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GALAXIES GALORE
The universe is populated by 
galaxies —huge collections of 
stars. The galaxies shown here 
belong to a group of five known 
as Stephan’s Quintet. The bright 
stars in view are closer and 
belong to the Milky Way Galaxy.



Universe
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Atomic nuclei 

The universe started in an event known as the Big Bang, 
which occurred about 13.7 billion years ago. It was a type of 
explosion that produced everything in today’s universe—all 
energy, matter, and space —and marked the start of time. 
Back then, the universe looked nothing like it does today,  
but everything that exists now existed in some form then. 
Although the amount of material and energy the universe  
is made of has remained the same, it has been cooling, 
expanding, and changing ever since it came into being. 

BIG BANG 3  FIRST ATOMS
The first atoms formed when the universe was 300,000 years old. 
Hydrogen and helium nuclei joined with protons and electrons, 
which are other tiny particles, to make atoms. This ordinary matter 
consisted of 76 percent hydrogen and 24 percent helium, with  
a trace of lithium. The hydrogen and helium would  
go on to produce all the elements found  
in today’s universe. 

1  AT THE START
No one knows what came before the Big Bang, or why it occurred, 
but we have put together the story since almost the instant of the 
universe’s creation. The universe was created in a tiny fraction of a 
second. It was then an exceptionally hot and an immensely dense 
ball of radiation energy. It was also microscopically small, but within 
a trillionth of a second it ballooned to about the size of a soccer 
pitch, before settling down to a slower rate of expansion.  

2  HOT STUFF
The very young universe was incredibly hot, about  
1,800 trillion trillion °F (1,000 trillion trillion °C). Within  
one-thousandth of a second, its tiny radiation particles 
produced tiny particles of matter. Within three 
minutes the Universe was an opaque 
“foggy soup” of particles, which 
were mainly hydrogen and 
helium nuclei. The universe 
stayed this way for 
300,000 years, 
expanding and 
cooling to 4,900°F 
(2,700°C).  

Helium atom

Hydrogen atom

1
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4  TRANSPARENT UNIVERSE  
At the time that the first atoms were forming, the  
universe changed from being opaque to being 
transparent. In places, hydrogen and helium gas and  
dark matter began to concentrate into clumps. Over  
tens of millions of years, the first galaxies formed in  
these denser regions, as dark matter settled into  

huge haloes around rotating disks of gas.  
Within these, the first stars were born. 

5  CHEMICAL MIX 
The first stars were massive, made almost entirely of hydrogen 
and helium, and had short lives compared to later stars. Nuclear 
reactions inside these stars produced other chemical elements, 
such as carbon, oxygen, and silicon, which were thrown out into 
space as the stars died. The universe’s chemical mix has been 
changing gradually ever since, as new generations of stars have 
produced additional amounts of these and other elements. 
Today, the universe’s ordinary matter is still mainly hydrogen  
(74 percent) and helium (23 percent). 

6  GALAXIES
The huge galaxies we see today formed over hundreds of 
millions of years through mergers and interactions with other 
galaxies. This is how our galaxy, the Milky Way, was born. The 
Sun formed inside it about 4.6 billion years ago, and the planets 
that orbit it, including Earth, very soon after. When we look into 
the universe from Earth, we look back in time. The light from 
distant objects takes a long time to travel across space and so 
we see these distant objects as they were in the past.

7  DECAYING HEAT   
We can observe objects at different times during the Universe’s 
past, but we cannot look back as far as the start and see the  
Big Bang directly. However, we can detect the decaying heat  
of the Big Bang. Known as the cosmic microwave background 
radiation, it is found in every direction around us. It dates from 
the time when the universe was about 380,000 years old. The 
background heat is now -454°F (-270°C).

Map of the heat left over 
from the Big Bang

Colors represent tiny 
temperature differences—reds 
are warmer, blues are cooler

5
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The universe is everything we know about, as well as everything  
we have yet to discover. It includes all space and time as well as 
everything we see or detect in other ways. Parts of the universe, such 
as the planets, stars, and galaxies, are familiar to us, but only make 
up a small amount of it. The vast majority of the 
universe remains unknown.

TODAY’S UNIVERSE

2  DISTANT QUASAR

Telescopes on Earth and in space are  

used to collect and record information.

Telescopic cameras are also on board 

robotic spacecraft that are sent into space. 

The brightest starlike object in this image by the 

Hubble Space Telescope is a quasar—a type of galaxy 

and one of the universe’s most distant objects.   

1  ENERGETIC UNIVERSE 

We learn about the universe by collecting and analyzing the energy 

from its objects. One form of energy is light, and this allows us to see 

objects. We also gain knowledge from other forms, such as X rays. 

Here, an X-ray view of two galaxies reveals a jet of material powering 

out from around a supermassive black hole.

2
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3  GALAXY GROUP
The billions of galaxies in the universe are enormous collections of stars. 
Galaxies exist in groups and often interact with their neighbors. The Seyfert’s 
Sextet appears to contain six galaxies, but is actually a group of just four 
galaxies. The object at lower right is a part of one of the galaxies, and the 
small spiral in the center is more distant than the other galaxies.  

4  STAR CLUSTER
There are trillions of stars in the universe. Our Sun is one—it is a huge 
spinning globe of hot gas and, like other stars, it follows a life cycle. 
Stars form in clusters within huge clouds of gas and dust. The 80 or so 
stars in this Butterfly Cluster were born about 100 million years ago. 

5  STAR BIRTH
In addition to stars, galaxies contain massive, cold clouds of 
mainly hydrogen gas. Stars are forming all the time within these 
clouds as fragments of the cloud condense. In this false-color 
infrared view of the Eagle Nebula, the stars appear blue, the 
gas is green, and red shows where there is dust.  

6  PLANET
One of Earth’s nearest space neighbors is Mars. Along 
with Earth, it is one of the eight major planets that orbit 
the Sun. The scientific rules we live by on Earth, such  
as gravity, apply on Mars and all over the universe. 
Chemical elements found on Earth, such as oxygen, 
occur throughout the universe—they exist in different 
states depending on temperature and pressure.  

7  SMALL WORLD
Huge numbers of small bodies exist in the region 
of space around the Sun. They include planetary 
moons, such as Mimas, which is 256 miles  
(418 km) across and orbits Saturn. Smaller  
still and more numerous are the asteroids  
that are located between Mars and Jupiter, 
and the comets that are more distant  
from the Sun than Neptune.  

Dark energy 

72 percent

Atoms  

4.6 percent

Mimus’s largest crater is 

88 miles (140 km) wide

Dark matter

23 percent

6

8

8  UNKOWN UNIVERSE

The planets, stars, and galaxies are made of atoms and amount to 

4.6 percent of the universe. The rest is not detected directly, but we 

know it is there by its effect on objects close by. It consists of dark 

matter and an unknown form of energy, called dark energy. 
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There are at least 125 billion galaxies in the universe. 
Each consists of a huge number of stars, vast amounts 
of gas and dust, and dark matter, all bound together 
by gravity. Galaxies come in four main shapes  
and in a range of sizes. Dwarf galaxies measure  
a few thousand light-years across and have about  
10 million stars, while a giant galaxy is typically 
300,000 light-years wide with 1,000 billion stars.  
The very center of a galaxy is known as its nucleus  
or core, and most galaxies, if not all, have a 
supermassive black hole lying there.

GALAXIES 1  ELLIPTICAL
Elliptical galaxies come in a range of ball shapes, from almost spherical  
to flattened oval. They appear smooth and featureless, and they consist of 
older stars. The galaxies contain little gas and dust, and have limited star 
formation. The majority of an elliptical galaxy’s stars are on highly eccentric 
orbits that take them into and then out from the central region. These 
galaxies come in a range of sizes. M87 is one of the largest.

2  IRREGULAR 
About a quarter of all galaxies are classified as irregulars, because they have 
no regular shape or form. They are small and contain considerable amounts 
of gas and dust. In the past, they were spiral-shaped, but because they 
passed too close to, or even through, another galaxy, they have been pulled 
out of shape. Close encounters trigger star formation, so irregulars have high 
proportions of new and young stars. M82, the Cigar Galaxy, is irregular due 
to its interaction with M81, a neighboring spiral galaxy.  

This image of M82, in infrared 
wavelengths, shows dust particles (red) 

blown out by the galaxy’s hot stars (blue)

M87 is a giant elliptical galaxy 
some 120,000 light-years across 
and 55 million light-years away

1

2
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3  SPIRAL
Spiral galaxies consist of a bright, central bulge  
of stars surrounded by a flat disk of stars, gas,  
and dust. Spiral arms seem to wind out from  
the bulge. In fact, stars also exist between the 
arms. The spiral arms are seen clearly because 
they are denser regions where stars are forming 
and so contain many young, bright stars. The  
disk and bulge are surrounded by a faint halo  
of old stars, many of which are clumped together  
in globular clusters. 

4  BARRED SPIRAL 
Nearly two-thirds of spiral galaxies have a  
barlike region of stars in their central section,  
and so are classified as barred spirals. Their spiral 
arms appear to wind out from the two ends of 
the bar, which is thought to channel gas and dust 
inwards towards the central bulge. The flow of 
this matter causes many barred spirals to have 
active nuclei, as the material fuels a central  
black hole. New stars also form from the  
gas and dust in the galaxies.

5  SOMBRERO GALAXY 
The spiral galaxy M104 is seen edge-on from 
Earth. It is also known as the Sombrero Galaxy, 
because of its passing resemblance to the 
Mexican hat. Its dark dust lane forms the hat’s 
rim, and the galaxy’s bulging core makes the 
hat’s crown. 

4

5

The Pinwheel Galaxy, M101, is 
face-on to Earth. It is about twice 
the width of the Milky Way 
Galaxy and one of the 

largest spirals known

Like other barred spiral galaxies  
with large bars, NGC 1300 has a  

spiral structure within its bar where 
gas is being funneled inward

The Sombrero Galaxy is surrounded 
by a roughly spherical halo of about 
2,000 globular clusters

3
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Some galaxies give off much more light than is expected 

from their stars alone. This is usually traced back to 

activity in their centers and for this reason they are called 

active galaxies. Most, if not all, galaxies have a black 

hole at their center. In an active galaxy, star material 

not only orbits the hole but falls in. This material 

forms a disklike ring around the hole and radiates 

intense energy. Material also jets out from either 

side of the hole. There are four main types of 

active galaxy: radio galaxy, quasar, blazar,  

and Seyfert galaxy.  

ACTIVE GALAXIES

1  RADIO GALAXY

The radio galaxy Centaurus A lies 15 million light-years away, in the 

constellation of Centaurus. It is classified as a radio galaxy because of its 

powerful radio emission, particularly from two great lobes that jet out from 

above and below its central massive black hole. This view, which combines 

data from three telescopes, shows that the lobes emit X rays, too.

2  QUASAR
One type of active galaxy is so bright and so distant that it appears  

as a starlike point of light. For this reason, and before their nature 

was understood, these galaxies were called quasars, which  

is short for quasi-stellar object. Quasars are galaxies  

with incredibly brilliant cores. The core is so bright  

that it is very difficult to see the surrounding 

galaxy. Quasar HE0450-2958 is in the 

center, while above it is a cloud  

of gas, and below it is  

another galaxy.

1

2
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3  BLAZAR
The name blazar was coined 

in 1978 to describe some 

compact and powerful 

quasarlike objects that had 

been observed. Blazars are 

galaxies with their radio jets 

pointing towards Earth. In 

this image of blazar 3C 279, 

the white and red part is the 

center of the galaxy, and 

part of a radio jet is below. 

4  SEYFERT GALAXY

The Seyferts are relatively normal 

spiral galaxies, but with a compact 

center and radio lobes. Seyfert galaxy 

NGC 7742 has a yellow core and is 

called the Fried Egg Galaxy. Seyfert 

galaxies are named after Carl Seyfert 

who, in 1943, identified them as being 

different from other galaxies.

5  DIFFERENT VIEWS

The four types of active galaxy are thought to be the same type of 

object seen from different angles. The black hole is surrounded by 

a disk of star material and around this is a doughnut-shaped 

ring of dust and gas. Some disk material falling into the 

hole is fired out as two narrow jets. In Seyferts and 

quasars, the dust ring is angled to Earth; in 

radio galaxies, it is edge-on; in blazars, 

the view is front-on. 

3

4

5

Seyferts and quasars 

have their dust rings 

tilted towards Earth

Radio galaxies 

have their dust 

rings side-on  

to Earth

Blazars have their 

dust rings face-on to Earth
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The Milky Way Galaxy is our galactic home. It is a 
disk-shaped system of gas and dust, and about 500 
billion stars. It is classified as a barred spiral galaxy. 
Along with the rest of the solar system, we live about 
27,000 light-years from the galaxy’s center—a little  
more than halfway to the outer edge. From our position 
inside the galaxy, we see it as a milky path of light 
across Earth’s nighttime sky, which is why we call  
it the Milky Way. 

THE MILKY WAY 1

1  PATH OF LIGHT
The Milky Way path of star-studded light that stretches across the 
night sky is our side-on view of the galaxy’s disk. The brightest and 
broadest part of the path is the view into the galaxy’s center. The 
remaining stars in the night sky are also part of the Milky Way Galaxy. 

2  FACE-ON VIEW
Our galaxy is disk-shaped with a bulging, roughly bar-shaped center 
that has spiral arms winding out of it. The bulge contains mainly older 
stars, while the arms are made of young and middle-aged ones. The 
galaxy is 100,000 light-years across and about 4,000 light-years thick. 
Each star follows its own path around the center, the galactic core, and 
the Sun takes 220 million years to complete one orbit.

4  CENTER OF THE MILKY WAY
Dense clouds of gas and dust obscure our view of the Milky 
Way’s center. However, radio and X-ray observations reveal  
a star-packed heart with a supermassive black hole called 
Sagittarius A* at the very center. This X-ray image was taken by 
the Chandra space telescope. Sagittarius A*, which is at least 
three million times more massive than our Sun, is hidden from 
view in the lower right part of the central bright region.  

3  EDGE-ON VIEW
In this image, the galaxy is drawn edge-on and we are 
looking into the side of the disk. Completely surrounding 
the disk is a spherical halo consisting of individual old stars 
and more than 180 globular clusters, which are spherical 
collections of old stars. These stars and clusters follow long 
orbits that take them in toward and around the central 
bulge, then away again.

2

3
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4

5

5  MILKY WAY MAP
From inside the Milky Way, it is difficult to 
make out the galaxy’s structure. Our efforts to 
find and then map its arms are also complicated 
by the huge amounts of gas and dust in the galaxy’s 
disk. Radio and infrared observations suggest there are 
two main arms (Perseus and Scutum-Crux), two minor 
ones, and a part arm (Orion), which contains the Sun. 

Obscured 
region

Perseus arm

Sun’s orbit

Sagittarius arm

Orion arm

Norma arm

Scutum-Crux arm

Sun

Galactic 
core
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The Milky Way and the Andromeda Galaxy are the two dominant members of a small 
cluster of more than 40 galaxies called the Local Group. The group occupies a volume 
of space shaped like a dumbbell that measures about 10 million light-years across.  
The galaxies in the Local Group are the Milky Way’s nearest galactic neighbors.  
Even so, some members of the group, including Canis Major Dwarf—the closest to us 
at 25,000 light years—have been discovered only in recent years. This is because dust 
and gas in the Milky Way’s disk blots out much of our view of what lies beyond. 

GALACTIC NEIGHBORS

1  MILKY WAY
The Milky Way is a large barred spiral  
and the second most massive galaxy  
in the Local Group. Our solar system  
lies in the disk of the galaxy and is 
located within its Orion arm. Many of  
the group’s smaller members orbit 
around the Milky Way—so far, 13  
have been found. Some of these will 
eventually collide and merge with  
the Milky Way. 

2  ANDROMEDA
The largest member of the Local Group  
is the Andromeda Galaxy, which  
contains just over twice as many stars as 
the Milky Way. It is 2.5 million light-years 
away. When the distance to Andromeda 
was first measured about 90 years ago, 
the galaxy was the first body that was 
proved to be outside the Milky Way. 
About ten of the Local Group’s smaller 
galaxies orbit around Andromeda. 

3  TRIANGULUM
The third largest member of the Local 
Group is the Triangulum Galaxy, which is 
about 3 million light-years away. It is a 
spiral galaxy whose arms are disjointed 
and split into parts. Many people can see 
the Andromeda Galaxy using the naked 
eye—for most of them, it is the farthest 
object they can see. In exceptionally good 
conditions, however, some people can  
see the Triangulum, which is more distant. 

4  LARGE MAGELLANIC CLOUD
The Large Magellanic Cloud (LMC) is the 
fourth largest member of the Local 
Group. It is about 20,000 light-years 
across, some 179,000 light-years away, 
and appears to orbit around the Milky 
Way every 1.5 billion years. Previously, 
the LMC might have been a barred spiral, 
but is now classified as an irregular 
galaxy. It is rich in star-forming regions 
and has a prominent central bar of stars.

5  SMALL MAGELLANIC CLOUD
Like its larger namesake, the Small 
Magellanic Cloud (SMC) takes its name 
from the Portuguese explorer Ferdinand 
Magellan, who observed the two when 
circumnavigating the globe in the early 
1500s. With a diameter of up to about 
10,000 light years, the SMC is  
7 billion times more massive than the 
Sun. Its distorted shape could be due to 
the Milky Way’s gravity pulling on it. 

7  SAGITTARIUS DWARF
This dwarf elliptical galaxy was 
discovered only in 1994. It is on the other 
side of the Milky Way’s central nucleus to 
Earth, and, at a distance of 65,000 light-
years, is our second closest companion 
galaxy. Its full name is Sagittarius Dwarf 
Elliptical Galaxy, but it is also known as 
SagDEG. The galaxy is relatively dust-free, 
with very old stars, and it is on a collision 
course with the Milky Way.

8  SEXTANS A
At about 5.2 million light-years away, the 
Sextans A Galaxy is one of the most distant 
members of the Local Group. A new wave  
of star formation started in this dwarf 
irregular galaxy about 100 million years 
ago. Supernovae triggered even more star 
formation, and many bright, young, 
blue-white stars are visible in an 
expanding shell around the galaxy. 

6  BARNARD’S GALAXY
This galaxy takes its name from the 
American astronomer E. E. Barnard, 
who discovered it in 1881 while using 
his telescope to search for comets. It 
is 1.7 million light-years away, is an 
irregular galaxy with a central bar, 
and contains only about 10 million 
stars. It has a similar composition and 
structure to the SMC and contains 
many young stars. 
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STAR BIRTH
This huge star-forming region 
of gas and dust is known as  
the Eagle Nebula. It is located 
in a spiral arm of the Milky Way 
Galaxy. At its center are the 
Pillars of Creation, three  
fingerlike regions several  
light-years long.



