

Function: Heavy launch vehicle
Height: 46-52m (151-170ft)
Mass: 777,000kg
Stages: 2
Max payload: LEO … 21,000kg / 
GTO … 10,500kg
Maiden ”  ight: 4 June 1996

3. Cryogenic 
main stage
This main, “  rst 
stage delivers 
1,114kN of thrust 
over 589 seconds 
burning a mixture 
of liquid hydrogen 
and oxygen

SPACE
AGENCIES

101

ESA•s first mission was launched in 1975 and was a space probe designed to monitor gamma-ray emissionsDID YOU KNOW? 
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The Big Bang theory

As an elegant 
explanation of the 
origins of both atoms 
and galaxies, the Big 
Bang is the ultimate 
theory of everything 

If you turn the heat up high enough, everything melts. When the universe 
was 10-32 seconds old, it burned at a magni“ cent 1,000 trillion trillion 
degrees Celsius. At this remarkable temperature, the tiniest building blocks 
of matter … quarks and anti-quarks, leptons and anti-leptons … swirled freely 
in a particle soup called the quark-gluon plasma. Gluon is the invisible •glue• 
that carries the strong force, binding quarks into protons and neutrons.

Particle soup

In” ation era
In the Eighties, 
cosmologists theorised a 
period of spontaneous 
expansion in the very 
early moments of time. 
Instantaneously, every 
point in the universe 
expanded by a factor of 

Quark era
After the explosive in”  ation period, the 
universe was a dense cauldron of pure energy. 
Under these conditions, gamma rays of energy 
collided to brie”  y form quarks and anti-
quarks, the fundamental building blocks of 
matter. Just as quickly, though, the quarks and 
anti-quarks collided in a process called 
annihilation, converting their mass back to 
pure energy. 

ERAThe Big Bang theory begins with a simple 
assumption: if the universe is expanding 
and cooling … something Edwin Hubble 
and company proved at the beginning of 
the 20th Century … then it must have once 

been very small and very hot. From then on, the simple 
becomes in“ nitely complex. Big Bang theory is nothing 
less than the summation of everything we•ve learned 
about the very big (astrophysics) and the very small 
(quantum physics) in the history of human thought. 

Cosmologists … people who study the origin and 
evolution of the universe … theorise that 13.7 billion years 
ago, a bubble formed out of the void. The bubble, many 
times smaller than a single proton, contained all matter 
and radiation in our current universe. Propelled by a 
mysterious outward force, the bubble instantaneously 
expanded (it didn•t explode) by a factor of 1,027, 
triggering a cosmic domino effect that created the stars, 
the galaxies and life as we know it.  

The 
Big 
Bang

Antiquark

X-boson

Quark 
- antiquark 
pair

G
(h

TIME 10-36 to 10-32 after Big Bang 10 -32 to 10-12

1,027. The universe didn•t 
get bigger, it just was 
bigger. Because the 
universe got so big, so 
fast, its naturally 
spherical shape 
appeared ” at to objects 
on the surface, solving 
one of the early problems 
with Big Bang theory.

The Planck era describes the impossibly short 
passage of time between the absolute 
beginning of the universe (zero) and 10 -43 
seconds (10 trillionths of a yoctosecond, if 
you•re counting). In this fraction of an instant, 
the universe went from in“  nite density to 

something called Planck density (1093g/cm3), 
the equivalent of 100 billion galaxies squeezed 
into the nucleus of an atom. Beyond the Planck 
density, rules of General Relativity don•t apply, 
so the very dawn of time is still a complete and 
utter mystery. 

The Planck era Time: Zero to 10 -43 seconds
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3 TOP 
FACTS
EVIDENCE FOR
THE BIG BANG

1  Cosmic microwave background 
radiation (CMB) … which “  lls the 
universe uniformly … is well 
explained as the super-cooled 
afterglow from the original 
Big Bang. 

Background radiation

2  Galaxies outside of the Milky 
Way move away from us at a 
rate that is proportional to their 
distance from us, pointing to a 
continual expansion from a 
single source. 

Expanding universe

3  Big Bang theory predicts that the earliest atoms to 
emerge from the dense particle soup were hydrogen 
and helium in a 3:1 ratio. Using powerful telescopes 
and spectrometers, cosmologists con“  rm that the 
observed universe is 74 per cent hydrogen, 25 per 
cent helium and one per cent heavier elements.

Big Bang nucleosynthesis

None of the essential elements of human life (carbon and oxygen) were created during the Big BangDID YOU KNOW? 

Separation of the 
Electroweak force
During the Planck era, the four forces 
of nature were brie”  y uni“ ed: gravity, 
the strong force, electromagnetism 
and the weak force. As the Planck era 
ended as the universe cooled, gravity 
separated out, then the strong force 
separated during the in”  ation. But it 
wasn•t until the end of the Quark era 
that the universe was cool enough to 
separate the electromagnetic and 
weak forces, establishing the physical 
laws we follow today.   

The primordial soup of the early 
universe was composed of pairs of 
particles and anti-particles (mostly 
quarks, anti-quarks, leptons and 
anti-leptons). Picture this ultra-hot, 
supercharged environment as the 
original super collider. Particles 
and anti-particles smashed 
together in a process called 
annihilation, producing beams of 

photons (light radiation). As more 
particles collided, more light was 
generated. Some of those photons 
reformed into particles, but when 
the universe “  nally cooled enough 
to form stable atoms, the spare 
photons were set free. The net 
result: the (observable) universe 
contains a billion times more light 
than it does matter.

Let there be light

CERN•s Large Hadron Collider (LHC) is the world•s largest 
particle accelerator. At full power, trillions of protons 

will travel at near light speed through super-cooled 
vacuum tubes buried 100 metres below the surface. As 

the protons smash into each other … at a rate of 600 
million collisions per second … they will generate 

energy 100,000 times hotter than the Sun, a faithful 
recreation of the cosmic conditions milliseconds after 

the Big Bang. Using ultra-sensitive detectors, scientists 
will scour the debris trails for traces of quarks, leptons 
and even the Higgs boson, a highly theoretical particle 

believed to give mass to matter.

Recreating 
the Big Bang

Higgs boson 
(hypothetical)

raviton 
hypothetical)

W-boson

Quark-aniquark 
forming and 
annihilating

Photon

Antineutrino

Decaying 
X-boson

X-boson decay 
products 
(particles and 
antiparticles)

Antiquark pair

110-9 to 10-62

A funny thing happened at 10 -39 seconds 
after the beginning of time. The 
universe produced huge particles 
called X-bosons (1,015 times more 
massive than protons). X-bosons are 
neither matter nor anti-matter and 
exist only to carry the Grand Uni“  ed 
Force, a combination of the 
electromagnetic, weak and strong 
forces that exist today. 

The Grand Uni“ ed Force drove the 
early expansion of the universe, but 
rapid cooling caused X-bosons to decay 
into protons and anti-protons. For 
reasons that aren•t clear, a billion and 
one protons were created for every 
billion anti-protons, creating a tiny net 
gain of matter. This imbalance, forged 
during a short blip in time, is the reason 
for our matter-dominated universe.

X-bosons

A computer simulation of 
the decay path of a Higgs 
boson after two protons 

collide in the LHC
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The Big Bang theory

Hadron era
When the expanding universe cooled to 
1,013K (ten quadrillion degrees Celsius), 
quarks became stable enough to bond 
together through the strong force. When 
three quarks clump together in the right 
formation, they form hadrons, a type of 
particle that includes protons and 
neutrons. Miraculously, every single 
proton and neutron in the known 
universe was created during this 
millisecond of time. 

Lepton era
During this comparatively •long• 
era, the rapidly expanding 
universe cools to 109K, allowing 
for the formation of a new kind of 
particle called a lepton. Leptons, 
like quarks, are the near mass-
less building blocks of matter. 
Electrons are a •” avour• of lepton, 
as are neutrinos. 