Stars
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u COLOR AND 
TEMPERATURE
A star’s color indicates its 
temperature, and as the star’s 
temperature changes, so does  
the color. Stars are classified 
according to their color and 
temperature. There are seven 
main types: blue stars (72,000°F, 
40,000°C), blue-white stars 
(54,000°F, 30,000°C), white stars 
(19,800°F, 11,000°C), yellow-white 
stars (13,500°F, 7,500°C),  
yellow stars (10,800°F, 6,000°C), 
orange stars (9,000°F, 5,000°C), 
and red stars (7,200°F, 4,000°C).

Pressure pushes 
out 

Balance of 
gravity and 

pressure 
makes the 

star spherical

Gravity pulls in 

There are trillions and trillions of stars in the 
universe. They are huge spinning globes of hot 
glowing gas made mainly of hydrogen and 
helium with small amounts of other elements. 
Much of a star’s gas is squashed within its  
core, where it produces nuclear energy. From 
Earth, the stars can appear similar, but their 
characteristics, such as size, temperature,  
color, luminosity, and mass, differ from star  
to star. An individual star’s characteristics  
also change as the star ages.

STAR QUALITY

u GRAVITY AND PRESSURE
A star’s gravity pulls the star’s gas in toward its center. At 
the same time, the pressure of the dense core pushes out 
the material. The two forces balance each other out and 
maintain the star’s size. Most stars are nearly spherical, 
though rapid spin makes them bulge around the equator. 
When two stars are very close, the gravity of each one pulls 
on the other, making their shapes distorted.

Rigel
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, LUMINOSITY
The amount of light a star produces is called its 
luminosity. The most luminous stars emit more 
than 6 million times the Sun’s light, and the least 
emit less than one ten-thousandth. Luminosity 
is an indication of the actual brightness of the 
star and is different from the brightness seen 
from Earth. If the Sun were farther away, it 
would appear dimmer even though it would 
have the same luminosity. 

u STAR SIZE
A star’s size can vary considerably during the course of 
its life. Large stars, such as Antares, are several hundred 
times bigger than the Sun. The largest of all are more 
than 1,000 times our star’s width, whereas the smallest 
are about one-hundredth of it. A star’s size is related  
to the density of its material. Two stars can have the 
same mass, but take up different volumes of space. 

u STAR MASS
The amount of material a star is made of is its 
mass. It determines the length and the course  
of a star’s life. The Sun is said to be made of one 
solar mass and other stars are measured in 
multiples or fractions of this. The most massive 
stars are about 100 times the Sun’s mass, while 
the least are just one-tenth of the Sun’s mass. 

Antares

Sirius 

Sun
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Bumps are dense 
regions where stars 

are forming 

Trapezium star 
cluster within the 

Orion Nebula 

2

1

3  PILLARS OF CREATION
These three columns of gas and dust  
are several light years long. Known as 
the Pillars of Creation, they are a very 
small part of a huge star-forming 
region, the Eagle Nebula, which is 
located within one of the spiral arms  
of the Milky Way Galaxy. The nebula is  
a vast cloud of gas and dust that also 
includes young stars that have already 
formed and regions where new stars  
are being born.

2  ORION NEBULA
One of the best known and closest 
star-forming regions is the Orion 
Nebula. It is also the brightest in Earth’s 
night sky. At its heart, is the Trapezium 
star cluster, which is about 30,000 years 
old. It is principally the ultraviolet 
radiation from its four most brilliant 
stars that causes the whole nebula to 
glow. The nebula is about 30 light-years 
across, but is part of a much larger 
cloud system.

Galaxies are much more than stars. They contain 
vast amounts of gas and dust that exist between 
the stars. This interstellar material is not evenly 
distributed and some of it is sparsely spread out, 
but much is in the form of huge, dense clouds. 
These clouds consist of mainly hydrogen gas,  
with helium and dust. Temperature defines the 
appearance of the clouds and the processes going 
on inside. A trigger, such as a collision with 
another cloud or a shockwave from a supernova 
explosion, can start star formation in some of the 
cooler clouds. 

GAS AND DUST 1  HORSEHEAD NEBULA
This dark, dense cloud is shaped like a horse’s head. Classified as a dark 
nebula, it is a cool cloud of dust and hydrogen. Its mass is about 300 times 
that of the Sun. The horse’s head is visible because it is silhouetted against 
a brighter background. It rears out of a larger dark cloud that includes 
young stars in the process of formation. The nebula is in the constellation 
of Orion, located below the hunter’s belt.  

Horsehead Nebula 
is about 16 light- 

years across
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Nebula near 
star cluster 
NGC 2074 

5

6

4

3

4  ETA CARINA NEBULA
The Eta Carina Nebula is one of the largest 
and brightest interstellar clouds known.  
It is more than 300 light-years across and 
contains some of the most massive stars 
discovered. Many of these are within a region 
known as the Keyhole Nebula. They include  
the star Eta Carinae, which is 100 times more 
massive than the Sun. This image, which  
shows only part of the nebula, was taken  
by the Hubble Space Telescope.   

5  NEWBORN STAR
Material streams out of the newborn star IRS4, which  
was born only about 100,000 years ago. The gas and  
dust nearest the star shines brightly because the star’s 
heat changes the hydrogen atoms and light is emitted. 
Brown dwarf stars are within the outer material. They 
don’t have enough mass for nuclear reactions in their 
cores and will never shine as brightly as other stars.

6  STAR BIRTH REGION
This huge star birth nebula is in the Large 
Magellanic Cloud, one of the Milky Way’s 
galactic neighbors. It is located near the 
star cluster NGC 2074. Ultraviolet radiation 
from the hot, young stars in the cluster is 
slowly eroding away the nebula and has 
sculpted the pillars and filaments of gas 
and dust. The seahorse-shaped pillar at 

lower right is about 20 light-years long. 

IRS4 is about 2,000 
light-years away in 

the constellation 
of Cygnus

Keyhole Nebula 
within the vast 
Carina Nebula 
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, PLEIADES
The best known and one of the nearest 
open clusters is the Pleiades, in the 
constellation of Taurus. This group of 
stars is 440 light-years away and it is 
estimated that there are about 5,000 stars 
in the cluster. The core of the Pleiades  
is about eight light-years across and 
dominated by very bright, blue-white stars. The 
cluster is slowly losing members and is expected to 
disperse completely in the next 250 million years.

When stars are produced, they are not formed singly but  
in clusters. There are two types of cluster. Loose-knit, “open” 
clusters are relatively young and some are forming in our 
galaxy’s disk now. The stars in these clusters will eventually 
drift apart. Much denser, “globular” clusters were formed 
when the galaxy was born and are still together. These are 
within the galactic halo and orbit the galaxy’s nucleus.  
The Milky Way Galaxy contains about 180 globular 
clusters and many thousands of open clusters. 

LIVING TOGETHER

, BUTTERFLY CLUSTER
The outline of this open cluster of stars is said to 

look like a butterfly with open wings. The cluster  
is about 12 light-years across and 1,600 
light-years away. Each of its stars is in orbit 

around the cluster’s center of mass, and, like 
the rest of the Milky Way’s open clusters, the 

whole cluster is orbiting the nucleus of the 
galaxy. Most of its stars are blue, but the brightest 

star in the cluster is an orange supergiant.
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GLOBULAR CLUSTER  .
M13, sometimes called the Great Globular Cluster, is 25,000  

light-years away, in the constellation of Hercules. Globulars are 
spherical, with more stars and are bigger than open clusters. This 

close-packed collection of about four million stars occupies a 
volume of space 170 light-years across. The cluster was formed 

more than 13 billion years ago. It follows a very elongated orbit 
around the nucleus of the Milky Way, and takes about 100 million 

years to complete one circuit.  

, COMPANIONS
The Sun, like about half of all nearby stars, 

is alone. The other nearby stars exist 
alongside one or more stars. Almost a third 
are binaries—two stars bound together by 
each other’s gravity. About 15 percent are 
triplets, and the rest are quads and quins. The 

bright star Albireo appears to be single, but 
consists of a bright, golden giant star and a 

fainter, blue-dwarf star close together in the sky. 
Some astronomers believe that they are 

gravitationally bound together. 

CLOSE PAIR  d
Some binary stars, such as the white dwarf (right) 
orbiting a brown dwarf star in this artwork, are so 

close that their separation is only about the 
diameter of the largest star. Under these 
circumstances, material from the outer 

part of one star can be pulled away by the 
strong magnetic field of the other. This mass transfer changes 

the physical states of the two stars and effects how they 
evolve. The gravity of each star can also pull on the other 

star, changing its shape from spherical to elliptical. 
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Stars a
re form

ing all th
e tim

e with
in huge clouds 

of gas and dust. 
The process s

tarts 
when the cloud 

becomes u
nsta

ble, and pieces o
f cloud are pulled in by 

their o
wn gravity. They sh

rin
k and slo

wly form
 sp

inning 

spheres o
f gas. T

hese are protosta
rs —

the first 
sta

ge of a sta
r’s  

life
. The material in

 the protosta
r’s c

ore is 
increasin

gly sq
uashed. 

Eventually, th
e core is 

so dense, and the pressu
re and temperature are 

so high, th
at nuclear re

actions st
art. 

It i
s n

ow a main sequence sta
r.

STAR LIFE

1  THE SUN

The Sun is a main sequence star. N
uclear 

reactions in its core convert h
ydrogen to helium 

and in the process produce energy such as lig
ht 

and heat. T
he Sun has been doing this for m

ore 

than 4.5 billio
n years. It 

will c
ontinue in this way 

for another 5 billio
n years or so. As it m

atures, it 

will e
ventually move on fro

m this stage to a new 

stage, changing in appearance as it d
oes so. 

4  WHITE DWARFS

Stars like the Sun, or up to about eight tim
es the Sun’s mass, evolve into 

planetary nebulae after th
e giant phase. The core has become so hot th

at 

the star pushes off its outer re
gion, fo

rming a colorfu
l shell o

f gas and dust 

around the remains of th
e star, w

hich is now a white dwarf. A
 white dwarf 

no longer produces energy, but stored energy makes it s
hine.

2  MAIN SEQUENCE STARS

The Sun is not unusual. A
ll stars pass through the 

main sequence stage and most spend the majority
 

of th
eir li

ves as main sequence stars. The main 

sequence stars come in a range of m
asses, and 

they differ in
 size, colour, and luminosity. Altair is

 a 

white main sequence star and is about 1.6 tim
es 

the diameter of th
e Sun.

3  GIANTS AND SUPERGIANTS

Most stars exist fo
r between about one and 

ten billio
n years. The length as well as the 

course of an individual star’s life
 depends 

on its mass. W
hen the Sun and other stars 

like it r
un out of core hydrogen to convert 

to helium, th
ey move fro

m the main 

sequence stage to the giant stage. The 

most m
assive stars become supergiants. 

1

2

3

4

Betelgeuse is a red 
supergiant about 500 
times the width of the Sun

Sirius is a main sequence 
star that has a tiny, white 
dwarf companion

The Sun is yellow with a 
surface temperature of 
about 9,900°F (5,500°C)

Altair is white with a 
surface temperature  
of 17,000°F (9,500°C)
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5  ANT NEBULA

The Ant N
ebula, so named because it l

ooks like the head 

and central body of a common garden ant, is
 a planetary 

nebula. M
aterial is moving away fro

m the central star at around 

2.25 millio
n mph (3.6 millio

n kph). M
ost is in the lobes which stretch 

out to
 a distance of m

ore than 1.5 lig
ht-years. The uneven way that th

e 

material has been expelled suggests there could be tw
o stars in the center. 

6  CAT’S EYE NEBULA

The intric
ate nature of th

e Cat’s Eye Nebula is revealed in this 

image. It 
has been produced by combining data fro

m tw
o 

space telescopes, th
e Chandra X-ray Observatory and the 

Hubble Space Telescope. The purple-colored regions, only 

seen in X-ray lig
ht, a

re hot gas. The red and green regions, 

seen at optical wavelengths, are cooler gas. 

7  RED RECTANGLE

The unusual shape of th
e Red Rectangle Nebula is due to a pair  

of central stars. A dense disk of m
aterial around the tw

o stars has 

restric
ted the flow of th

e expelled gas. The nebula isn’t a
 rectangle 

at all and only appears so because we see it f
rom the side. It 

consists of rin
gs of m

aterial m
oving outward on opposite  

sides of th
e stars. 

8  HELIX NEBULA

One of th
e brightest and closest planetary nebulae is the Helix 

Nebula. This im
age shows it i

n infrared and optical lig
ht. In

frared 

images have revealed thousands of ta
dpole-shaped gaseous 

knots, several th
ousand millio

n miles long. The dying star in
 its 

center is destined to be a white dwarf. I
t w

ill t
hen slowly fade and 

cool, u
ntil i

t is a cold, dark cinder in
 space—a black dwarf. 

5

6

7

8

Two central stars 
orbit their common 
center of mass

Eleven different rings of 
material have been ejected 
by the central star

Helix Nebula main 
ring is 1.5 light-years 
in diameter 

Lobes of expelled 
star material 
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EXPLOSIVE END 1  SUPERNOVA
When a massive star has run out of gas to convert, its core 
collapses and much of the star is blown off in a colossal explosion. 
This releases huge amounts of energy making the star extremely 
bright. This is known as a supernova. The original star’s core is  
left behind after the explosion and its fate depends on its mass. 
On average, a supernova is likely to go off every few hundred  
years in a typical galaxy.

2  NEUTRON STAR
If the core left behind by a supernova is between about 1.4 and  
three times the mass of the Sun, gravity forces the core to collapse.  
It forms a neutron star—a city-sized sphere which emits beams  
of energy that sweep across space as the star spins rapidly.  
These are the smallest, densest stars we can detect. A neutron  
star discovered by its beams is known as a pulsar. 

The nature and timing of a star’s death is 
determined by its mass. Stars more massive than 
the Sun have shorter lives and can die after just 
a few million rather than a few billion years. 
Some massive stars end their lives abruptly. 
Those made of more than about eight times the 
Sun’s mass end their lives in explosive fashion. 
Their outer material is blasted into space leaving 
a small core behind. Eventually, the expelled 
material will help create new stars. 

1
2

3
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4  BLACK HOLE
A supernova core made of more than about three times the  
mass of the Sun doesn’t stop collapsing at the neutron star stage. 
It continues to collapse, becoming denser and smaller until it is  
a hole in space—a black hole. Its gravitation is so strong that 
even light or other forms of radiation cannot escape from it.  
The black hole cannot be detected directly, but is identified  
by the effect it has on objects around it.

3  SUPERNOVA REMNANT
The material pushed off during a supernova explosion is  
known as a supernova remnant. It moves out from the site of  
the explosion and away from the leftover core and spreads out 
slowly into space. The material in the Vela supernova remnant, 
shown here, is from a star that exploded about 11,000 years  
ago. The star’s core became a pulsar which spins around  
11 times a second. 

5  ETA CARINAE
One of the most massive stars discovered in the night sky is Eta 
Carinae—it is 100 times more massive than the Sun. It lies at the 
center of a dumbbell-shaped cloud of gas and dust. The huge lobes 
of material were observed being ejected in 1841. The star erupts 
irregularly, and when it does, its brightness increases significantly.  
It is expected that Eta Carinae will end its life in one final giant 
eruption as a supernova. 

4

5

6  STELLAR RECYCLING
Supernova remnant material can be used to create new stars. It 
slowly mixes with material shed by other stars, as well as with 
hydrogen gas that exists between the stars. Over millions more 
years, this mixed material collects together by gravity into vast, 
cold, dark clouds. These clouds produce new stars, which, in turn, 
will scatter material that could go on to produce a further 
generation of stars. 

Nuclear reactions 
in star produces 
heavier elements

6

Clouds form  
from star and  
interstellar material

Fragments  
of cloud 
condense to 
form stars Mature star 

sheds material
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At least one in every 20 stars in the sky has  
planets orbiting it. Before 1992, the Sun was the 
only star with planets that we knew. Hundreds of 
planets orbiting other stars are now known. They 
are called extrasolar planets, or exoplanets. The 
first to be discovered were a pair of planets around 
the pulsar B1257+12. The first found orbiting a star 
like the Sun was in 1995, around 51 Pegasi. 

EXOPLANETS

1

1  DISCOVERY
Exoplanets are difficult to detect because they are relatively small 
objects and located next to much larger and much brighter stars. 
Most have been found by studying the spectra of stars over time to 
detect wobbles in their motion caused by the gravity of orbiting 
planets. This view combines separate images of the brown dwarf star 
2M1207 and its planet 2M1207b.

2  FOMALHAUT B
A huge ring of gas and dust measuring 21.5 billion 
miles (34.6 billion km) across surrounds Fomalhaut. 
The star’s light has been blocked so the ring can be 
seen in this image. Within the ring is the exoplanet 
Fomalhaut b, which is about 10 times farther from its 
star than Saturn is from the Sun. It takes 872 years to 
orbit Fomalhaut and is three times the mass of Jupiter. 

3  HR 8799B
Exoplanet HR 8799b was discovered in images taken 
by Earth-based telescopes in 2007. It is the outermost 
of three planets orbiting the star HR 8799 and 
estimated to be at least seven times the mass of 
Jupiter and about the same diameter. It was imaged  
by the Hubble Space Telescope in 1998, but went 
undetected. Its 1998 and 2008 positions are shown  
in the bottom right corner of this Hubble view.

2

3

4

The red glow in 
the center is a 

young star 

The disk is about  
99 percent gas and 

1 percent dust 

1998
2008 

position

Brown dwarf 
star 2M1207

Planet 2M1207b
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4  PROTOPLANETARY DISCS
The huge disks of gas and dust that astronomers have discovered surrounding some 
stars will go on to form planets. Called protoplanetary disks, they are like the disk of 
material that surrounded the newly formed Sun and that produced Earth and the 
other solar system planets. The four shown here are within the Orion Nebula. 

5

5  MASSIVE WORLDS
More than 40 stars are known to have more than one planet 

orbiting them. The red dwarf star Gliese 581 has four, while 
the star 55 Cancri has five, the most known so far. Most 

exoplanets discovered so far are typically about the 
same mass as Jupiter. Some are more Earthlike in 

the amount of material they are made of. 
Gliese 581e is one of the least massive—it is 

at least 1.9 times the mass of Earth. 

An artist’s impression 
of an exoplanet 
orbiting Gliese 581 

The central star is 
young, roughly one 
million years old 

The disk is about 
eight times the 
diameter of the 
solar system 
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. CRUX

Known by some as the Southern Cross, Crux is the smallest constellation 

of all. It is made from four bright stars within the path of the Milky Way. 

Crux is one of 28 constellations represented by objects. Its stars were once 

part of the constellation Centaurus, named after the mythical creature 

that is half-man and half-horse. The four stars were  

turned into Crux in the late 1500s.

Aldebaran

Betelgeuse

All the stars except the Sun are so far away that they appear like 

pinpoints of light and seem to be the same distance from us. Astronomers 

identify individual stars and find their way about the night sky by using 

a system of constellations. There are 88 constellations, and each is a 

straight-edged area of sky that includes a made-up 

pattern in the shape of a person, creature, or object.  

The patterns are formed by linking the brightest stars 

with imaginary lines. 

CONSTELLATIONS 

ORION .

Many of the oldest 

constellations we 

recognize now are linked 

with ancient Greek mythology. 

Orion, the hunter, is one of 12 

mythological human figures in 

the sky. His raised arms hold  

a club and a lion’s head. Orion  

is one of the most easily 

recognizable patterns. Its  

two brightest stars are the 

blue-white supergiant Rigel, 

marking his foot, and the red 

supergiant Betelgeuse on 

one of his shoulders. 

TAURUS .

The 15 animal constellations include Taurus, the bull. It is 

represented by its head and the front part of its body. Taurus’ 

brightest star is the red giant Aldebaran, which marks one of 

the bull’s eyes. Aldebaran is also part of a distinctive V-shape 

of stars in the bull’s face. Some of these, along with other, 

fainter stars in the face, are part of the Hyades star cluster. 

Rigel

Three bright stars 

form Orion’s belt 
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Ursa Major is the 

third-largest 

constellation

, SCORPIUS

The backdrop to the path of the Sun, Moon, 

and planets across the stars is made up of  

12 constellations, including Scorpius and Taurus. 

Together they are known as the zodiac,  

a term that derives from the  

Greek word for animal.  

Apart from Libra, which  

is a set of scales, the 

zodiac constellations  

all represent living or 

mythological creatures. 

Scorpius was the 

mythological scorpion that 

killed Orion with its sting. 

URSA MAJOR .

Most constellations have two names—  

their Latin name and their common name. 

Ursa Major is commonly known as the 

great bear. It is one of two bears in the  

sky: the second is Ursa Minor, the little 

bear. They are found in the sky above 

Earth’s northern hemisphere and, unlike 

real bears, both have long tails. The two  

are seen all year through by observers  

in the northern hemisphere. 

.OPTICAL ILLUSION

The stars in a particular pattern only appear to 

be associated. In fact, they are unrelated and at 

vastly differing distances from Earth. Here, the 

seven stars known as the Big Dipper, and which 

form the tail and rear of Ursa Major, appear on 

the black screen as they appear from Earth. 

When viewed from another direction, they 

are seen to vary in distance from Earth and 

create a different pattern.

Red supergiant 

Antares marks the 

heart of Scorpius 

Dubhe, the star farthest 

from Earth in the Big Dipper, 

is 125 light-years away



GIANT SCAR
The Valles Marineris—a 
complex system of canyons 
more than 2,500 miles  
(4,000 km) long and averaging  
5 miles (8 km) deep—cuts 
across Mars. It formed as  
Mars’s surface moved and split 
when the planet was young.



The solar system
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Uranus

The Sun and the large family of objects that orbit around it 
are known as the solar system. The Sun is the biggest of 
these bodies—next in size are eight planets. Closest to the 
Sun are the rock and metal worlds of Mercury, Venus, Earth, 
and Mars. More distant are four giant-sized planets with 
deep atmospheres of gas—Jupiter, Saturn, Uranus, and 
Neptune. These are outnumbered by trillions of small 
bodies: dwarf planets, moons, asteroids, comets, and  
Kuiper Belt objects.

THE SUN’S FAMILY

1

1  THE SUN
The center of the solar system is occupied by the Sun. This enormous object 
is a star—a huge glowing ball of mainly hydrogen gas powered by nuclear 
reactions in its core. The Sun is made up of 99 percent of all the system’s 
material. The star’s huge size creates a powerful gravitational force that holds 
all the other family members in orbit around it. The Sun and its family formed 
about 4.6 billion years ago from a vast spinning cloud of gas and dust. 
Material pulled into the center formed the Sun. Some material settled into  
a disk around the Sun in which the planets formed over millions of years. 

2  MERCURY 
At 3,029 miles (4,875 km) across, Mercury is less than half Earth’s size and the 
smallest planet. It is also the closest to the Sun and takes the least time to 
orbit the Sun—it takes just 88 days to complete one circuit.  
Mercury’s surface is gray, dry, and covered with impact 
craters. The planet is named after the swift-footed 
messenger to the Roman gods.

3  VENUS 
Even though Venus is not the closest planet to the Sun, it is the hottest.  
A dense atmosphere of carbon dioxide around Venus traps the Sun’s 
heat, which warms up the planet’s surface. Although Venus basks in  
the Sun’s rays, the thick sulphur-dioxide cloud cover means the Sun is 
invisible from the surface. Venus is also the slowest-spinning planet, 
turning around once on its axis every 243 days—longer than the time  
it takes to orbit the Sun.
 

4  EARTH 
Earth is the third farthest planet from the Sun. It has one moon, takes a 
year to complete an orbit around the Sun, and takes 23.9 hours to make 
one spin on its axis. Earth is the only planet known to have liquid water. 
The oceans that cover much of its surface are visible from space. Our 
planet is also the only place in the universe known to have life.
 

5  MARS 
Beyond Earth is Mars. It is about one and a half times farther from the 
Sun than Earth and about half our planet’s size. It orbits the Sun in  
687 days and spins round once every 24.6 hours. Mars has a very 
thin carbon-dioxide atmosphere, and its cold, dry 
surface is clearly visible from space. Two small 
moons orbit around the planet.

2

3

4

9

7

6

Jupiter

Earth

Sun

Venus

Mercury

Asteroid Belt
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6  ASTEROID BELT 
Millions of asteroids orbit the Sun between Mars 
and Jupiter. Together, these small rocky bodies 
occupy a doughnut-shaped region of space 
known as the Asteroid Belt or Main Belt. Each 
asteroid follows its own path around the Sun 
and takes four to five years to complete one  
orbit. Most are irregular in shape and less than  
18.6 miles (30 km) across. Asteroids are unused 
material from when the planets formed. 

7  JUPITER 
The second biggest object in the solar system, 
Jupiter is also the largest planet—11 Earths 
would fit across its face. The fifth planet from the 
Sun, Jupiter is the innermost of the giant planets. 
It is the fastest-spinning planet, taking just under 
ten hours to make one spin. It takes 11.9 years to 
complete one orbit around the Sun. 

8  SATURN 
A complex system of rings around Saturn makes 
it one of the most easily recognizable planets. It 
is the second largest planet and sixth in distance 
from the Sun. The time taken for a planet to  
orbit the Sun increases with distance—Saturn 
takes 29.5 years. Its orbit, like those of the other 
seven planets, is elliptical (a stretched circle). 
Like the other planets, it travels anticlockwise 
around the Sun.

9  URANUS 
The planet Uranus appears to roll along its orbit 
around the Sun. The planet is tilted over by 98° 
and, although its rings and moons circle its 
equator, when we look at the planet they seem 
to go around from top to bottom. Uranus is 
twice as far away from the Sun as Saturn and 
takes 84 years to complete one orbit.

10  NEPTUNE 
The most distant planet of all and the one that 
takes longest to orbit the Sun is Neptune. On 
average, this deep-blue world is 2.8 billion miles 
(4.5 billion km) from the Sun and it takes  
164.9 years to complete one circuit. As Neptune 
travels along its orbit, it completes one rotation 
on its axis in just over 16 hours. Named after  
the Roman god of the seas, Neptune is  
also the coldest planet.

11  KUIPER BELT 
A region of mainly icy objects known as the 
Kuiper Belt extends out from beyond Neptune’s 
orbit. The largest members of the belt are dwarf 
planets, and include Eris and Pluto. The other 
members are known as Kuiper Belt objects. 
Beyond the belt is the Oort Cloud, a vast sphere 
made up of more than a trillion comets.

5

8

10

11

Saturn

Kuiper Belt objects

Mars

Neptune
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Mercury, Venus, Earth, and Mars  
are the smallest planets and the four 
closest to the Sun. Together, they are 
known as the terrestrial or rocky 
planets. Yet, the description “rocky” 
is misleading because the planets 
are a mix of mainly rock and metal. 
The four formed at the same time 
and from the same material, but 
they are very different worlds today. 
Earth has liquid water and life, 
Venus’s volcanic surface is hidden  
by clouds, red Mars has ice-cold 
deserts, and Mercury has an ancient, 
cratered surface.

ROCKY 
PLANETS

3  VENUS’S ATMOSPHERE
A thick and unbroken layer of clouds 
surrounds Venus. The clouds are 
made of sulphuric acid droplets 
and hang within a carbon-
dioxide rich atmosphere.  
The atmosphere traps in heat,  
like glass in a greenhouse.  
The surface temperature  
is constantly about 867°F 
(464°C); it hardly varies from 
day to night, and no matter 
where you are on the planet.   

4  VENUS’S SURFACE 
A little smaller than Earth, Venus is a gloomy place.  
Its surface is permanently overcast because most  
of the sunlight reaching the planet is reflected by 
its clouds. The planet is mainly low-lying plains 
made of volcanic lava that erupted onto the 
land hundreds of millions of years ago.   

1  PLANETARY INTERIORS
Inside the planets, their material is loosely 
divided into layers. When the planets were 
young, iron and nickel sank towards the 
center and their lighter rocks floated on top. 
Over time, the planets cooled and their metal 
cores either completely or partially solidified. 
Venus and Earth have similar interiors, and 
compared to the other three, Mercury is very 
rich in metals. 

2  MERCURY
The surface of gray, lifeless Mercury has hardly 
changed over the past three billion years. The 
planet is covered with impact craters formed 
by asteroids that smashed into it when it was 
young. Mercury is closest to the Sun, but the 
planet’s thin and temporary atmosphere can’t 
hang onto its daytime heat. Mercury has the 
greatest temperature range of all the planets: 
a scorching 806°F (430°C) in the day, but a 
super-cold -292°F (-180°C) at night.  

3

2

Mercury

Iron core

Solid rocky mantle

Silicate rock crust

1
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5  EARTH 
At 7,926 miles (12,756 km) across, our home planet  
is the largest of the rocky planets. Its thin, rocky crust 
supports a surface of vast oceans of water, continents 
of land, and two polar ice caps. The crust is broken 
into a number of moving plates. As these rub against 
each other, earthquakes occur, mountains form, and 
molten rock erupts to the surface. 

6  MARS
A cold world, more distant 

from the Sun than Earth, 
Mars is sometimes 
known as the “red 

planet.” Its coloring 
comes from the top layer 

of its surface soil, which 
contains rust (iron oxide). 
Huge frozen rocky desert 
regions, a vast system of 

canyons known as the 
Valles Marineris, and 

enormous volcanoes are 
found on its surface. Icy caps 

are found at both poles.

6

5

4

Silicate rock crust

MarsEarthVenus

Silicate rock 
mantle

Molten iron-nickel 
outer core

Solid silicate 
rock mantle

Probably solid, 
iron core

Silicate rock 
crust

Solid iron-nickel 
inner core

Rocky 
mantle

Solid iron-nickel 
inner core

Molten iron and 
nickel outer core

Silicate rock 
crust 

Venus’s surface 
has hundreds 
of volcanoes

A nitrogen-rich 
atmosphere 
hundreds of  
miles thick 
surrounds Earth
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, FORMATION OF THE MOON
It is thought that the Moon formed after a 
massive asteroid hit the young Earth about  
4.5 billion years ago. The Mars-sized asteroid 
gave Earth a glancing blow. Asteroid material 
and material expelled from Earth formed a 
massive cloud of gas, dust, and rock. Most of 
this eventually formed a doughnut-shaped ring 
around Earth. The pieces of ring material 
bumped and joined together as they orbited 
the planet until, finally, they produced one 
single, large body: the Moon.

When the planets were young, they were bombarded by asteroids—pieces of rocky 
material left over from the planet-making process. The asteroids formed craters: 
circular hollows that took shape as the impact of the asteroid blasted out surface 
material. Many millions of these craters are still intact. Earth suffered many 
impacts, but only a few craters remain because the planet’s surface has changed  
so much. One big impact with Earth is believed to have formed the Moon.

IMPACT!

BOMBARDED WORLDS .
An asteroid hits a planet at about  

20 miles (30 km) per second. 
Smashing into the surface rock, it 
forms a crater about 10–15 times 

wider than the asteroid. The impact 
breaks up the asteroid and pulverizes 

the surrounding surface rock, which is 
ejected in all directions. The most 

intense period of bombardment was 
about 3.5 billion years ago. Although 

the rate of impact has decreased, it 
hasn’t stopped. A 0.6-miles (1-km) wide 

or bigger asteroid hits Earth every 
750,000 years or so and smaller pieces 

of asteroid regularly make it through 
Earth’s atmosphere. Once they have 

landed on the planet’s surface, these 
rocks from space are called meteorites.
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Endurance Crater
427 ft (130 m)

Just beyond the crater, 
Opportunity came across the 
first meteorite to be discovered 
on another planet

, LUNAR CRATER
Daedalus Crater on the Moon is 58 miles 
(93 km) wide. Like other craters on  
the Moon that measure greater than 
about 6 miles (10 km) across, it has 
mountainous peaks at its centre. These 
formed as the land struck by the asteroid 
bounced back after the impact. At the 
same time, the crater’s edge was pushed 
out and formed a circle of hills. 

d CRATERED PLANET 
Mercury is the most cratered planet.  
Most of its many millions of craters 
formed more than 3.5 billion years ago. 
They remain because the planet has no 
geological activity or weather to erode 
them away. They range in size from  

just a few feet across to one larger 
than the state of Texas.

d ENDURANCE CRATER
There are tens of thousands of craters on Mars. Endurance 
Crater is 130 m (427 ft) wide and one of the best known. 
During 2004, the crater was photographed and examined 
by the rover Opportunity. Endurance is almost circular and 
bounded by a ring of rugged cliffs that slope down to the 
crater floor. Loose material and sand dunes cover the floor, 
making the crater shallower than when it formed.

u MANICOUAGAN CRATER 
About 170 craters are known on Earth. The fifth largest is Manicouagan 
in Canada. It measures 62 miles (100 km) across and has changed since 
its formation about 214 million years ago. Rock has been eroded from 
the site, and water has filled the lower-lying ground and formed the 
Manicouagan Reservoir.

, VICTORIA CRATER
Many of the craters on Mars show 
signs of past erosion by wind and 
water. The scallop-shaped edge of 
the Victoria Crater formed as the 
crater’s wall eroded and collapsed. 
Debris has filled the crater’s floor, 
which is 0.5 miles (800 m) across, 
and a field of sand dunes has 
formed in the center.
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, SHADOW ON THE EARTH
The dark smudge in the center of the 
picture is the shadow cast by the Moon 
on Earth during the total solar eclipse 
of August 11, 1999. At its widest, the 
shadow measured 135 miles (217 km) 
across, and it moved eastwards at 
about 1,056 mph (1,700 kph). Eclipses 
occur in the same place on average 
once every 375 years.  

. SOLAR ECLIPSE
There are about 75 total solar 
eclipses every 100 years. These 
occur when the Sun’s face is 
totally covered by the Moon. 
During this brief time, the Sun’s 
corona becomes visible. The 
maximum length of totality is 
7.6 minutes. The shadow cast 
by the Moon falls on Earth. 
Anyone within the inner 
shadow sees the total eclipse, 
while those in its outer part see 
the Sun’s disk only partially 
covered by the Moon—a  
partial eclipse. 

Brass sphere 
represents the Sun

The Sun and Moon are vastly different sizes, but they appear the 
same size in Earth’s sky. Even though the Moon is 400 times 
smaller than the Sun, it is also about 400 times closer. This 
means that, whenever the Moon passes directly in front of 
the Sun, it covers the Sun’s face. At totality, when the Sun’s 
face is completely covered, most of its sunlight is blocked 
from reaching Earth. At other times, the Moon passes into  
the Earth’s shadow and is eclipsed. 

ECLIPSES 
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u VIEWING AN ECLIPSE
A safe way to observe a solar eclipse is by 
projecting an image of the Sun onto a piece 
of card. The eclipse starts as the disk of the 
Moon begins to encroach on the face of the 
Sun. The Sun is progressively hidden until it 
is completely covered during totality—from 
first contact to totality takes about one hour. 
Only in the last few minutes before totality 
does the light dim significantly. 

u RINGS AND BEADS
At the beginning and end of totality, small 
portions of the solar disk can be glimpsed 

through valleys and depressions on the Moon. 
The effect from Earth is an apparent set of 

luminous beads strung around the dark Moon. 
For a second or two, the scene can be 

transformed into a huge, sparkling diamond 
ring as light floods through a gap.

. ECLIPSE MYTHS
Throughout history, many cultures have 

thought of solar eclipses as omens of 
disasters. Chinese people thought an 

invisible dragon was swallowing the Sun. By 
drumming and banging on pans, the 

dragon was frightened into regurgitating 
the Sun, and daylight was restored. 

, ORRERY
An orrery is a model used to demonstrate the 
movement of planetary bodies around the Sun.  

The one shown here, which is not to scale, indicates how both 
Earth and the Moon can cast shadows and how these can lead 
to eclipses. It also illustrates how the distance between Earth 
and the Sun varies during the year, and how the year divides 
into months as the Moon orbits Earth.

The papier-mâché Earth 
spins as it orbits the Sun

In Buddhist legend, Rahu is 
thought to cause eclipses by 

swallowing the Sun

The side of the 
Moon facing the 

Sun receives light

u RED MOON
Lunar eclipses occur about twice a year. They 

happen when the Sun, Earth, and Moon are 
aligned and the Moon passes through the 

shadow cast by Earth. For just over an hour, 
the Moon turns a dull red color as sunlight 

is scattered by molecules and dust in 
Earth’s upper atmosphere.
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Jupiter, Saturn, Uranus, and Neptune are giant-sized worlds  
that orbit the Sun far beyond Earth. They are ice-cold planets, 
each with a system of rings around it and a large family of 
moons. When we look at these giants, we see layers of 
clouds in a deep gas atmosphere that merges into liquid 
underneath. Jupiter and Saturn have been known of  
since ancient times, while Uranus and Neptune were 

discovered more recently by telescope.

GIANT PLANETS

JUPITER .
Huge Jupiter, the largest of all the solar system planets, is 
named after the king of the Roman gods and ruler of the 

heavens. It is also the most massive planet: It is made  
of 2.5 times the material of the other seven planets 

combined. However, its great size means its density is  
low—it is only 318 times the mass of Earth, yet 1,300 

Earths would fit inside it.

u SATURN
All four giants are oblate in shape  

and Saturn is the most oblate of all. This 
means that they are all wider round their 
equators than around the poles. Saturn is 

a fast spinner—it completes an entire 
rotation every 10.7 hours. As it spins, 
material is flung outward, giving the 

planet a bulging equator. Saturn is also 
the least dense planet: If placed in a vast 

ocean of water, it would float. 

GIANT STRUCTURE .
Jupiter and Saturn are made mainly of 

hydrogen and helium, with small 
amounts of other elements. Within 

their atmospheres this material is in 
the form of gas. Underneath, the 

material’s density and temperature 
alter with depth, and the physical 

state of the material changes. Below 
Jupiter’s gas atmosphere, its hydrogen 

becomes more like a liquid. Deeper 
still, it is like a molten metal. 