Nucleosynthesis era
For 17 glorious minutes, the universe 
reached the ideal temperature to 
support nuclear fusion, the process by 
which protons and neutrons bond 
together to form atomic nuclei. Only the 
lightest elements have time to form … 75 
per cent hydrogen, 25 per cent helium … 
before fusion winds down. 

Everything in the universe … the 
galaxies, the stars, the planets, 
even your big toe … is made of 
matter. In the beginning (roughly 
13.7 billion years ago), matter and 
radiation were bound together in a 
superheated, super-dense fog. As 
the universe cooled and expanded, 
the “ rst elemental particles 
emerged: quarks and anti-quarks. 
As things cooled further, the strong 
force separated, pulling together 

clumps of quarks into protons 
and neutrons, building the “  rst 
atomic nuclei. Half a million years 
later, conditions were “  nally cool 
enough for nuclei to pull in free 
electrons, forming the “  rst stable 
atoms. Small ” uctuations in the 
density of matter distribution led 
to clusters and clouds of matter 
that coalesced, over hundreds of 
millions of years, into the stars and 
galaxies we explore today. 

The origins of matter

Electron
Newly formed 
hadron

Positron

Pion, a type 
of meson

Photon
Positron 
(antielectron)

Free quark

Pion

Proton, 
formed 
from quarks 
and gluons

Neutron, 
formed 
from quarks 
and gluons

Electron

Proton

Neutron

Helium-3 
nucleus Helium-4 

nucleus

Neutrino

Photon

Electron

10-6 to 1 second 1 second to 3 minutes  3 minutes to 20 minutes

So what is the universe made of? Well, 
there is more to the universe than 
meets the eye. Cosmologists have 
proven that the visible or •luminous• 
portions of the cosmos … the stars, 
galaxies, quasars and planets … are only 
a small fraction of the total mass and 
composition of the universe. Using 
super-accurate measurements of 
cosmic microwave background 
radiation ”  uctuations, scientists 
estimate that only 4.6 per cent of the 

universe is composed of atoms 
(baryonic matter), 23 per cent is dark 
matter (invisible and undetectable, but 
with a gravitational effect on baryonic 
matter), and 72 per cent is dark energy, 
a bizarre form of matter that works in 
opposition to gravity. Many 
cosmologists believe that dark energy 
is responsible for the accelerating 
expansion of the universe, which 
should be contracting under its own 
gravitational pull. 

Dark forces
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A star is born

A star is born

Brown 
dwarfA brown dwarf is sometimes not even 

considered a star at all, but instead a sub-
stellar body. They are incredibly small in 
relation to other types of stars, and never 
attained a high enough temperature, mass 
or enough pressure at its core for nuclear 
fusion to actually occur. It is below the main 
sequence on the Hertzsprung - Russell 
Diagram. Brown dwarfs have a radius about 
the size of Jupiter, and are sometimes 
difficult to distinguish from gaseous planets 
because of their size and make-up (helium 
and hydrogen)

Star or planet? 

Supergiants are among the rarest types of stars, and can be as large 
as our entire solar system. Supergiants can also be tens of thousands 
of times brighter than the Sun and have radii of up to a thousand 
times that of the Sun. Supergiants are above the main sequence on 
the Hertzsprung-Russell Diagram, occurring when the hydrogen of 
main sequence stars like the Sun has been depleted

The rarest star

If a star has enough mass to become a supergiant, it will 
supernova instead of becoming a white dwarf. As 
nuclear fusion ends in the core of a supergiant, the loss 
of energy can trigger a sudden gravitational collapse. 
Dust and gas from the star•s outer layers hurtle 
through space at up to 30,000 kilometres per second

A star explodes

Red dwarfs are small and relatively cool stars, which while being large in 
number tend to have a mass of less than one-half that of our Sun. The heat 
generated by a red dwarf occurs at a slow rate through the nuclear fusion of 
hydrogen into helium within its core, before being transported via convection 
to its surface. In addition, due to their low mass red dwarfs tend to have 
elongated life spans, exceeding that of stars like our Sun by billions of years.