Gaseous hydrogen and 
helium atmosphere

Inner layer of 
metallic hydrogen

Core of rock, 
metal, and 
hydrogen 
compounds

Outer layer of 
liquid hydrogen 
and helium
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, URANUS
At four times the size of Earth, Uranus 
is the third-largest planet. Like the 
other giants, it doesn’t have a solid 
surface. Layers of methane ice cloud 
in its hydrogen-rich atmosphere form 

its visible surface. Methane gas 
within the atmosphere absorbs the 

red wavelengths in sunlight, making 
the planet appear blue. Beneath its 

atmosphere is a layer of water, methane, 
and ammonia. At its heart is a core of rock.  

HERSCHEL .
On March 13, 1781, astronomer 

William Herschel was looking at the 
night sky when he observed something 

that he at first took to be a comet. It was 
the planet Uranus. The six planets from 

Mercury to Saturn had been known of 
since the first humans studied the 
sky. Uranus was the first planet 

to actually be discovered,  
and its distance from the  

Sun doubled the size  
of the known solar  
system overnight.

, GALLE
Neptune was discovered by Johann Galle  
on September 23, 1846 after its location in  
the sky had been predicted. Astronomers 
observing Uranus saw that it was not moving 
exactly as expected along its orbit. They 
thought a more distant planet was disturbing 
it. The postion of this possible planet was 

calculated and on the first night of his 
search Galle discovered Neptune.

d NEPTUNE
Neptune orbits the Sun about 30 times 
more distant than Earth. Anyone so far 
from the Sun would see it appear 900 
times dimmer than on Earth. They would 
also miss the Sun’s heat—Neptune’s 
cloud-top temperature is an icy -320°F 
(-200°C). Neptune is similar in size and 
internal structure to Uranus, and its blue 
coloring is also the result of methane 
absorbing red light. 
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All four giant planets are stormy places. 
Their upper atmospheres blow around  
in bands parallel to their equators. 
Here gas is channeled around the 
planets at high speed, and clouds  
and storms take shape. The storms on 
colorful Jupiter are easy to see. These 
white and dark spots stand out against 
the planet’s banded upper atmosphere. 
Those of Saturn, Uranus, and Neptune 
are not so obvious. Their visible 
surfaces may look calm, but fierce 
winds and storms rage on them, too. 

STORMY 
WEATHER

3  DRAGON STORM 
A giant thunderstorm glows pale 
orange in this false-color image of 
Saturn. Named the Dragon Storm, it 
raged in a region nicknamed Storm 
Alley, because of its many storms 
witnessed during 2004. Saturn’s 
atmosphere is full of storms and winds, 
but Storm Alley, located in the planet’s 
southern hemisphere, is unusual. It is 
one of the few places on Saturn where 
the winds blow to the west.

2

1

3

1  GREAT RED SPOT
Jupiter’s storms are huge. The smallest are the 
size of the largest hurricanes on Earth, while the 
biggest, the Great Red Spot, is bigger than Earth 
itself. It rotates anticlockwise every six to seven 
days. Unlike the smaller storms, which last only 
days, the Great Red Spot has been seen for more 
than 300 years. A smaller version, called Red Spot 
Jnr., emerged close by in 2000.  

2  BANDED APPEARANCE
Jupiter’s upper atmosphere is shown here 
unfurled to reveal the bands that surround  
the planet. The white bands are cool rising gas 
and are known as zones. The red-brown bands  
are warmer gas and are known as belts. The 
atmosphere is mainly hydrogen with helium, but 
it is other chemical compounds that provide the 
color as they form clouds at different altitudes. 
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4  GREAT DARK SPOT
When Voyager 2 flew by Neptune in 1989, 
it revealed a huge, dark storm in the 
planet’s southern hemisphere. Known as 
the Great Dark Spot and about the size of 
Earth, the storm was accompanied by 
bright high-altitude clouds. Winds near 
the storm blew at up to 1,500 mph  
(2,400 kph), the strongest in the  
solar system. By 1994, the storm had 
disappeared, but another, the Northern 
Great Dark Spot, had appeared in 
Neptune’s northern hemisphere. 

5  CLOUDS OF URANUS
By looking at Uranus in infrared light, we 
peer through the haze that surrounds the 
planet and makes it look featureless, and 
see the clouds below. The highest clouds 
appear white, the middle-level ones are 
bright blue, and the lowest clouds are 
dark blue. The clouds are thought to 
change with Uranus’s extreme seasons. 
Due to its tilt, each of Uranus’s poles 
points to the Sun for 21 years at a time.

6  SATURN’S AURORAE 
Electric blue lights dance near Saturn’s 
South Pole. The light display is an 
aurora—a phenomenon regularly 
witnessed in Earth’s polar regions. Unlike 
Earth’s aurorae, which last for minutes or 
hours and are seen in visible light, those 
on Saturn can last several days and are 
only visible in the ultraviolet. The aurorae 
are triggered by particles from the Sun, 
known as the solar wind, interacting  
with the planet’s upper atmosphere.

4

5

6
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Uranus’s orbit

Billions of miles away from the Sun, in the dark outer region of the 
solar system, are trillions of ice-cold worlds. Much smaller than 
the planets, the largest objects in this region are 
the dwarf planets Eris and 
Pluto, which orbit among the 
Kuiper Belt objects. We know 
little about any of these 
worlds. The first spacecraft to 
explore this region will be New 
Horizons when it arrives in 2015. 
More distant and more numerous 
are the smaller comets that make up 
the Oort Cloud.

BEYOND NEPTUNE

1  KUIPER BELT
The Kuiper Belt is a flattened ring-shaped region of 
space occupied by mainly irregular-shaped bodies made 
of ice and rock. The first Kuiper Belt object was discovered 
in 1992. So far, about a thousand have been identified, but 
tens of thousands more are believed to exist. The larger 
members of the belt are classified as dwarf planets. The belt 
also contains some comets. 

2  ERIS
The discovery of Eris in 2005 shook up astronomers’ thinking about 
the outer part of the solar system. It was found to be larger than 
Pluto, which was then thought of as the ninth planet. It was decided 
to introduce a new class of object: the dwarf planet—an almost 
round body that orbits the Sun in the neighborhood of other 
orbiting bodies. Eris takes 560 years to complete its orbit and has 
one moon, Dysnomia.  

3  MAKEMAKE 
AND HAUMEA

Red-colored Makemake and the 
egg-shaped Haumea are the third- and 

fourth-largest dwarf planets. The two are also known 
as plutoids. The term plutoids was introduced in 2008 and is 

used for the dwarf planets in the Kuiper Belt. In this way, they are 
distinguished from dwarf planets that exist outside the Kuiper Belt.  

Just one is known at present, the largest asteroid, Ceres.   

1

2

3

Neptune’s orbit

Pluto’s orbit

Kuiper Belt
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Kuiper Belt

Comet orbit
Oort Cloud

4  PLUTO
Pluto was classed as a planet from its discovery in 1930 until 2006. 
It is 1,432 miles (2,304 km) across and has a surface temperature of 
about -380°F (-230°C). Pluto has three moons. The largest, Charon, 
has been known of since 1978. Hydra and Nix were discovered in 
2005 in images taken by the Hubble Space Telescope. 

4

5

6

6  OORT CLOUD
Surrounding the disk-shaped planetary part of 
the solar system is the Oort Cloud, a vast 
sphere of comets. They are the leftover 
material from when the planets formed.  
The comets don’t orbit in the same plane 
as the planets and follow elongated paths 
around the Sun. The outer edge of the 
cloud is about 1.6 light-years away, 
nearly halfway to the nearest stars. 
Occasionally, comets leave the cloud  
and move into the inner solar system. 

5  GERARD KUIPER
The Kuiper Belt is named after Dutch-
American astronomer Gerard Kuiper. In 
1951, he suggested that those comets 
that make repeat journeys through the 
solar system at regular intervals started off 
from a region of rock and ice bodies just 
beyond Neptune. Kuiper also discovered 

two planetary moons—Uranus’s 
Miranda and Neptune’s Nereid.  
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Six of the solar system planets share more than 160 moons between them. Earth has just one,  
the Moon, but Jupiter and Saturn have more than 60 each. The moons vary greatly in size and in 
distance from their planet; each one follows its own orbit. The moons are made of mainly rock,  
or of mainly rock and ice. The largest is Ganymede. Another 18 are more than 250 miles (400 km) 
wide. All of these are roughly spherical in shape, but the more numerous, 
smaller moons are irregular.

MOONS

1  The Moon Earth’s 
Moon is about a quarter 
of the Earth’s size and the 
fifth largest of all the 
moons. It is a lifeless ball 
of mainly rock that orbits 
Earth every 27.3 days.  
Its surface is covered by 
craters, many of which 
were flooded by volcanic 
lava more than three 
billion years ago.

2  Phobos Mars has two 
moons. The largest is 
Phobos, a potato-shaped 
rocky body that measures 
16.6 miles (26.8 km) long 
and orbits Mars in just 
over 7.6 hours. Along with 
Deimos, it is thought to 
be an asteroid that was 
captured into orbit 
around Mars early in  
the planet’s history.

1

3  Callisto Callisto is 
one of the four Galilean 
moons; they are named 
after the astronomer 
Galileo Galilei who 
discovered them. The 
others are Ganymede, 
Europa, and Io. White 
patches on Callisto’s 
surface are the icy floors 
of its impact craters, 
which were formed 
when asteroids collided 
into the moon.

4  Ganymede The 
largest moon of Jupiter, 
Ganymede is also the 
biggest moon in the 
solar system. It is larger 
than Mercury and about 
three-quarters the size 
of Mars. It is a rock and 
ice world that measures 
3,267 miles (5,262 km) 
across and orbits the 
planet in just over  
seven days.

5  Europa Europa is the 
smallest of Jupiter’s 
Galilean moons, with a 
diameter that measures 
1,939 miles (3,122 km) 
across. Its ice-covered 
surface is one of the 
smoothest in the solar 
system and it is streaked  
with dark lines where  
fresh ice has erupted  
into surface cracks.

6  Io Highly 
colored Io is just  
a little larger than 
Earth’s Moon. It 
orbits Jupiter every 
1.7 days at a distance 
only slightly greater 
than the Moon is from 
Earth. Io is unlike the other 
Galilean moons and any  
other planetary moon.  
Its surface has active 
volcanoes and is covered 
by lava flows.

5

4

3

Deimos

MARS
JUPITER

EARTH
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d ORIGINS
Most of the large moons are believed to have formed from 
material unused in the planet-making process, and at about 
the same time as their planet. Unusually, the Moon is made 
largely of material knocked out of Earth when an asteroid 
collided with the planet. The largest moons are worlds in 

their own right with surfaces that have changed due to 
forces such as volcanism. Many of the smaller ones,
including Mars’s two moons, Phobos and Deimos,  
were originally asteroids. 

Miranda

Nereid

7  Titan The only moon with a 
substantial atmosphere is Titan, 
Saturn’s largest moon. The 
atmosphere is rich in nitrogen and 
is colored orange due to a layer  
of smoglike haze in the upper 
atmosphere. Methane clouds 
nearer the surface rain methane 
onto its landscape of bright 
highlands, dark plains, and 
methane lakes. 

8  Titania All 27 moons orbiting 
Uranus are named after characters  
in English literature. At 981 miles 
(1,578 km) across, Titania is the 
largest; it is just a little less than half 
the size of Earth’s Moon. Its gray, icy 
surface has impact craters, large 
cracks, and smooth regions.

9  Umbriel Umbriel is an icy world 
covered in impact craters. Its largest 
crater is Wokolo, which measures  
130 miles (208 km) across, and is 
about one-sixth of Umbriel’s width. 
Umbriel orbits Uranus every 4.1 days, 
the same time it takes to spin on its 
axis, so it always keeps the same side 
facing the planet.

10  Triton Neptune’s only 
large moon is Triton, a rock 
and ice world with a young 
icy surface. It is a little 
closer to Neptune than  
the Moon is to Earth, and 
orbits the planet every six 
days. The other 12 moons 
that orbit Neptune are all 
much smaller: Six are 
nearer the planet, and six 
are farther away. 

11  Proteus Proteus is 
Neptune’s second-largest 
moon. It measures 273 
miles (440 km) across, is 
roughly spherical in shape, 
and has a surface covered 
with impact craters.  
It orbits Neptune in just 
under 27 hours. Next  
in size after Proteus is  
Nereid, which is 211 miles 
(340 km) across. 

7

8

9

10

Ariel

Puck

Oberon

Enceladus

Mimas

Tethys

Dione

Rhea

Iapetus

Phoebe

SATURN
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Meteorites are pieces of spacerock that have 
traveled through Earth’s atmosphere and landed  
on its surface. About 3,000 meteorites weighing 
more than 2 lb (1 kg) each land on Earth every year. 
Most fall into the oceans and are never found. 
Those that fall on the land can be found by 
chance or as part of an organized search. Most 
meteorites are pieces of asteroid.

METEORITES

, STONY-IRON METEORITE
Meteorites made up of roughly 
equal amounts of nickel-iron 
and silicate rock are classified 
as stony-irons. They are the 

rarest group and make up a 
very small percentage of the 

weight of all known meteorites.

u MARTIAN 
ORIGIN

More than 30 of the 
meteorites found on 

Earth traveled here from 
Mars. These chunks of 

Martian rock were blasted 
off the planet when 

asteroids hit it. We know 
they come from Mars 

because they contain small 
amounts of gas that are  

similar to those found in the 
Martian atmosphere. 

STONY METEORITE u
More than 30,000 meteorites have been collected 

and catalogued. They are classified according to 
three main types: stony, stony-iron, and iron.  

The stony meteorites are composed mostly of 
silicate rock and are the most common. 

IRON METEORITE u
Iron meteorites consist of mainly iron and 
nickel and are the second most common 

type. They are usually bigger than the 
stony or stony-iron meteorites because 

they lose less material as they travel 
through Earth’s atmosphere.

, NAMING METEORITES 
Meteorites are named after the place 
where they fell or are found. The 
Sikhote Alin is one of a number that 
bear this name. The fragments are the 
remains of an iron asteroid that broke 
up in Earth’s atmosphere and fell as a 
shower in the Sikhote Alin mountain 
range of Siberia on February 12, 1947. 
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. FALLS AND FINDS
Some meteorites are seen to fall to 
Earth and these are referred to as 
“falls.” Most, however, arrive 
unnoticed and when these 
are discovered they are 
called “finds.” This iron 
meteorite is one of 
many called Gibeon 
that have been 
found in a region near 
the town of Gibeon in 
Namibia since the 1830s.

METEORITE SHOWER u
The stony Nakhla meteorite 

originated on Mars. It was seen 
to land in Egypt on June 28, 1911 

as part of a shower of stones—the 
result of one large body breaking up 

in Earth’s atmosphere. Some 40 
meteorites ranging in size from 0.04 lbs 

(20 g) to 4 lbs (1.8 kg) were collected.

, LARGEST METEORITE 
The Hoba West is the largest known 

meteorite. It remains at the spot where it  
landed in Namibia, where it is a tourist attraction.  

It was found by chance in 1920 and then weighed 66 tons. 
Today, it weighs about 6 tons less due to the loss of material 
that has rusted away. It measures approximately 9.8 ft (3 m)  
by 9.8 ft (3 m) by 3.3 ft (1 m).  

u LUNAR METEORITE
More than 60 meteorites found so far 
on Earth originated on the Moon. This 
one was found in Antarctica, where 
dark meteorites are easy to spot 
on the virtually rock-free white 
landscape. It was found in 
1981 and was the first 
meteorite to be  
identified as coming 
from the Moon.

METEOR d
Tiny fragments of 

asteroid or comet that travel 
through Earth’s atmosphere can 

produce meteors. These are short-lived 
trails of light seen in Earth’s night sky. The 

fragment produces a trail of excited atoms 
which in turn produce light. The meteors 

last for less than a second and are 
popularly known as shooting stars.

CHANGING SURFACE d
When a meteorite travels through 

Earth’s atmosphere, friction causes its 
surface to heat up. Inside it stays cool, 
but its surface melts and much of it is 
boiled away, leaving behind a bright 

trail of gas and dust. This stony-iron  
is one of a number found in  

Brahin, Belarus, since the  
early 1800s. 



EYE IN THE SKY
The Hubble Space Telescope 
peers away from Earth and 
into the universe as it orbits 
our planet. The first optical 
telescope to work from orbit, 
Hubble has been observing 
space objects since 1990.



Exploration
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ey
 s

lo
w

 d
ow

n.
 T

he
 m

ai
n 

so
ur

ce
 in

 th
e 

Cr
ab

 N
eb

ul
a 
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 in
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s 

ce
nt

ra
l r

eg
io

n,
 w

hi
ch

  
is

 s
tr

on
gl

y 
aff

ec
te

d 
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 th
e 

pu
ls
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, i
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 s
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r w
in

d,
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nd
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s 
m

ag
ne

tic
 fi

el
d.

 T
hi

s 
X-

ra
y 
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ho

w
s 

rin
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f m

at
er

ia
l  

th
at
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av

e 
be

en
 h
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te

d 
up
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nd
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w
n 

ou
t b

y 
th

e 
st

ar
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Th
e 
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tiv

ity
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cc
up

ie
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ne

r p
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t o
f t

he
 n

eb
ul

a 
an

d 
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 a

bo
ut
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ne

 li
gh

t-
ye

ar
 a
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os

s. 
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 IN

FR
A

RE
D

Th
is

 v
ie

w
 o

f t
he

 C
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b 
N

eb
ul

a 
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m
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ne
s 

im
ag

es
 ta

ke
n 

by
 

th
e 

Sp
itz

er
 S

pa
ce

 Te
le

sc
op

e 
at

 w
av

el
en

gt
hs

 o
f 3

.6
, 8

.0
, a

nd
 

24
 m

ic
ro

ns
, a

ll 
of

 w
hi

ch
 fa

ll 
w

ith
in

 th
e 

in
fr

ar
ed

 p
ar

t o
f t

he
 

el
ec

tr
om

ag
en

tic
 s

pe
ct

um
. D

iff
er

en
t w

av
el

en
gt

hs
, e

ve
n 

w
he

n 
w

ith
in

 o
ne
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pe

 o
f r

ad
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tio
n,
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ft

en
 re

ve
al

 a
n 

al
te

rn
at

iv
e 

vi
ew

. T
he

 b
lu

e 
re

gi
on

 (3
.6

 m
ic

ro
ns

) r
ev

ea
ls

 th
e 

cl
ou

d 
of

 e
le

ct
ro

ns
 tr

ap
pe

d 
w

ith
in

 th
e 

st
ar

’s 
m

ag
ne

tic
 fi

el
d.

 
Th

e 
re

gi
on

s 
co

lo
re

d 
ye

llo
w

-r
ed

 (8
.0

 a
nd

 2
4 

m
ic

ro
ns

) a
re

 
th

e 
fil

am
en

ts
 th

at
 a

re
 w

e 
ca

n 
se

e 
in

 v
is

ib
le

 li
gh

t. 

,
 R

A
D

IO
 W

AV
ES

 
Th

e 
Cr

ab
 N

eb
ul

a’s
 ra

di
o 

w
av

es
 c

om
e 

fr
om

 e
le

ct
ro

ns
 w

hi
ch

 
ar

e 
lo

si
ng

 e
ne

rg
y 

as
 th

ey
 s

pi
ra

l a
ro

un
d 

th
e 

co
m

pl
ex

 o
f 

m
ag

ne
tic

-fi
el

d 
lin

es
 s

ur
ro

un
di

ng
 th

e 
pu

ls
ar

. T
hi

s 
is

 th
e 

sy
nc

hr
ot

ro
n 

pr
oc

es
s 

of
 p

ro
du

ci
ng

 ra
di

at
io

n.
 T

he
 e

le
ct

ro
ns

 
ar

e 
pr

od
uc

ed
 b

y 
th

e 
co

lli
si

on
s 

be
tw

ee
n 

th
e 

el
em

en
ts

 in
 th

e 
ex

pa
nd

in
g 

ga
s. 

Fa
ls

e 
co

lo
rs

 s
ho

w
 th

e 
st

re
ng

th
 o

f t
he

 ra
di

o 
em

is
si

on
. R

ed
 is

 th
e 

m
os

t i
nt

en
se

, y
el

lo
w

 le
ss

 s
o,

 th
en

 g
re

en
 

an
d 

bl
ue

. T
he

 w
hi

te
 s

po
t a

t t
he

 c
en

te
r s

ho
w

s 
th

e 
ra

di
o 

pu
ls

es
 th

e 
pu

ls
ar

 e
m

its
 e

ve
ry

 s
ix

tie
th

 o
f a

 s
ec

on
d.

u
 E

LE
C

TR
O

M
A

G
N

ET
IC

 S
PE

C
TR

U
M

 
Th

e 
ra

di
at

io
n 

in
 th

e 
el

ec
tr

om
ag

ne
tic

 s
pe

ct
ru

m
 tr

av
el

s 
in

 
w

av
es

 o
f d

iff
er

in
g 

le
ng

th
s. 

Lo
ng

es
t a

re
 th

e 
ra

di
o 

w
av

es
, 

w
hi

ch
 a

re
 u

su
al

ly
 a

 m
et

er
 lo

ng
. I

nf
ra

re
d 

is
 in

 th
e 

1 
m

ic
ro

n 
(m
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ro

n 
= 

a 
m

ill
io

nt
h 

of
 a

 m
et

er
) t

o 
10

0 
m

ic
ro

n 
ra

ng
e.

 
Li

gh
t v

ar
ie

s 
fr

om
 v

io
le

t a
t a

ro
un

d 
40

0 
nm

 (n
an

om
et

er
 =

  
a 

bi
lli

on
th

 o
f a

 m
et

er
) t

o 
re

d 
at

 7
00

 n
m

. U
ltr

av
io

le
t i

s 
sm

al
le

r a
t a

ro
un

d 
10

0 
nm

, a
nd

 X
 ra

ys
 a

nd
 g

am
m

a 
ra

ys
  

ar
e 

sh
or

te
r s

til
l a

t a
ro

un
d 

1 
nm

 a
nd

 0
.0

1 
nm

.

,
 V

IS
IB

LE
 L

IG
H

T
A

n 
ov

al
-s

ha
pe

d,
 5

.5
 li

gh
t-

ye
ar

 w
id

e 
ne

tw
or

k 
of

 fi
la

m
en

ts
 

em
its

 v
is

ib
le

 li
gh

t i
n 

th
e 

Cr
ab

 N
eb

ul
a.

 T
he

se
 a

re
 a

ll 
th

at
 

re
m

ai
n 

of
 th

e 
or

ig
in

al
 s

ta
r’s

 o
ut

er
 la

ye
rs

 th
at

 w
er

e 
pu

sh
ed

 
off

 in
 th

e 
ex

pl
os

io
n.

 T
he

y 
co

ns
is

t o
f m

ai
nl

y 
hy

dr
og

en
 a

nd
 

he
liu

m
, b

ut
 c

ar
bo

n,
 o

xy
ge

n,
 n

itr
og

en
, i

ro
n,

 n
eo

n,
 a

nd
 

su
lp

hu
r a

re
 a

ls
o 

pr
es

en
t. 

Th
e 

fil
am

en
ts

 c
on

ta
in

 a
bo

ut
 

1,
30

0 
pa

rt
ic

le
s 
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r e

ve
ry

 c
ub

ic
 c

en
tim

et
er

, a
nd

 h
av

e 
a 

te
m

pe
ra

tu
re

 o
f u

p 
to

 3
2,

43
0 

°F
 (1

8,
00

0 
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). 
If 

vi
si

bl
e,

  
th

e 
pu

ls
ar

 w
ou

ld
 b

e 
a 

tin
y 

do
t i

n 
th

e 
ce

nt
re

. 



80

A
st

ro
no

m
er

s 
ar

e 
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ie
nt

is
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 w
ho

 s
tu

d
y 

th
e 

un
iv

er
se

.  
T

he
 fi

rs
t w

er
e 

in
te

re
st

ed
 o

nl
y 

in
 h

ow
 th

e 
ob

je
ct

s 
m

ov
ed

. 
To

d
ay

, a
st

ro
no

m
er

s 
co

nc
en

tr
at

e 
on

 w
ha

t t
he

 o
bj

ec
ts
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re

 
lik

e,
 a

s 
w

el
l a

s 
th

ei
r 

or
ig

in
 a

nd
 e

vo
lu

ti
on

. O
bj

ec
ts

 a
re

 
ob

se
rv

ed
 a

nd
 in

fo
rm

at
io

n 
co

lle
ct

ed
, a

nd
 u

si
ng

 s
ci

en
ce

 
an

d
 m

at
he

m
at

ic
s 

th
e 
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tr

on
om

er
 w

or
ks

 o
ut

 m
or

e 
ab

ou
t 

th
em

. M
os

t o
f a

n 
as

tr
on

om
er

’s
 ti

m
e 
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 s

pe
nt

 c
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la
ti

ng
, 

an
al

yz
in

g,
 a

nd
 in

te
rp

re
ti

ng
 th

e 
d

at
a.

 

A
ST

RO
N
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S

1
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RT
H

U
R 

ED
D
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G
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N

In
 th

e 
19

20
s, 

En
gl

is
h 
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tr

on
om

er
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rt
hu

r 
Ed

di
ng

to
n 

in
ve

st
ig

at
ed

 th
e 

in
te

rio
r o

f 
st

ar
s 

an
d 

re
al

iz
ed

 th
at

 th
ey

 re
m

ai
n 

st
ab

le
 

be
ca

us
e 

of
 th

e 
de

lic
at

e 
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la
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e 
be

tw
ee

n 
th

e 
pr

es
su

re
 e

xe
rt

ed
 b

y 
ra

di
at

io
n 

pu
sh

in
g 

ou
t a

nd
 th

e 
gr

av
ita

tio
na

l f
or

ce
 p

ul
lin

g 
in

. 
H

e 
al

so
 s

ho
w

ed
 th

at
 a

 s
ta

r’s
 e

ne
rg

y 
co

m
es

 
fr

om
 n

uc
le

ar
 re

ac
tio

ns
 d

ee
p 

in
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de
 it

.  

2
 C

EC
IL
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 P

AY
N

E-
G

A
PO
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H

K
IN

A
s 

a 
st

ud
en

t, 
Ce

ci
lia

 P
ay

ne
 w

as
 in

sp
ire

d 
to

 
be

co
m

e 
an

 a
st

ro
no

m
er

 a
ft

er
 a

tt
en

di
ng

 a
 

le
ct

ur
e 

by
 A

rt
hu

r E
dd

in
gt

on
. S

he
 b

ec
am

e 
th

e 
fir

st
 w

om
an

 p
ro

fe
ss

or
 o

f a
st

ro
no

m
y 

 
at

 H
ar

va
rd

 U
ni

ve
rs

ity
. I

n 
th

e 
19

20
s, 

sh
e 

di
sc

ov
er

ed
 th

at
 s

ta
rs

 a
re

 m
ad

e 
m

ai
nl
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of
 h

yd
ro

ge
n 

an
d 

he
liu

m
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1

2
3

4

5

6

3
 F

RE
D

 H
O

YL
E

Ca
m

br
id

ge
 U

ni
ve

rs
ity

 a
st

ro
no

m
er

 F
re

d 
H

oy
le

 is
 fa

m
ed

 fo
r d

is
co

ve
rin

g 
ho

w
 e

le
m

en
ts

 a
re

 p
ro

du
ce

d 
in

 th
e 

ce
nt

er
s 

of
 s

ta
rs

. H
oy

le
 w

as
 a

ls
o 

an
 e

m
in

en
t 

co
sm

ol
og

is
t—

an
 a

st
ro

no
m

er
 in

te
re

st
ed

 in
 h

ow
 th

e 
un

iv
er

se
 s

ta
rt

ed
, h

ow
 it

 
de

ve
lo

pe
d,

 a
nd

 w
ha

t i
ts

 fu
tu

re
 w

ill
 b

e.
 H

e 
in

ve
nt

ed
 th

e 
te

rm
 “b

ig
 b

an
g”

 in
 1

95
0,

 
al

th
ou

gh
 h

e 
di

dn
’t 

be
lie

ve
 in

 it
. H

oy
le

 w
as

 a
ls

o 
a 

gr
ea

t p
op

ul
ar

iz
er

 o
f a

st
ro

no
m

y 
an

d 
an

 a
cc

om
pl

is
he

d 
w

rit
er

 o
f s

ci
en

ce
 fi

ct
io

n.
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7
 E

U
G

EN
E 

SH
O

EM
A

K
ER

W
he

n 
a 

he
al

th
 p

ro
bl

em
 p

re
ve

nt
ed

 g
eo

lo
gi

st
 E

ug
en

e 
Sh

oe
m

ak
er

 
fr

om
 tr

av
el

in
g 

to
 th

e 
M

oo
n,

 h
e 

di
d 

th
e 

ne
xt

 b
es

t t
hi

ng
. H

e 
tr

ai
ne

d 
th

e 
A

po
llo

 a
st

ro
na

ut
s 

in
 g

eo
lo

gi
ca

l t
ec

hn
iq

ue
s 

to
 b

e 
us

ed
 o

n 
th

e 
M

oo
n’

s 
su

rf
ac

e.
 L

at
er

, h
e 

se
ar

ch
ed

 th
e 

sk
y 

fo
r a

st
er

oi
ds

, d
is

co
ve

rin
g 

Co
m

et
 S

ho
em

ak
er

-L
ev

y 
9 

in
 1

99
3.

 A
ft

er
 h

is
 d

ea
th

, h
is

 a
sh

es
 m

ad
e 

it 
to

 th
e 

M
oo

n 
ab

oa
rd

 th
e 

Lu
na

r P
ro

sp
ec

to
r s

pa
ce

cr
af

t. 

8
 V

ER
A

 R
U

B
IN

W
or

ki
ng

 a
t t

he
 C

ar
ne

gi
e 

In
st

itu
te

, W
as

hi
ng

to
n,

  
Ve

ra
 R

ub
in

 s
tu

di
ed

 g
al

ax
ie

s. 
Sh

e 
w

as
 p

ar
tic

ul
ar

ly
 

in
te

re
st

ed
 in

 th
e 

or
bi

ta
l m

ot
io

n 
of

 s
ta

rs
 a

ro
un

d 
th

e 
ce

nt
er

s 
of

 g
al

ax
ie

s. 
Sh

e 
fo

un
d 

th
at

 th
e 

st
ar

s 
m

ov
e 

as
 

if 
th

e 
ga

la
xy

 c
on

ta
in

s 
m

an
y 

tim
es

 m
or

e 
m

at
er

ia
l t

ha
n 

th
at

 in
 it

s 
st

ar
s. 

In
 1

98
3,

 R
ub

in
 c

on
cl

ud
ed

 th
at

 a
bo

ut
 

90
 p

er
ce

nt
 o

f t
he

 m
at

er
ia

l i
n 

th
e 

ga
la

xi
es

 s
he

 h
ad

 
be

en
 s

tu
dy

in
g 

w
as

 in
 th

e 
fo

rm
 o

f d
ar

k 
m

at
te

r. 

9
 R

IC
C

A
RD

O
 G

IA
CC

O
N

I
Aw

ar
de

d 
th

e 
N

ob
el

 P
riz

e 
fo

r P
hy

si
cs

 in
 2

00
2,

 R
ic

ca
rd

o 
G

ia
cc

on
i 

ha
s 

be
en

 th
e 

di
re

ct
or

 o
f b

ot
h 

th
e 

Sp
ac

e 
Te

le
sc

op
e 

Sc
ie

nc
e 

In
st

itu
te

, w
hi

ch
 c

on
tr

ol
s 

th
e 

us
e 

of
 th

e 
H

ub
bl

e 
Sp

ac
e 

Te
le

sc
op

e,
 

an
d 

of
 th

e 
Eu

ro
pe

an
 S

ou
th

er
n 

O
bs

er
va

to
ry

. H
e 

ha
s 

de
vi

se
d 

in
st

ru
m

en
ts

 fo
r d

et
ec

tin
g 

X 
ra

ys
 e

m
itt

ed
 b

y 
st

ar
s 

an
d 

fit
te

d 
th

es
e 

in
st

ru
m

en
ts

 to
 a

 ra
ng

e 
of

 s
pa

ce
cr

af
t, 

in
cl

ud
in

g 
th

e 
Ch

an
dr

a 
X-

ra
y 

O
bs

er
va

to
ry

.

1
0

 J
A

N
 O

O
RT

M
os

t o
f t

hi
s 

D
ut

ch
 a

st
ro

no
m

er
’s 

w
or

ki
ng

 li
fe

 w
as

 s
pe

nt
 

as
 th

e 
di

re
ct

or
 o

f t
he

 L
ei

de
n 

O
bs

er
va

to
ry

, i
n 

th
e 

N
et

he
rla

nd
s. 

In
 1

92
7,

 w
he

n 
he

 w
as

 s
til

l a
 y

ou
ng

 m
an

,  
he

 c
on

fir
m

ed
 th

at
 th

e 
M

ilk
y 

W
ay

 G
al

ax
y 

ro
ta

te
s. 

In
 th

e 
19

40
s, 

O
or

t w
as

 o
ne

 o
f t

he
 fi

rs
t t

o 
re

al
iz

e 
th

e 
po

te
nt

ia
l  

of
 ra

di
o 

as
tr

on
om

y.
 H

is
 n

am
e 

liv
es

 o
n 

in
 th

e 
O

or
t C

lo
ud

, 
th

e 
hu

ge
 c

lo
ud

 o
f c

om
et

s 
th

at
 h

e 
su

gg
es

te
d 

su
rr

ou
nd

s 
th

e 
so

la
r s

ys
te

m
.  

6
 E

D
W

IN
 H

U
B

B
LE

D
is

co
ve

rie
s 

m
ad

e 
by

 E
dw

in
 H

ub
bl

e 
in

 th
e 

19
20

s 
ch

an
ge

d 
ou

r i
de

as
 

on
 th

e 
un

iv
er

se
. W

hi
le

 u
si

ng
 th

e 
H

oo
ke

r t
el

es
co

pe
 a

t M
ou

nt
 W

ils
on

 
O

bs
er

va
to

ry
, C

al
ifo

rn
ia

, H
ub

bl
e 

di
sc

ov
er

ed
 th

at
 th

e 
un

iv
er

se
 

co
nt

ai
ns

 g
al

ax
ie

s 
be

yo
nd

 th
e 

M
ilk

y 
W

ay
. H

is
 s

tu
di

es
 o

f t
he

 s
tr

uc
tu

re
 

of
 g

al
ax

ie
s 

le
d 

hi
m

 to
 c

la
ss

ify
 th

em
 a

cc
or

di
ng

 to
 s

ha
pe

. I
n 

19
29

, 
H

ub
bl

e 
re

al
iz

ed
 th

at
 g

al
ax

ie
s 

ar
e 

m
ov

in
g 

aw
ay

 a
nd

 th
e 

un
iv

er
se

  
is

 e
xp

an
di

ng
. T

he
 H

ub
bl

e 
Sp

ac
e 

Te
le

sc
op

e 
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 n
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ed
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ft
er
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.
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0

4
 F

RE
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 W
H
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PL

E
A

n 
ex

pe
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 o
n 

th
e 

m
in

or
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ie
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e 
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m
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Fr

ed
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hi
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le
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as
 th

e 
di

re
ct

or
 o

f t
he
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m

ith
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ni
an

 
A

st
ro
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ys
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bs

er
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. I
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, h

e 
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te
d 
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at
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e 
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s 
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 c
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 d

irt
y 
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ll—

a 
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in
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ng
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al
l o

f w
at

er
 s

no
w
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y 
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st
. H

e 
al
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 e

xp
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ed
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ow

 c
om
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s 
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d 
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od
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e 
m

et
eo

r s
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w
er
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an
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Astronomers have been using telescopes  
to explore the Universe for 400 years. 
Telescopes magnify distant objects and 
let astronomers see them more clearly. 
The first collected only visible light, 
but since the middle of the 1900s, 
telescopes have collected a range 
of wavelengths. Those based on 
Earth collect optical, radio, and 
infrared waves. They collect 
the wavelengths and then 
focus them to form an 
image of the object  
under study.

TELESCOPES

4

1  MAIN 
MIRROR
A key part of an 
optical telescope is its 
main mirror. This collects 
the light, and the bigger 
the mirror is, the more the 
astronomer sees. The 33-ft 
(10-m) wide mirror of the Keck II 
telescope is constructed from  
36 hexagonal segments. If made  
in one piece, the mirror would have 
sagged under its own weight. Each of 
the segments is computer controlled 
and adjusted twice a second to counteract 
distortions due to gravity. 

2  KECK II
The main mirror of the Keck II telescope is visible 
below the telescope’s open metal structure. Keck II 
and its neighbor Keck I are two of the world’s largest 
optical telescopes. They are located on Mauna Kea in 
Hawaii and work independently or together. Both  
use adaptive optics, a system that compensates for 
atmospheric blurring and sharpens the image. 

2

3

1
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3  SALT
The South African Large Telescope (SALT) is the largest optical 
telescope in the southern hemisphere. Its 30.2-ft (9.2-m) main 
mirror consists of 91 mirrors. SALT specializes in spectroscopic 

observations. A spectrograph, which splits starlight into its 
spectrum, is attached to the telescope. By studying the 
spectrum, astronomers work out properties of the star, 

such as its temperature and chemical composition.  

4  JAMES CLERK MAXWELL
Protected by a wind screen and inside its drum-
shaped dome at the Mauna Kea Observatory is 

the James Clerk Maxwell Telescope (JCMT). 
Named after the Scottish physicist, it is the 

largest submillimeter telescope on Earth. 
Submillimeter wavelengths are those 

between the far-infrared and the 
microwave. The Caltech Submillimeter 

Observatory telescope is nearby.