The cool star

Red 
dwarf

Red 
giant

Giant 
molecular 
cloud

Almost a star
A protostar is a ball-shaped mass in the early stages of 
becoming a star. It•s irregularly shaped and contains dust 
as well as gas, formed during the collapse of a giant 
molecular cloud. The protostar stage in a star•s life cycle 
can last for a hundred thousand years as it continues to 
heat and become denser

There may be as many as 10 
billion trillion stars in the 100 
billion galaxies throughout the 
universe, but •onlyŽ about 100 

billion in our galaxy, the Milky Way. Most stars 
comprise plasma, helium and hydrogen. They 
form when giant molecular clouds (GMCs), also 
known as star nurseries, experience a 
gravitational collapse. This increase in pressure 
and temperature forces fragments into a body 
known as a protostar. Over the course of its life, a 
typical star goes through continuous nuclear fusion 
in its core. The energy released by this fusion makes 
the star glow. 

Stars are classi“ ed according to the Hertzsprung-
Russell Diagram, which lists their colour, temperature, 
mass, radius, luminosity and spectra (which elements 
they absorb). There are three main types of star: those 
above, below and on the main sequence. Within these 
types, there are seven different classi“  cations. We•re most 
familiar with the main sequence star that we call the Sun, a 
type G yellow-white star with a radius of 700,000 kilometres 
and a temperature of 6,000 kelvin. However, some stars above 
the main sequence are more than a thousand times larger than 
the Sun, while those below the main sequence can have a radius 
of just a few kilometres.  

Proto-
stars
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1. Proxima 
Centauri 
Other than our Sun, the 
closest star to Earth is 
Proxima Centauri. It is 
about four light-years 
from the Sun.

TYPES OF STAR

2. VY Canis 
Majoris
The largest known star, 
VY Canis Majoris, has a 
radius of between 1,800 
and 2,100 times that of 
the Sun.

3. HE0107-5240
HE0107-5240, a giant star 
in the Milky Way, may be 
nearly as old as our universe 
at about 13.2 billion years 
old. It could•ve once been 
part of a binary star system.

NEAREST LARGEST OLDEST

A star may have a life cycle of millions to trillions of years. The larger the star is, the shorter its life cycleDID YOU KNOW? 

Compared to other stars, the Sun is in the middle of the pack 
when it comes to size and temperature 
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White 
dwarf

Black 
dwarf

Super- 
novae

Hypernovae

Neutron 
star

White dwarfs are considered the final phase in a star•s life cycle unless it attained enough mass to 
supernova (and more than 95 percent of stars don•t). The cores of white dwarfs typically comprise 
carbon and oxygen, left over after the gas is used up during nuclear fusion and occurring after a 
main sequence star has gone through its giant phase. A white dwarf is small, with a volume 
comparable to that of Earth•s, but incredibly dense, with a mass about that of the Sun•s. With no 
energy left, a white dwarf is dim and cool in comparison to larger types of stars

Catch a dying star
Black dwarfs are the hypothetical next stage of star degeneration after the white 
dwarf stage, when they become sufficiently cool to no longer emit any heat or 
light. Because the time required for a white dwarf to reach this state is 
postulated to be longer than the current age of the universe, none are expected 
to exist yet. If one were to exist it would be, by its own definition, difficult to 
locate and image due to the lack of emitted radiation

The stellar remnant

A hypernova is a supernova taken to an even larger degree. Supergiant 
stars with masses that are more than 100 times that of the Sun are 
thought to have these massive explosions. If a supergiant were close to 
Earth and exploded into a hypernova, the resulting radiation could lead 
to a mass extinction

Beyond the supernova

Neutron stars are a potential next stage in the life cycle of a star. If the 
mass that remains after a supernova is up to three times that of the 
Sun, it becomes a neutron star. This means that the star only 
consists of neutrons, particles that don•t carry an electrical charge