5  VLT 
The Very Large Telescope (VLT) 

in Chile consists of four 
telescopes, each with a 

main mirror 26.9 ft  
(8.2 m) wide. The 

telescopes usually 
work individually, 
but can also work 

together or in 
groups of two or 

three. The light 
beams from the 

individual telescopes 
are combined using a 

complex system of 
mirrors in underground 

tunnels. The technique of 
bringing the wavelengths 

together like this is  
called interferometry.

6  ARECIBO
The inner surfaces of dish-shaped radio, 

submillimeter, and infrared telescopes 
collect and reflect their respective 

wavelengths. The world’s largest single-dish 
radio telescope is at Arecibo in Puerto Rico. The 

dish is 1,000 ft (305 m) across and the radio waves 
it collects are focused at a receiver hanging above.  

7  ALMA
This 39-ft (12-m) dish located in Chile’s high-altitude 

Atacama Desert is a part of the Atacama Large Millimeter 
Array (ALMA). On its completion, ALMA will consist of about 

50 such telescopes. The dishes will work together to make one 
large telescope known as an interferometer. Individual dishes 

will also move to form arrays of different sizes. 

7

6

5



The majority of the world’s most powerful telescopes are sited at mountain-top locations 
around our planet. Often many telescopes occupy the same site, each usually protected inside 
its own building. Together with the workshops, offices, canteens, and sleeping quarters for the 
astronomers, they make up an observatory. At their high-altitude sites, the air is clear, still, dry, 
and thin, and the observatories are away from city lights. From here, astronomers look up into 
the clearest, darkest skies and get the best possible views of the universe.  

OBSERVATORY

1  KITT PEAK
Located high in the Quinlan Mountains in Arizona, the Kitt Peak 
National Observatory houses 26 optical telescopes and two 
radio telescopes. This makes the observatory the largest 
collection of astronomical instruments in the world. Almost 
three-quarters of the nights here are clear, and in the daytime, 
the McMath-Pierce Solar Telescope, the largest optical solar 
telescope in the world, takes advantage of the clear sky.

2  CALAR ALTO
Observatories are expensive, so national governments and 
universities often cooperate to share the costs. The German and 
Spanish governments came together to fund and build the Calar 
Alto Observatory in the 1970s. It is situated at a height of 7,113 ft 
(2,168 m), near the peak of Mount Calar Alto in southern Spain. 
From here, the observatory’s five large telescopes can observe  
all the northern hemisphere sky and part of the southern sky. 
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The dome of the Mayall 
telescope stands behind 
the Bok telescope dome; 
both are optical telescopes

Inside the dome 
is a 7.2-ft (2.2-m) 
telescope

1 2 3

Four identical 
buildings each house 

a VLT telescope 
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5  PARKES RADIO DISH
Telescopes that collect shortwave radio waves are located  
at mountain-top sites. However, other radio waves are 
unaffected by Earth’s atmosphere, so the telescopes that  
collect them can be located at low altitude. The 210-ft (64-m) 
radio telescope dish of the Parkes Observatory in Australia is 
computer-controlled and continually changes its orientation  
in order to track a source as it moves across the sky. 

4  MAUNA KEA
In the middle of the Pacific Ocean and on the summit of the Mauna Kea 
volcano on the Big Island of Hawaii, is one of the best observing locations 
in the world. At 13,205 ft (4,205 m) high, this site is above the majority  
of the water vapour in Earth’s atmosphere. It is a multinational site and 
several countries have telescopes or a part-share in a telescope here.  
The Keck telescopes are run by a research group based in California, 
while the Subaru telescope is owned and run by Japan.

3  EUROPEAN SOUTHERN OBSERVATORY
The European Southern Observatory (ESO) is run by 14 
European countries on three separate sites in the Atacama 
Desert, Chile. Its main site is at Paranal, at an altitude of 8,645 
ft (2,635 m) in the Andes Mountains. The largest telescope 
here is the Very Large Telescope (VLT), which is made up of 
four separate 26.9-ft (8.2-m) telescopes. Facilities include 
accommodation, restaurants, and gardens. 

4

5

Keck telescope dome 

Parkes is the second biggest 
steerable radio dish in the 

southern hemisphere

Subaru telescope dome
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, HERSCHEL

The 11.5-feet (3.5-m) wide mirror of the 

Herschel Space Observatory is the largest 

single mirror of any space telescope. It collects 

infrared wavelengths from dusty and cold 

objects. The telescope stays cool to make sure 

its own heat doesn’t spoil its observations. 

Liquid helium keeps its temperature down  

to almost -459°F (-273°C). The telescope is 

expected to work for at least three years. 

A sunshade protects the 

telescope from the Sun’s heat

Astronomers have been using space-based telescopes for 
about 40 years. Some of these telescopes orbit our planet, 
while others orbit the Sun, while near Earth. Space telescopes 
are usually designed to work in one specific wavelength 
band, such as X ray or infrared. They collect and record data 
in much the same way that telescopes do on Earth, but space 
telescopes work all year round, day and night, and they are 
built to last for several years without repair.

SPACE TELESCOPES

CHANDRA .

Launched in 1999, the Chandra 

X-ray Observatory studies the 

more energetic regions of the 

Universe. It moves along an 

elliptical orbit around Earth, 

looking at, among other things, 

the remnants of exploded stars and 

the regions around black holes. X rays are 

collected and focused by four mirrors 

nested inside each other. The information 

is recorded by instruments at the end of 

the telescope’s 45-ft (13.7-m) body. 

FIRST VIEW .

This is the first picture taken by Herschel in June 

2009—an image of the Whirlpool Galaxy. The 

blue regions are warm dust heated by young 

stars. Colder dust appears red-brown. The 

brightest blue dot at the top is a smaller 

companion galaxy. 

Secondary mirror reflects 

radiation to instruments

Main mirror reflects wavelengths 

to secondary mirror

Tank contains 

liquid helium  

to cool the 

instruments

Solar panels  

provide power 

which is stored 

in three banks  

of batteries
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HUBBLE u
The Hubble Space Telescope 

works about 348 miles (560 km) 

above Earth as it orbits the planet.  

Its 8-ft (2.4-m) main mirror started 

collecting infrared, visible, and 

ultraviolet radiation from distant 

objects in 1990. Once recorded by its 

cameras and other instruments, the 

data is passed to satellites in the 

Tracking and Data Relay Satellite 

System. It is then forwarded to 

receiving stations on Earth.  

ORION NEBULA .

All four of Hubble’s cameras and imaging 

instruments were used to produce this view 

of the Orion Nebula. The data for it was 

collected as Hubble made 105 orbits of Earth. 

Among the 3,000 stars that Hubble revealed in 

this region are what seem to be young brown 

dwarfs. These are failed stars: They are made of 

too little material to get hot enough to shine. 

WORKING LIFE .

Space telescopes are usually built to last several years without 

repair, but the Hubble Space Telescope is the exception. 

Astronauts visited Hubble five times between 1993 and 2009, 

servicing the telescope, making repairs, and replacing parts. 

Here, Jeff Hoffman removes the original Wide Field and 

Planetary Camera before replacing it in 1993. 

FIRST DECADE .

This Chandra image of the center of 

the Milky Way Galaxy was produced in late 2009 

to mark 10 successful years of observations. It is a combination of 

88 observations taken over a period of a little over 26 days. It shows the 

region around the supermassive black hole Sagittarius A* in the center of the 

galaxy. The black hole is within the bright area at the center of the image. 

The sunshade shields the 

entrance to the telescope 

from the Sun 

Thrusters used after 

launch to propel 

Chandra to its orbit 

Mirror assembly 

Aperture door is closed 

during servicing missions 

to protect the mirrors 
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Information  sent to Earth through the dish antenna

Unmanned robotic spacecraft have been exploring nearby space for about 
50 years. About 200 of them have been launched from Earth, but only 
about half have been successful. These robotic explorers have visited all 
the planets, Earth’s Moon, other planetary moons, asteroids, and comets, 
and approached the Sun. Most craft have been sent by the U.S. and Russia, 
but in recent years Europe, Japan, China, and India 
have sent them too. 

ROBOTIC EXPLORERS

ROSETTA  .
Robotic craft travel to places too dangerous or remote for 

humans, and they perform monotonous jobs over long 
periods of time. After a journey lasting 10 years, Rosetta 

will arrive at the Comet Churyumov-Gerasimenko in 2014. 
The craft will stay with the comet nucleus for eight years as 

it travels in towards the Sun, around it, and then away 
again. Rosetta will release a smaller craft, called Philae,  

to land on the comet’s surface. 

NEW HORIZONS  .
In January 2006, New Horizons started its journey to Pluto.  
It is carrying investigative tools such as cameras and a dust 
detector, as well as a computer, which is the craft’s brain, 
communications equipment, and a power source. New 
Horizons is a flyby craft—it will arrive at Pluto in 2015 
and make observations as it flies past the dwarf 
planet en route for the Kuiper Belt. 

Cassini has measured 

the sizes of particles that 

make up Saturn’s rings
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d CASSINI-HUYGENS
Spacecraft sent to explore the planets and their moons are typically the 
size of a car or a small bus. The Cassini-Huygens craft is one of the largest 
ever built—it is about 23 ft (7 m) long and 13 ft (4 m) wide. As its name 
suggests, it consists of two parts. In 2004, the main craft, Cassini, moved 
into orbit around Saturn, and has been investigating the planet and its 
moons ever since. The smaller craft, Huygens, was released by Cassini  
and parachuted to the surface of Saturn’s largest moon, Titan, sending 
back pictures of the moon’s surface.

d NEAR
Unlike astronauts, spacecraft don’t need to 
return home once their work is done. NEAR, 
the first craft to land on an asteroid, is still 
there. Initially designed to just orbit the 
asteroid Eros for one year, the mission ended 
with a touchdown on February 12, 2001.

, VOYAGER
The twin craft Voyager 1 and Voyager 2 made a grand tour of the giant 
planets between 1979 and 1989. They both flew by Jupiter and Saturn, 
and Voyager 2 went on to fly by Uranus and Neptune. Voyager 2 remains 
the only craft to visit these two planets. Voyager 1 is now more than  

 10.4 billion miles (16.8 billion km) away, the most distant spacecraft 
from Earth, and more than 100 times farther from the Sun than 
Earth. It is getting more distant by about 10.6 miles (17 km)  
every second and is still communicating with Earth.

d MARS EXPRESS
Some robotic craft investigate a planet as they fly past, 
whereas others do so as they orbit it. Mars Express moved 
into a polar orbit around the planet Mars in January 2004.  
As it travelled to within 300 km (186 miles) of the Martian 
surface, its seven instruments started to record data.  
It was initially going to monitor the planet for one 
Martian year (687 Earth days), but Mars Express 
proved so successful that its life has been 
extended twice. 

d STARDUST
A very few space missions have returned to Earth with a 

sample of a space object. The first were the three Russian  
Luna craft that returned with soil from the Moon in the 1970s. 

Stardust collected dust from Comet Wild 2 while flying through 
its coma in 2004. It returned the sample to Earth in a 

capsule in January 2006. Meanwhile, 
Stardust has a new target—it will 

fly past Comet Tempel  1 
in February 2011.  

Electrical power  is provided by  the solar panels

, GALILEO
The Galileo craft spent eight 

years studying Jupiter and its 
moons between 1995 and 2003. It 

orbited the planet roughly every two 
months, following long paths that brought it 

close to all the major moons. When it initially 
approached the planet, Galileo 
released a probe into Jupiter’s 
atmosphere. Once the main 
craft ceased working,  
it was deliberately 

crashed into Jupiter.
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Five of the robotic craft sent out from Earth to explore the solar system have 
been rovers. These craft are designed to drive across alien terrain, stopping 
now and again to make on-the-spot investigations. The first two, Lunokhod 
1 and Lunokhod 2, explored the Moon in the early 1970s. The other three 
were sent to Mars, and two are still working there now. The rovers’ solar 
panels power both the craft and their suite of instruments, including 
cameras and rock analysis tools. 

ROVERS ON MARS

1

2  SPIRIT
Two identical craft arrived on Mars in 2004. The first 
was Spirit, which touched down on January 4 at 
Gusev Crater. It drove over about 5 miles (8 km) of 
the crater’s floor, before it became stuck in loose soil 
in May 2009. Spirit has found basaltic rock, which is 
evidence that volcanic lava once flowed here, and 
older sedimentary rock, which indicates the presence 
of water in the past. 

1  SOJOURNER 
The first rover to Mars was a microwave-oven sized buggy called Sojourner. It was 
carried to the planet by the landing craft Mars Pathfinder, arriving there on July 
4, 1997. The landing site was a rock-strewn, ancient floodplain called Ares Vallis. 
Sojourner worked for almost three months, analyzing the chemical 
properties of rocks. Sojourner returned some 550 
photographs back to Earth. 

2

Pancam consists of two 
digital cameras which 

can turn 360° and take 
panoramic views 

X-ray spectrometer 
tested composition of 
rock and soil samples
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3  OPPORTUNITY
Opportunity is working on the opposite side of 
Mars to Spirit. It arrived at Meridiani Planum on 
January 25, 2004, and has traversed 11.7 miles  
(18 km) of the Martian surface, stopping to 
investigate the three impact craters Endurance, 
Erebus, and Victoria. Opportunity and Spirit have 
a jointed arm that extends out at the front of the 
lower body. The arm’s array of instruments 
examines rock and soil. Collected data is relayed 
to Earth via Mars Odyssey and Mars Global 
Surveyor, which are orbiting Mars. 

4  LANDING CASING 
Spirit and Opportunity travelled to Mars inside 
identical landing craft. A parachute slowed each 
lander’s descent to the surface and four airbags 
cushioned the craft’s touchdown. Once the 
lander had come to a halt, the airbags were 
deflated and pulled towards the lander to leave 
the surrounding area clear for the rover. The sides 
of the lander opened like flower petals, making 
the rover upright in the process, in readiness to 
drive out of the lander. 

5  ROCKY TERRAIN
Rovers sent to Mars are designed and tested  
to cope with its surface terrain. Spirit and 
Opportunity were built to roll along at about 
2 in (5 cm) per second, stopping several times a 
minute to study the ground around them. They 
avoided surface holes, large rocks, steep slopes, 
and sand traps. A suspension system kept their 
wheels on the ground when crossing rough 
surfaces, and their wheels were designed to 
provide grip on the rocky soil.

4

3

5

Low-gain antenna, one 
of three antennae used 

for communications 

The deflated airbags and 
lander casing that brought 
Opportunity to Mars



96

Our home planet, Earth, is the only place in the universe where  
we know for certain that life exists. Life may occur elsewhere—it 
would be extraordinary if it didn’t, as the chemical elements  
found in all Earth’s living things are found throughout the 
universe. In recent decades, we have started looking for 
extraterrestrial life. It could be in one of a number of 
forms, from microorganisms to primitive creatures, 
and even complex and intelligent beings. Our search 
started in the solar system, but now includes planets 
around distant stars.

SEARCH FOR LIFE

SENDING MESSAGES .
Spacecraft sent out from Earth to explore 

the solar system have carried plaques and  
disks containing information about humans and 

the planet we live on. Voyager 1 and Voyager 2 left 
Earth in 1977. On board each was a gold-plated disk with 

sounds and images of life on our planet. Voyager 1 is now 
the farthest artificial body from Earth, but it will be 40,000 
years before it approaches another planetary system. 

LIFE ON EARTH .
Life on Earth began about 3.8 billion years 

ago when carbon-containing molecules in 
Earth’s oceans evolved into tiny cells. Life 
now consists of at least 1.5 million different 
types, or species—from single-cell forms, 
such as bacteria, to multicellular animals, 
including humans. Most scientists think that 
extraterrestrial life will be similar to Earth’s.

u PLANET HUNTING
Earthlike planets orbiting 
distant stars are good 

places to search for life. In 2009, 
the Kepler spacecraft started a search 
for such planets by monitoring 
100,000 stars. A planet is detected 
when it causes a dip in brightness as 
it crosses in front of the star it orbits. 

LISTENING FOR SIGNS u
The Allen Telescope Array, California, has been listening  

for signals from extraterrestrial life since 2007. It consists of 
42 radio dishes that are directed towards nearby Sunlike 

stars. More dishes will be added, until a total of 350 will 
work together. They are part of a search called SETI 

(Search for Extraterrestrial Intelligence). No 
messages sent deliberately or by chance 

have been received, so far. 
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LOOKING ON MARS .
Mars is the only solar system planet, apart from Earth, that 

astronomers believe could be home to life. Any life that may 
have developed there would be microbial and formed when 
the planet was young. Two Viking spacecraft landed on Mars 

in 1976 and tested the planet’s soils for signs of life, but the 
results were inconclusive. The rover Curiosity will travel there 

in 2011 and assess whether Mars can or ever could have 
supported microbial life.  

EARTHLIKE EXOPLANET .
Once Earthlike planets are found, the next stage is to 

assess how many are in the habitable zone—the region 
around a star where the temperature is right for liquid 

water and where life could develop. Analysis of the 
planets’ atmospheres would also reveal any chemical 

compounds we associate with life. This could be 
oxygen that has come from plants, or methane and 

carbon dioxide given out by animals. 

FICTIONAL ALIENS .
Authors and artists have imagined strange creatures 
living on other solar system worlds for more than  
200 years. From the 1930s to 1950s, alien invasions of 
Earth featured regularly in comics, books, and films.  
In October 1938, people in the U.S. were temporarily 
convinced that Martians had landed when they mistook 
a radio version of H G Wells’ novel The War of the Worlds 
as a news bulletin. 
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As one generation of spacecraft investigates the universe,  

future missions are being planned and built. The design and 

manufacture of a craft can take years, and, in the process, it 

undergoes rigorous tests. Even after launch, it can be months or 

years before a craft reaches its target and sets to work. Future 

robotic craft will return to worlds already visited to explore them 

in greater detail, while others investigate new targets. Closer to 

home, new space telescopes will peer into deep space as well as 

observe and monitor nearby worlds.

FUTURE EXPLORERS
d JUNO
In 2011, the Juno spacecraft will start its journey to 

Jupiter. After arrival in 2016, it will spend the next  

12 months travelling round the planet from pole to 

pole. Juno spins around three times per minute as it 

travels. As a result, Juno’s instruments, which are 

placed around its body, will observe Jupiter about  

400 times in the two hours the craft takes to fly from 

pole to pole. The information collected will help us 

to learn about Jupiter’s atmosphere, what lies 

beneath it, and the planet’s origins. 
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u GAIA

Over a five-year period, starting in 2011, the Gaia spacecraft will 

look at about one million stars in the Milky Way. This space 

telescope will examine them 100 times each, recording their 

brightness and position over time. The data, even once compressed, 

will fill more than 30,000 CDs. It will be used to construct the largest 

3-D map of the Milky Way ever produced, and will reveal details of 

the composition, formation, and evolution of our galaxy. 

u CURIOSITY

A rover called Curiosity and officially known as the Mars Science 

Laboratory mission will head off to Mars in late 2011. About the size  

of a small car, Curiosity will be the largest rover to explore the planet. 