The neutron dance

Black 
dwarf

Super
giant

Star starts to collapse as 
hydrogen is used up

Star continues to 
collapse as no helium 
burning occurs

Only gas pressure counter-
balances gravity

Small, dim star 
gradually fades

Black 
hole

Stellar black holes are thought to be the end of the life cycle for 
supergiant stars with masses more than three times that of our 
Sun. After supernova, some of these stars leave remnants so 

heavy that they continue to remain gravitationally unstable

The absence of light
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Zombie 
stars
Plus six other celestial 
wonders explained

If you•re looking for a star that•s unpredictable, then 

the ” are star is it. With their dramatic bursts of 

brightness, ”  are stars often come in the form of dim 

red dwarfs, which are small and relatively cool 

stars compared to our Sun. They•re not too 

dissimilar to our very own star, though … the 

material that erupts from their surfaces is similar to 

how solar ” ares storm from the Sun•s surface … and 

these phenomena are all down to magnetic 

reconnection in the stars• atmospheres. 

Magnetic reconnection is when magnetic “  elds 

are rearranged, causing high temperatures and 

particles to race away at high speeds. From Earth, 

” are stars usually appear quite faint to us despite 

turning up the brightness. In fact, in order to be 

able to see one, you would need to use your own 

space telescope. 

In April 2014, NASA•s Swift satellite observed 

a record-breaking sequence of eruptions from 

a nearby red dwarf star at a distance of roughly 60 

light years. The blasts were so bright that they were 

measured to be as much as 10,000 times more 

powerful than the biggest solar 

” are ever recorded. 

Flare stars are usually red 
dwarfs, which are cooler 
and smaller than our Sun

Flare stars

Flare stars play host 
to unpredictable bursts 
in brightness

UNIVERSE
Zombie stars and other celestial wonders
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We know the Type Ia supernova as the explosive death of a 

white dwarf star, completely blown to smithereens. There 

can be survivors in such a catastrophe, however. These beat 

the odds in what is known as a Type Iax supernova eruption. 

Occasionally, the supernova explosion is unusually weak 

(relatively speaking), allowing a portion of the original white 

dwarf star to survive. In 2014, astronomers studying 

archived Hubble images identified one such battered and 

bruised supernova survivor. These white dwarf remnants 

appear to come back to life as they explode, earning them 

the nickname of zombie stars.   

The blue stragglers are a bit of a contradiction. These 

stars, which burn hot and shine blue, would appear to 

be quite young, yet they reside in open or globular star 

clusters … gatherings of ancient stars that are usually 

around the same age because they all formed and 

•grew upŽ together. 

They•re called blue stragglers because in terms of 

their evolution, they appear to be lagging behind their 

neighbours. Just how they come to exist is still a bit of 

a mystery and two possible ways are shown below.  

According to astronomers, the most obvious 

explanation is that these young stars must have been 

made from the merger of two older, low-mass stars 

within the dense confines of the cluster, making a 

more massive star that is rejuvenated and appears 

much younger.  

The collision model The slow coalescence model
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Zombie stars

Blue stragglers can be identi“ ed as bright 
blue stars at the centre of star clusters

If a supernova explosion is 
relatively weak, bits of a 
white dwarf star can survive

Ejected debris

1 Collision course
Two low-mass stars head toward each other for 

a head-on collision.
3 A reborn star

The new merged star appears from the debris 
of the collision and shines hot and blue.

1 Close companions
Sometimes stars come in close pairs … so close that they 

are actually touching and begin to transfer material.

2 Vampire star
The larger star•s stronger gravity wins out, and begins cannibalising the 

smaller partner. As it does so, the larger star spins up.

3 Fast spinner
The larger star grows 

more massive, hotter and 
bluer, and spins at least 
75 times faster than our 
familiar Sun.

4 Swollen star
The evolution of the star is not over yet. The 

extra heating causes the star to swell and expand, 
turning red as its rotation slows.

5 Contraction
As the interior of 

the star settles down, 
it contracts again, 
turning a blue hue 
once more.

2 Stellar tango
As the two stars enter into each other•s 

gravitational in” uence, they begin rotating around 
each other before spinning into one another.

The more massive a star, the shorter its life span. The most massive stars explode after a few million years. 
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Free 
Quarks

Down Quarks

Strange Quarks

Quark stars

Hybrid stars

This type of star is one of the most exotic of all … so 

exotic that we•re yet to even “ nd one. Quarks are 

fundamental particles … they make up the protons 

and neutrons we “  nd in the nuclei of atoms. So 

why would we “  nd an entire star made not of 

atoms, nor protons and neutrons, but just quarks? 

When massive stars explode, their cores are 

compressed down to the point that their atoms are 

crushed so that protons merge with electrons to 

form a neutron star. The theory behind quark stars 

is, if the pressure is great, it can even squeeze the 

neutrons apart into their component quarks.

Akin to a Russian doll, a hybrid star is actually quite 

bizarre … especially since they exist as one star 

encased inside the shell of another … simply because 

the larger star has gobbled up the smaller one.

It was physicist Kip Thorne and astronomer Anna 

Zytkow who proposed that such a star existed back 

in the Seventies, but it wasn•t until 40 years of 

searching that a hybrid star … also known as a 

Thorne-Zytkow object … was uncovered. To look at, a 

hybrid star seems like your standard red supergiant, 

similar to Betelgeuse in the constellation of Orion. 

But it•s the chemical “ ngerprints they leave, 

measured by analysing the red supergiant•s 

starlight, that give a neutron star away.

Strange quarks
Another type is the •strange• quark, and some 
theories speculate that some quark stars could 
be made entirely of strange quarks.

Small stars
Quark stars would be very 
small, less than 10km 
(6.2mi) across.

Crusty star
A strange quark star would 
form inside a neutron star, 
so it is expected to have a 
thick crust of neutrons 
surrounding it.

Explosive stars
A handful of supernovas 
have been seen to have 
exploded brighter than any 
others, and some scientists 
think they signal the birth of 
quark stars.

Stable star
A particularly massive quark star 

could have enough 
gravitational energy to start 

using strange matter as 
fuel, remaining stable for 

about 10 million years.

Up and down
The most common types of quark 
are described as •up• and •down• 
and make up protons and neutrons.

Thorne-Zytkow 
objects are bizarre 
hybrids, so we get 
two stars for the 
price of one

Inside a 
hybrid Neutron star

At the core of the star is the neutron 
star. In this diagram its size has been 

exaggerated, as neutron stars are 
only 10-20km (6.2-12.4mi) across, 

but incredibly dense.

Hot meets cool
The neutron star is very 
hot, over 1bn°C 
(1.8bn°F), while the red 
giant is just a few 
thousand degrees hot.

Different elements
The difference in temperature of 
the two stars might result to 
rather unusual stellar chemistry, 
with different isotopes of 
elements being created. 

The red giant
The outside of the star is 
the red giant, which is the 
puffed-up transformation 
of a Sun-like star near the 
end of its life.
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This is the view of the 
sky as seen from HD 
140283, which is the 
oldest known star in 
the Milky Way galaxy

Old-timer

How Vega loses its spherical 
shape because it•s too quick

Whirling dervish

The Methuselah star
The oldest star currently known 
to us at 13.7 billion years old, HD 
140283 has a very low amount 
of heavy elements.

The Pleiades
At the other end of the age scale 
is the Pleiades star cluster, 
containing around a thousand 
stars just 100 million years old.

Dizzying rotation
Fast rotators like Vega and 

Regulus spin at hundreds of 
thousand of kilometres per hour.

Debris disc
Vega is a relatively young star, 
which is why it still has its debris 
disc, and younger stars tend to 
spin faster.

Temperature
Vega•s bulge means the surface 

temperature varies across the star, 
with the hottest temperatures 

found at the star•s poles.

A quick spin
Vega takes just 12.5 hours 
to complete one revolution. 
In comparison, our Sun 
takes about a month.

The Sun
9 billion years younger than 
HD 140283, the Sun has an 
abundance of heavy 
elements 250 times greater 
than the Methuselah star.

Betelgeuse
Betelgeuse is a star that will 
one day go supernova. Heavy 
elements are created within 
such stars.