It also has the capability of travelling farther than any other. It will move 

over the surface at speeds of up to 295 ft (90 m) per hour, rolling over 

obstacles up to 29 in (75 cm) high. Soil and rocks will be analyzed by  

10 instruments to ascertain whether Mars could support microbial life 

now, or could have done so in the past. 

u JAMES WEBB

The James Webb Space Telescope is being prepared for a 2014 

launch. Although hailed as the successor to the Hubble Space 

Telescope, it is different in a number of ways. It works in the 

infrared and is much larger—its 21.3-ft (6.5-m) main mirror is 

made from 18 segments. The telescope will be pointed so that 

the Sun, Earth, and Moon are on one side, and its tennis-court 

sized sunshield will protect the telescope like a parasol. 

u GRAIL

The Gravity Recovery and Interior Laboratory (GRAIL) mission 

consists of twin spacecraft. The pair will launch together in 

2011, and fly around the Moon over a three-month period. 

Measurements of data transmitted between themselves and 

Earth along with knowledge of the relative positions of the craft 

will be used to measure the Moon’s gravity. The results will give 

an insight into what lies beneath the Moon’s surface and what  

its internal structure is like from crust to core.



LONELY TRAVELER
Astronaut Harrison Schmitt 
stands next to his lunar rover 
as he looks into Shorty Crater 
on the Moon. He is one of 12 
people to have walked on the 
Moon, the only world beyond 
Earth that humans have visited.



Space travelers
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Humans live on Earth and we feel the pull of its gravity. This 

gives us weight. Gravity exists throughout the universe and 

astronauts encounter it wherever they travel. Those on the Moon 

felt the pull of its gravity, which is one-sixth the pull of Earth’s. 

Astronauts above Earth are orbiting the planet and feel 

weightless. They are in free fall: Gravity is pulling 

them to Earth, but they are moving horizontally 

around Earth at the same time. 

WEIGHTLESSNESS

. DAILY LIFE
Everyday activities such as drinking, washing, and sleeping need care in a 

weightless environment. Liquids would float about and so drinks are taken 

straight from pouches, and astronauts keep clean by using wipes. Sleeping 

astronauts are tied down to stop them drifting away. Fans circulate the air 

inside the craft so that astronauts don’t breathe in the carbon dioxide 

they have just breathed out.

, SPACE SENSATIONThere is no up or down in an orbiting spacecraft and astronauts move by pushing or pulling themselves using hand holds or anything within reach. Humans adapt to the conditions, but plants cannot orientate themselves: Some send their roots out of the soil and their shoots into it. Spiders are initially confused, but soon learn how to build a web in weightlessness. 

Astronaut fixes her feet 
on the wall to stop 

herself moving as she 
uses the laptop

Arms and hair of 
sleeping astronaut 
float freely

Food is eaten directly 
from pouches to 
prevent spillage

GRANOLA WITH 

BLUEBERRIES

LEMON-LIME DRINK

TEA WITH LEMON

Astronaut checks a plant 
experiment on board the 
International Space Station
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. EFFECT ON THE BODY

Astronauts are monitored while in space to find out how weightlessness 

is affecting them. Nearly all astronauts experience some form of space 

sickness such as headache, nausea, and vomiting during the first day or 

two of weightlessness. Other effects last the duration of the space trip. 

Gravity isn’t pulling on the body or its fluids and so astronauts 

have stuffy noses and puffy faces, and the heart doesn’t have 

to pump so hard to send the blood round the body. 

Muscles weaken because they don’t have to work so 

hard in weightless conditions, and calcium is 

lost from bones, making them weaker, too. 

, TRAININGAstronauts prepare for weightlessness in two ways. They make repeated flights 

in a specially modified plane that follows a path known as a parabolic loop.  

As they fly on the downward part of the path, anyone inside feels weightless. 

Secondly, they train for spacewalks in a huge water tank known as the 

Neutral Buoyancy Laboratory. Wearing a modified spacesuit, astronauts 

work with mock-ups of their 
craft. The underwater conditions don’t give true 
weightlessness, but it is 
the next best thing. 

Astronauts are weightless 
 for about 25 seconds at a 

time inside the aircraft

Gennady Padalka uses an 

ultrasound machine to study 

the effects of weightlessness 

on Mike Finke’s body

The training plane  
is nicknamed the 
“vomit comet”

Astronaut inside the  
tank trains for  

a spacewalk
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,SATURN V ROCKET
The astronauts started their journeys aboard Saturn V rockets, which 
launched from Cape Canaveral, Florida. The Apollo craft carrying the crew 
of three astronauts was in the nose cone of the rocket. Once above Earth, 
the Apollo craft was released to continue on to the Moon. The Saturn V  
is the largest rocket to fly successfully.

Saturn V was 363 ft  
(111 m) high, as tall as  
a 30-story building

Cone-shaped Command 
Module attached to 

drum-shaped Service 
Module with engine

In total, 24 astronauts have traveled as far as the Moon, and 12 of them 
have walked on its surface. All 24 were men and from the U.S. They 
traveled in nine separate Apollo missions. The first missions tested the 
Apollo craft. Then, in December 1968, Apollo 8 orbited the Moon ten 
times, and five months later Apollo 10 approached its surface. The first 
mission to land astronauts on the Moon was Apollo 11 in July 1969. 

MAN ON THE MOON

Apollo 11
Buzz Aldrin

Apollo 11
Neil Armstrong

Apollo 15
James Irwin

Apollo 15
David Scott

u COMMAND AND 
SERVICE MODULES

The Apollo craft consisted of 
three parts—the Command 

Module, the Service Module, 
and the Lunar Module. The crew 

lived in the Command Module 
as they traveled to and from  

the Moon. Once at the Moon, 
two astronauts landed in the 

Lunar Module, while the third 
orbited the Moon in the 

combined Command and 
Service Modules. The Command 

Module was the only part to 
return to Earth. 
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,MOONWALKERS
The 12 astronauts who 
walked on the Moon 
traveled there in six 
separate missions. The 
first was Neil Armstrong 
on July 21, 1969. 
Harrison Schmitt was  
the last onto the Moon, 
but Eugene Cernan was 
the last to step off, on 
December 14, 1972.  
In total, the astronauts 
spent more than 300 
hours on the Moon’s 
surface, 80 of which were 
outside their craft. Two 
Apollo 13 astronauts 
were also scheduled to 
land, but a fault in their 
craft meant they only 
traveled around the 
Moon before heading 
home.

Apollo 12
Alan Bean

Apollo 12
Charles Conrad

Apollo 14
Edgar Mitchell

Apollo 14
Alan Shepard

Apollo 16
Charles Duke

Apollo 16
John Young

Apollo 17
Harrison Schmitt

Apollo 17
Eugene Cernan

,APOLLO 11
Millions of people around the world 
watched on their TVs as the Apollo 11 
astronauts explored the Moon. As 
Neil Armstrong took his first step 
on to its surface, he declared, 
“That’s one small step for man; 
one giant leap for mankind.” He 
was joined by Buzz Aldrin 19 
minutes later. They collected  
48.4 lb (22 kg) of rock  
and soil samples, took 
photographs, and set up 
equipment to detect 
moonquakes and measure 
the Earth–Moon distance.

dLUNAR MODULE AND ROVER
The astronauts landed on the Moon’s surface 
in the Lunar Module—the Apollo 11 module 

was called Eagle. The upper part 
was home while on the Moon, 

and this returned them to 
the rest of the orbiting 

Apollo craft once their 
work was complete. 

The Lunar Modules of 
Apollos 15, 16, and 
17 carried Lunar 
Roving Vehicles. 

These lightweight 
electric cars were 
used for exploring 
the lunar surface. 

Lower part of the 
module became 
a launch platform 

The space-suited astronauts 
found that kangaroo-style 
hops were the best way to 
move around

Lunar Roving 
Vehicle

Lunar Module

Rover carried 
two astronauts, 
their tools, and 
rock samples 
that had been 
collected
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u BOOTS
The spacesuit boots fit on to the end of  
the cloth legs of the suit. An interlocking 
alumium ring connects the two. The depth 
of the ring used depends on the length of 
the astronaut’s leg. Astronauts wearing 
these boots hover or float and do not put 
their feet down, and so the boots are soft. 
Those designed for Moon walking had 
silicon soles and stainless-steel uppers. 

. EXTRA-VEHICULAR SUIT
The spacesuit completely covers an 

astronaut’s body and gives the astronaut 
their own Earthlike environment. The  

outer layer is a blend of waterproof, 
bulletproof, and fire-resistant fabric.  

A further seven layers make the suit act like a 
thermos flask and prevent temperature change 

inside. Further layers are tear resistant, hold in 
the oxygen, and maintain the proper pressure. 

Astronauts wear a range of clothes in space—the 
different garments are designed for the variety of 

activities they do. Clothes include a suit worn 
during launch, casual clothes worn inside their 

craft while in space, and the white spacesuit worn 
by the astronauts who venture outside. Whatever 

the garment, it is designed with protection and 
comfort in mind. A spacesuit protects an 

astronaut from the space environment and 
lasts for about 25 spacewalks. The suits 

are kept in space, where they are 
adjusted to fit different astronauts.

SPACESUIT ACES SUIT d
The Advanced Crew Escape Suit (ACES) is a pressure suit worn 

during launch and return to Earth. Its bright orange flameproof 
material makes an astronaut easily visible in an emergency. 

Underneath, the astronaut wears long-sleeve and long-pant 
underwear lined with tubes of cooling 

water. The suit is worn with a helmet, 
gloves, leather boots, and  

a parachute.

Metal ring to 
attach boot

Mission badge

Communications head 
gear called a “Snoopy hat”

Clips for 
attaching tools

Straps for 
attaching 

parachute

Neck cuff to 
attach helmet

Leather boots

Spacesuit comes 
in two pieces: 
pants and top
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u GLOVES
Spacewalking astronauts use their hands 
as the main way to get around and for 
completing tasks. So their gloves need to 
be particularly comfortable and easy to use. 
The thumb and fingertips are moulded of 
silicone rubber for sensitivity. The astronauts 
control heaters in the fingertips to prevent 
their fingers from getting cold.

dHELMET
A hard-shelled helmet 

provides a protective 
pressurized environment 
for the astronaut’s head. 

On the outside, a visor  
can be lowered to protect 

the face from the Sun’s 
radiation. Inside, there is 

oxygen for breathing and 
a communication system.

u EXERCISE CLOTHES
Each crew member onboard the 
International Space Station gets 

one pair of shorts and a T-shirt for 
every three days of exercising. 
They also get a pair of running 

shoes for the treadmill and 
another pair for the exercise 

bike. The dirty clothes are 
packed in a Progress supply 
vehicle, which burns up as it 

enters Earth’s atmosphere. 

, IN-FLIGHT SUIT
Some astronauts choose to wear in-flight 
suits when living in space. These one-piece 
suits that zip up the front are personalized 
with name badges and mission emblems. 
Zipper pockets on the suit’s body, arms, and 
legs secure small items such as pens. Strips 
and squares of Velcro are also used to fix 
items down and prevent them floating away.

d CASUAL CLOTHES
Astronauts choose their casual 
clothes, such as polo-shirts, 
rugby-shirts, and loose pants  
or shorts, before launch. The 
mission emblem can be sewn 
onto them. Shirts and pants  
are changed on average every 
10 days, underwear and socks 
every two days.

Mission 
emblem
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1  ISS parts  
The station 
consists of 18 
major parts. These 
include the living 
module Zvezda and 
three experiment 
laboratories—Destiny, 
Columbus, and two Kibo 
modules. The larger of the 
Kibo modules is the size of 
a large tour bus and the 
biggest single ISS module. The 
backbone of the ISS is the truss, 
which supports the solar panels. 

2  Servicing the station Crew 
members are ferried to and from 

the ISS by either a Soyuz capsule or 
the space shuttle, which dock 

temporarily with the station. The 
bulk of supplies are carried there by 

an uncrewed, automated Russian 
Progress craft. Once emptied of 

supplies and refilled with waste, it 
undocks and then burns up as it 

reenters Earth’s atmosphere. 

The International Space Station (ISS) is a workplace and home for astronauts. It orbits 
Earth 15 times a day at an altitude of about 240 miles (390 km). The ISS is a collaboration 
of 16 countries: the U.S., Russia, Canada, Japan, 11 European countries, and Brazil.  
It was launched in parts, which were assembled in space.

INTERNATIONAL SPACE STATION

Japans’ Kibo laboratory 
was connected to the  
ISS in 2008

Solar panels were 
folded for launch and 
unfolded in space 

Truss was constructed 

segment by segment 

Columbus, 
the European 
laboratory 

Zvezda includes 
the crew’s  
living area 

Radiators 
control the 
station’s 
temperature 

21

Zarya: the first 
part into space
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4  Skylab The US station Skylab orbited Earth from 
1973 to 1979. During this time, three crews visited 
the station for short periods and studied the effects 
of living in space on their bodies and made 
observations of the Sun and Comet Kohoutek. 

6  Inside the ISS Astronauts have lived 
on the ISS since November 2, 2000 

when the first crew moved in. Initially, 
the station housed a crew of three, but 
this changed to six as the station grew 
in size. Inside, the astronauts have the 

space of a five-bedroom house, but  
only a small part is for living in. 

5

5  Construction The first station parts were fitted together in 
1998 and completion is scheduled for 2011. More than 100 

parts have been delivered in more than 50 launches, and 
astronauts have made more than 120 spacewalks to install  
the new parts and carry out repairs. The first sections to be 

connected were Unity, a connecting module, and Zarya, 
a module that provided power in the early stages, but 

is now used for storage. 

Equipment makes the 
interior cramped inside 

the Destiny module

3  Mir Ten space stations 
have orbited Earth. The first 
was the Russian Salyut 1 
placed into orbit in 1971, but the 
most successful prior to the ISS  
was Mir. The six Salyut stations that 
preceded it were launched in one  
piece, but Mir was constructed in space 
between 1986 and 1996. Astronauts lived 
onboard until June 2000. It was brought  
out of orbit and broke up in Earth’s 
atmosphere in March 2001. 

This view of the ISS was 
taken from the space shuttle 

Discovery as it moved away 
on March 25, 2009

View as Discovery 
moved away on  

September 8, 2009

4

6

3
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The International Space Station (ISS) is monitored around the clock. The people watching 
over it are based in a flight control room in Houston, Texas, and in another at the Mission 
Control Centre in Russia. They track the station, monitor the station’s health and that  

of its crew, oversee operations, and provide backup when problems arise. Other 
centres in Germany, France, Canada, and Japan monitor the individual 

station parts built by those countries. 

MISSION CONTROL

1

2

3

1  CONTROL ROOM
The American ISS Flight Control 
Room is located at the Johnson 
Space Center in Houston, Texas. 
Recently refurbished, it was first 
used for space flight control in 1968 
when Apollo 7, the first three-
person American mission, was 
launched in preparation for later 
manned missions to the Moon. The 
staff, known as flight controllers, 
work in three teams, and each is on 
duty for about nine hours at a time.   



113

6  EVA CONTROL  
When the station 
astronauts make 
spacewalks, this console is 
occupied by the EVA (Extra-
vehicular Activity) flight controller, 
who monitors the spacewalk and the 
spacesuits. Next to the EVA is the flight 
surgeon, who is responsible for the 
physical and psychological health and 
safety of the station’s crew. 

5

4

6

2  DISPLAY SCREENS 
Huge screens at the front of  
the room provide up-to-date 
information on the station’s 
position along its orbit. The TDRSS 
(Tracking and Data Relay Satellite 
System) is used to keep track of  
the station. It is a network  
of communication satellites 
positioned around Earth. Signals 
are received and transmitted by 
ground stations at White Sands, 
New Mexico, and at the Goddard 
Space Flight Center in Maryland. 

3  FLIGHT CONTROLLERS
About a dozen flight controllers 
work in the room at one time. Each 
has a specific function that they are 
assigned to. Each function has a 
particular call sign—the name  
they use when talking to other 
controllers. ROBO (Robotics 
Operations Systems Officer) 
watches over the station’s robotic 
arm, and sitting behind is TITAN 
(Telemetry, Information Transfer, 
and Attitude Navigation).

4  MISSION EMBLEMS
A wall of the control room is 
decorated by mission emblems. 
These are badges produced for 
manned and, less often, 
unmanned missions. The designs 
are unique to a mission and 
usually include the names of the 
mission and its crew. The emblems 
are produced as patches and worn 
on astronaut clothing. 

5  FLIGHT DIRECTOR  
The seat next to the aisle on this 
console is taken by the flight director, 
the person in charge of the team 
presently working in the room. Next 
to the flight director is CAPCOM 
(Capsule Communicator), who speaks 
with the station crew on behalf of the 
Control Room. This role is often taken 
by an astronaut. 
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Astronauts who go outside their craft are said to be on extravehicular activity or 
EVA. This is more commonly known as a spacewalk. About 200 astronauts have 
made spacewalks: about two-thirds from the U.S., just over a third from Russia, 
and fewer than 20 from other countries. They wear a pressurized spacesuit that 
protects them from the space environment and supplies oxygen to breathe.

SPACEWALK 1  FIRST SPACEWALK
Alexei Leonov made the first spacewalk 
on March 18, 1965 when he spent 
about ten minutes outside his Voskhod 
2 craft. In that time his suit inflated and 
he found it difficult to re-enter. Once 
he released air from the suit, he 
squeezed back in through the hatch. 

2  APOLLO SPACEWALKS
Nearly all spacewalks have been in Earth orbit. 

The exceptions are those made by Apollo 
astronauts on the Moon’s surface and by three 
Apollo astronauts traveling back from the Moon. 

During a spacewalk lasting one hour and six 
minutes, Apollo 17 astronaut Ron Evans retrieved 
film from a camera positioned outside his craft as  
he returned to Earth in December 1972.  

3  WORKING OUTSIDE
In December 2006, Robert Curbeam and Christer 
Fuglesang (above) spent more than six hours installing 
a new part on the International Space Station. 
Astronauts have spent a total of about 800 hours 
working outside the station. Spacewalkers have to take 
all their tools with them. These are attached by strings 
that retract when the tool is not in use. Occasionally one 
drifts free and moves off on its own orbit around Earth.

2

1

3

Astronauts Curbeam and 
Fuglesang work while flying  
high above New Zealand
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7  LONGEST SPACEWALK
Spacewalks regularly last up to seven 
hours. Susan Helms and Jim Voss set the 
record for the longest single spacewalk 
on March 11, 2001. They spent eight 
hours 56 minutes outside the 
International Space Station as they 
installed hardware to the external 
body of the Destiny module.

6  UNTETHERED
There have been fewer than 10 untethered 

spacewalks. In September 1994, Mark Lee 
tested the Simplified Aid for EVA Rescue 

(SAFER). This small backpack with thrusters 
is controlled from a chest-mounted unit 

and flies the astronaut back to safety if 
they mistakenly drift away.