The universe is 13.8 billion years old, and there•s 

one star that is almost the same age. The star HD 

140283, nicknamed the Methuselah star, is 

estimated to be at least 13.7 billion years old. This 

star, which is 190 light years away from Earth, 

sports a very low abundance of heavy elements. 

These elements are forged inside stars and build 

up over many stellar generations. To have such a 

low heavy-element abundance, the Methuselah 

Star must have formed right after the very “  rst 

generation of stars.

You haven•t really met a strange-looking star until you•ve come 

across an egg-shaped one. Regulus, which you can see from 

Earth in the constellation of Leo, is one such stellar 

abnormality that we know of.

Stars like to spin, with some moving faster than others. Our 

Sun is able to hit speeds of 7,242 kilometres (4,500 miles) per 

hour. However, the giant star Regulus, which is at least three 

times bigger than the Sun, clocks a velocity of almost 1.13 

million kilometres (700,000 miles) per hour despite its sheer 

size. Another speedy spinner is Vega, the bright star in the 

constellation of Lyra, which spins at a rate of 986,400 

kilometres (613,000 miles) per hour. Being fast movers means 

these stars lose their spherical shape as centrifugal forces 

cause their equators to bulge outward and the stars appear 

egg-shaped instead. 

Oldest star

Egg-shaped star

Hyper-velocity stars are runaway stars that encountered the black hole at the centre of the galaxy 



























































158 Telescopes
 The evolution of the telescope,  
 from Dutch glass to Hubble

160 Seeing stars
 How a telescope works

162 Telescope classi“  cation
  What kind of telescopes do 

scientists use and how?

164 James Webb Space Telescope
 Successor to the distinguished  
 Hubble Space telescope

166 ALMA telescope
 Developing the best view of the  
 universe possible from Earth

167 Measuring stars
 Gauging stars through parallax

167 Star clusters
 Astral parties

168 Spectrography
 Determining the composition of  
 distant stars

169 Meteor showers
 Observing celestial spectacles

170 Wildest weather in space
 The biggest storms in the universe

174 Radio telescopes
  Using radio waves to measure 

celestial bodies

174 Listening in to space
  Is there really anything to hear 

out there? 
 
175 Spitzer Space Telescope
  Last of the great observatories left 

on earth
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DID YOU 
KNOW?

The largest star in the universe that we know of is VY Canis Majoris, a red 
hypergiant star 5,000 light years from Earth. It is 2,100 times the size of 
our Sun and, if it were placed at the centre of our solar system, its surface 
would extend beyond the orbit of Saturn.

What•s the biggest star?

How do astronomers establish how big a star is?

Measuring stars

The secret of 
star-gauging

1. Distance
The distance to the star is 
usually calculated by using 
parallax, measuring the 
motion of the star across the 
night sky over several 
months or even years

2. Interferometry
Once a star•s distance is known, its 

diameter can be accurately 
ascertained using a technique called 

stellar interferometry, which 
measures electromagnetic waves

3. Size
Stellar interferometry involves 
routine measurements of 
bright stars to just a few 
fractions of a degree, allowing 
their diameters to be pinned 
down in millions of kilometres
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What causes these 
stellar parties?

A star cluster is a group of stars 
brought together over millions or 
billions of years that have grown 
gravitationally bound to one 

another. The two known types are globular 
and open clusters. One of the most fascinating 
things about them is that all of the stars in 
such a group are centred around the same 
gravitational point, despite also often being 
inside a galaxy.

Open clusters are much smaller than their 
globular brothers, the former containing just a 
dozen to a few hundred stars, and the latter 
potentially encompassing hundreds of 
thousands. Globular clusters tend to be more 
uniform too, with the stars forming a sphere 
around a common central point, while in an 
open cluster stars are more scattered owing to 
the weaker gravity. Globular clusters typically 
have older stars that have been bound for 
millions of years, whereas open clusters are 
composed of newer stars that may come and 
go over time.  

Star 
clusters
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 The maximum amount of stars you•ll see on an exceptionally good night is between 2000-2500 




