4

7

4  AIRLOCK
Astronauts spend about six hours 
preparing for a spacewalk. Much of this is in 
a small sealed room called an airlock. Here they get 
used to breathing oxygen and the different air pressure 
of their spacesuit. When ready to leave, air is pumped  
out of the airlock and the hatch is opened. 

5  TETHERED
During a spacewalk, an astronaut is secured to the 
craft. The first astronauts were attached by a tether that 
also supplied oxygen. Today, astronauts use ropelike tethers  
or are fixed by their feet and their back to the International 
Space Station’s robotic arm. 

5

6

Robot arm
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Until the start of the 21st century, the only way to travel into space 
was to enrol with a national space agency, complete astronaut 
training, and then hope to be selected to fly. Astronauts from many 
different countries continue to do this. Most are launched by Russia 
and the U.S., and a few by China. In recent years, however, a small 
number of people have flown aboard a Russian rocket as a private 
individual and paid for their trip into space. 

SPACE TOURIST 3  GREG OLSEN
The third space tourist was American scientist and 
entrepreneur Greg Olsen. Like all other space tourists, he was 
launched aboard a Russian Soyuz craft and stayed aboard the 
ISS. During his stay there in 2005, he became the subject of 
three experiments that tested the human body’s response  
to the weightless environment. His most memorable part of 
the trip was floating around the ISS and watching the Earth 
pass by in the window.  

4  ANOUSHEH ANSARI
The only female space tourist was the Iranian-American 
engineer and businesswoman Anousheh Ansari. She stayed 
aboard the ISS in September 2006. She doesn’t consider 
herself a tourist, but prefers the description “spaceflight 
participant” because she worked on the ISS. Like Olsen, Ansari 
was the subject of experiments, investigating astronaut’s 
back pain, bacteria onboard the ISS, and the 
effects of radiation on the human body. 

1  DENNIS TITO
The first person to pay for a trip into space was the American 
businessman Dennis Tito. He was the 415th person into space, but 
the first space tourist. The return trip in April 2001 cost him about 
US$20 million. He spent a week aboard the International Space 
Station (ISS), orbiting Earth 128 times. 

2  MARK SHUTTLEWORTH
Space tourists stay aboard the ISS alongside space 

agency astronauts. South African entrepreneur 
Mark Shuttleworth spent just over a week 

there in 2002. To make sure they don’t 
jeopardize the trip for everyone, 

potential tourists undergo  
a minimum amount of 

astronaut training. For 
Shuttleworth, this included 

spending seven months at Star 
City, the Russian training center 

near Moscow.

3

4

1

2
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8

8  SPACESHIPTWO
Space tourism companies are already preparing their own craft and 
selling tickets for future space journeys. One of the first commercial 
spacecraft to make such flights will be SpaceShipTwo. After four days of 
preparation, its six passengers will travel 66 miles (110 km) above Earth, 
just beyond the edge of space. They will experience six minutes of 

weightlessness, during which they can release themselves from their 
seatbelts and float around the cabin. Their trip from launch to 

landing will last about two and a half hours. 

5

6

7

5  CHARLES SIMONYI
When Hungarian-American Charles Simonyi 
spent time aboard the ISS in April 2007, he 
enjoyed the experience so much he decided  
to go again. The software developer made his 
second trip in April 2009. He stayed up at night 
to get the most from his time in space. He also 
gained an extra day in space because his return 
was delayed due to local ground conditions.  
In total, he spent nearly 27 days in space. 

6  RICHARD GARRIOTT
In October 2008, Richard Garriott became the 
sixth space tourist. More than any other, this 
video game developer was familiar with the life 
and work of an astronaut as his father, Owen 
Garriott, had lived aboard the Skylab space 
station for 60 days. On board the ISS, Richard 
Garriott photographed regions of the Earth. On 
his return, he compared his images to ones taken 
of the same area by his father 35 years previously. 

7  GUY LALIBERTÉ
Canadian circus entrepreneur Guy Laliberté 
returned to Earth on October 11, 2009, having 
spent 11 days in space. Like the previous six 
space tourists, his time had been spent inside the 
ISS. So far, no space tourist has spacewalked, but 
once space tourism becomes a regular part of 
space travel that could be the next step. Trips 
that take you to the Moon, round the back, and 
home again, may also become a real possibility. 
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, SOYUZ FG
Soyuz rockets have been 
used to launch Russian 
astronauts since the 1960s. 
The Soyuz FG version now 
transports astronauts from a 
number of countries as well 
as space tourists on the first 
part of their journey to the 
International Space Station 
(ISS). Once released from the 
rocket, the craft containing 
the astronauts moves off to 
dock with the station. 

SATURN V .
The Apollo astronauts who 

traveled to the Moon started 
their journey on board a Saturn 

V rocket. Saturn V’s first two 
stages lifted the rocket and its 

cargo off the ground. The third 
stage moved the Apollo craft 
and its astronauts into Earth 

orbit. Then, after several orbits 
around Earth, the third stage  

set them on course for the 
Moon. Saturn V was the largest 

rocket ever used.

Astronauts travel 
inside Soyuz-TMA 
craft inside nose

Third stage of 
the rocket

Upper p
art 

is 

adapted fo
r e

ach
 

launch
 to

 ta
ke up  

to
 th

ree sa
tellit

es

First stage used five 
engines, which at launch 

consumed 15 tons of 
fuel per second

Astronauts leave Earth and head for space on either a conventional rocket 
or in a rocket-powered space shuttle. Conventional rockets are used only 
once. The astronauts sit in their own small craft within the rocket’s nose. 
On completion of their mission, the astronauts return home in the part of 
their craft that parachutes to Earth. By contrast, the shuttle is a reusable 
system that launches like a rocket and returns like a glider. 

SPACE TRANSPORT

u ARIANE 5
The European rocket Ariane 5 was designed to carry both astronauts and 
spacecraft. So far, more than 40 Ariane 5s have launched, but none has carried 
humans. The rocket consists of two solid-fuel rocket boosters attached to either 
side of the two-stage central core. The first Ariane 5 launched the XMM-Newton 
space telescope, in 1999.
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SPACE SHUTTLE d
The space shuttle system has three parts. First is the orbiter, 
the only part to go into space. Next is the orange fuel tank, 
which supplies fuel to the engines. Third are the two booster 
rockets, which help lift the system off the ground. The tank 
and boosters fall back to Earth soon after launch. Astronauts 
live on the orbiter or use it to travel to or from the ISS. 

u ARES 1
Ares 1 is currently being developed to 
launch the Orion craft, which will take 
astronauts to the Moon. Ares 1 will replace 
the space shuttle on its retirement. In the 
years between the retirement and Ares 1’s 
first manned flight, American astronauts will 
launch on board Russian Soyuz rockets. 

. LONG MARCH
Chinese astronauts are 

launched into space by a 
Long March 2F rocket. The 
astronauts are inside their 

Shenzhou craft, which consists 
of three modules. Once they 

have completed their orbits of 
Earth, they return home in the 

middle Shenzhou module. 
The Long March 2F launched 
China’s first astronaut into 

space on October 15, 2003. 

Orbiter first carried 
astronauts to space 

in 1981

Four booster rockets 
provide thrust to lift off 

the launch pad

SPACESHIPONE u
SpaceShipOne was the 

first privately owned 
piloted craft to travel to 

space more than once. In 
June 2004, Mike Melvill 

became the first 
commercial astronaut 

when he took the craft  
to 62 miles (100 km) 

above Earth—the edge 
of space. The White 

Knight aircraft carried 
SpaceShipOne to 9 miles 
(15 km) above Earth and 
then released it to ignite 

its rocket engines and 
move even higher.
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FUTURE 
JOURNEYS

1  ORION
The Orion spacecraft is scheduled to be the new transport 
vehicle for U.S. astronauts. Launched by an Ares 1 rocket, it will 
take over the space shuttle’s role of delivering crew to the ISS 
from 2014. Further into the future, it will carry six astronauts at 
a time to the Moon. A lander module will separate from Orion 
and deliver them to the lunar surface. Then, after a stay of up  
to six months, Orion will return them home. 

Astronauts continue to spend time 
on board the ISS, but preparations 
are being made for them to travel 
to more distant destinations. Both 
the U.S. and China have plans to 
send astronauts to the Moon in the 
decades ahead, followed by Mars. 
A three-week stay on Mars would 
mean a round trip of 18 months 
and would be a challenge to the 
astronauts. The opportunity to 
travel in space will also become 
more widely available to private 
individuals, and in a few decades, 
it may be possible to holiday on 
the Moon. 

1 2

2  LUNAR ROVER
Once on the Moon, the astronauts will be based in a 
fixed living module. A lunar rover will be one of a fleet 
of vehicles that will transport the astronauts as they 
explore the Moon’s surface. The prototype rover is 
already being tested on Earth, on terrain similar to the 
Moon’s surface. Travelling at about 6.2 mph (10 kph), 
the real thing will support a crew of two for up to  
150 miles (240 km) from their base.

The rover’s living module 
allows astronauts to 
travel far from base
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A robotic laboratory 
helps astronauts study 
the Martian surface

The prototype is  
8.5 feet (2.6 m) wide—
one-third the size of the 
planned final space hotel 

3  HUMANS ON MARS
The first planet that humans will visit will be 
Mars. The U.S. space agency has stated its 
intention to go there and their plan is to use the 
Orion craft to ferry astronauts to spacecraft 
assembled above Earth and waiting to carry the 
crews on to Mars. The first missions will be after 
the late 2030s and the journey to Mars will take 
about nine months.

4  MARS 500
Space scientists are already assessing how a long 
space journey to Mars will affect any astronauts. 
Six volunteers spent 105 days in Mars 500, an 
isolation chamber in Moscow, Russia, during 
early 2009. Inside, they went through a series  
of scenarios as if traveling to Mars, including 
growing some of their own food and dealing 
with simulated emergencies. 

5  SPACE HOTEL
Private individuals can already book brief trips 
into space, but future generations might even be 
able to take a holiday in space. They will be able 
to stay aboard a space hotel that orbits Earth  
16 times a day. A private organization has already 
tested its prototype space hotel, Genesis 1, in 
space. Launched by rocket from Russia, it inflated 
to twice its size once in orbit. 



Glossary
ACTIVE GALAXY 
A galaxy that emits an 
exceptional amount of energy, 
much of which comes from a 
supermassive black hole in  
its center.

ALIEN
A creature who comes from a 
world other than Earth.

ANTENNA 
An aerial in the shape of a rod, 
dish, or array for receiving or 
transmitting radio waves.

ASTEROID
A small, rocky body orbiting the 
Sun. Most are in the Main Belt 
between Mars and Jupiter.

ASTRONAUT 
A man or woman who travels 
into space.

ASTRONOMER 
Someone who studies the  
stars, planets, and other objects  
in space.

ATMOSPHERE 
The layer of gases held around  
a planet, moon, or star by  
its gravity.

ATOM 
The smallest particle of  
a chemical element.

AURORA 
A light display above a  
planet’s polar region produced 
when particles hit atoms in the 
planet’s atmosphere and make  
it glow.

BIG BANG 
The explosive event that  
created the universe 13.7 billion 
years ago.

BILLION 
One thousand million (1 followed 
by nine zeros).

BLACK HOLE 
The remains of a star, or a 
galaxy core that has collapsed 
in on itself. A galactic black 
hole is often referred to as a 
supermassive black hole.

BRIGHTNESS 
A measure of the light of a 
star. Astronomers measure 
brightness in two ways—as 
seen from Earth, and the 
amount of light a star emits.

CELL 
The basic unit in all living 
things. A cell may exist as an 
independent unit of life, or 
many can combine to form 
complex tissue, as in plants  
and animals.

CLUSTER 
A group of galaxies or stars 
held together by gravity.

COMET 
A small snow and dust body. 
Those traveling near the Sun 
develop a head and two tails.

CONSTELLATION 
An imaginary pattern made 
from stars and the region of 
sky around them. Earth’s sky 
is divided into 88 different 
constellations.

CONVECTION 
The transfer of heat by 
movement, for instance when 
warmer gas rises and cooler  
gas falls in a star.

COSMOLOGIST 
A person who studies the 
origin, evolution, and future  
of the universe.

CRATER 
A bowl-shaped hollow on the 
surface of a planet or moon, 
formed when an asteroid 
crashes into it.

DARK ENERGY 
A mysterious form of energy 
that makes up 72 percent of 
the universe and is responsible 
for the acceleration of the 
expansion of the universe.

DARK MATTER 
Matter that does not emit 
energy but whose gravity 
affects its surroundings.  
It makes up 23 percent  
of the universe.

DENSITY 
A measure of how tightly the 
mass of an object is packed into 
its volume.  

DWARF GALAXY 
A small galaxy containing only a 
million to several billion stars.

DWARF PLANET 
An almost round body that orbits 
the Sun as part of a belt of objects.

ECLIPSE 
The effect achieved when one 
body, such as a star or planet, is  
in the shadow of another.

ELECTROMAGNETIC 
RADIATION 
A range of energy waves that 
travel through space. They 
include gamma rays, X rays, 
ultraviolet, infrared,  
microwaves, visible light,  
and radio waves.

ELEMENT 
A basic substance of nature, such 
as hydrogen or oxygen.

ELLIPTICAL 
Shaped like an ellipse, which is an 
elongated circle or sphere.

EQUATOR 
An imaginary line drawn around 
the middle of a planet, moon, or 
star, halfway between its north 
and south poles.

EXOPLANET 
A planet that orbits around a star 
other than the Sun. Sometimes 
called an extrasolar planet.

EXTRATERRESTRIAL 
Something or somebody that 
comes from somewhere other 
than Earth.

FLYBY 
A close encounter made with 
a solar system object by a 
spacecraft that flies past without 
going onto orbit.  

GALACTIC 
Relating to a galaxy; for example, 
a “galactic nucleus” is the central 
part of a galaxy.

GALAXY 
An enormous grouping of stars, 
gas, and dust held together  
by gravity.

GIANT PLANET 
One of the four largest solar 
system planets. In order of 
decreasing size and distance 
from the Sun, they are Jupiter, 
Saturn, Uranus, and Neptune.

GRAVITY 
A force of attraction found 
throughout the universe.  
The greater the mass of a  
body, the greater is its 
gravitational pull.

HELIUM 
The second most abundant 
chemical element in the universe.

HYDROGEN 
The lightest and most abundant 
chemical element in the universe.

KUIPER BELT OBJECT 
A rock and ice body orbiting 
the Sun within the Kuiper Belt, 
beyond the orbit of Neptune.

LANDER 
A spacecraft that lands on 
the surface of a planet, moon, 
asteroid, or comet.

LAVA 
Molten rock released through a 
volcano or vent in the surface of 
a planet or moon.

LIGHT YEAR 
A unit of distance. One light year 
is the distance light travels in one 
year—that is 5.88 million million 
miles (9.46 million million km).

LUMINOSITY 
The total amount of energy 
emitted in one second by a star.

LUNAR 
Relating to the Moon; for 
example, the “lunar surface” is  
the surface of the Moon.

MAGNETIC FIELD 
Any place where a magnetic 
force can be measured, such  
as around Earth. 



MAIN BELT 
See asteroid.

MAIN SEQUENCE 
A stage in the lifetime of a 
star, when the star shines by 
converting hydrogen into helium 
in its core. About 90 percent of 
stars are main sequence stars. 

MARE (PLURAL MARIA) 
A smooth plain of solidified lava 
on the Moon.

MASS 
A measure of the amount of 
material (matter) a body is  
made of.

MATTER 
The substance that things are 
made of. 

METEOR 
A short-lived streak of light 
produced by a small piece of 
comet speeding through Earth’s 
upper atmosphere.

METEORITE 
A piece of rock or metal that 
lands on a planet’s or moon’s 
surface; most are pieces of  
an asteroid.

MICROBIAL 
Referring to a microorganism,  
a minute form of life. 

MICROORGANISM
A tiny form of life, such as a 
bacterium, which is not visible  
to the naked eye.

MILKY WAY 
The galaxy we live in. It is also, the 
name given to the band of stars 
that crosses Earth’s sky and is our 
view into the galaxy’s disk. 

MILLION 
The figure 1 followed by six zeros.

MODULE 
A complete unit of a spacecraft; 
for instance, Zvezda is a module 
of the International Space Station.

MOON 
A rock, or rock and ice, body that 
orbits a planet or an asteroid.

NEBULA (PLURAL 
NEBULAE) 
A cloud of gas and dust in space. 
Some emit their own light, others 

shine by reflecting light, and 
those that block out light from 
background stars appear dark.    

NEUTRON STAR 
A dense, compact star formed 
from the core of an exploding 
star. It is about the size of a city 
but consists of the same mass  
as the Sun.

NUCLEAR REACTION 
The process whereby elements 
inside a star produce other 
elements and energy is released; 
for instance, hydrogen nuclei fuse 
to produce helium, and energy 
such as heat and light is emitted 
in the process.

NUCLEUS (PLURAL 
NUCLEI) 
The body of a comet, the central 
part of a galaxy, or the central 
core of an atom.

OORT CLOUD 
A sphere consisting of more  
than a trillion comets that 
surrounds the planetary part  
of the solar system.

ORBIT 
The path that a natural or 
artificial body makes around 
another more massive body.

ORBITER 
A spacecraft that orbits around  
a space body, such as a planet  
or asteroid.

ORGANISM 
An individual form of life such as 
a single-cell bacterium, an animal, 
or a plant.

PENUMBRA 
The lighter, outer part of a 
shadow cast by a space body, and 
also the lighter and warmer, outer 
region of a sunspot.

PHOTOSPHERE 
The outer, visible layer of the Sun, 
or another star.

PLANET 
A massive, round body that orbits 
around a star and shines by 
reflecting the star’s light.

PLANETARY NEBULA 
A colorful expanding cloud of 
ejected gas and dust surrounding 
the remains of a dying star. 

POLAR 
Relating to the north and south 
poles of an object. 

PRESSURE 
The force felt when something 
presses against a surface.

PROTOSTAR 
A very young star in the early 
stages of formation, before 
nuclear reactions start in its core.

PULSAR 
A rapidly rotating neutron star 
from which we receive brief 
pulses of energy as the star spins.

RADIATION 
Energy traveling as 
electromagnetic waves such  
as infrared or light.

ROCK PLANET 
One of the four planets closest 
to the Sun and made of rock and 
metal. In order of distance from 
the Sun, they are Mercury, Venus, 
Earth, and Mars.

ROVER 
A spacecraft that moves across 
the surface of a planet or moon.

SATELLITE 
An artificial object deliberately 
placed in orbit around Earth or 
another solar system body.  
Also, another name for a moon  
or any space object orbiting a 
larger one.

SILICATE 
Rocky material containing the 
elements silicon, oxygen, and one 
or more other common elements. 
Most rocks on Earth are silicates.

SOLAR 
Relating to the Sun; for example, 
the “solar temperature” is the 
temperature of the Sun.

SOLAR SYSTEM 
The Sun and the objects that 
orbit it, including the planets and 
many smaller bodies.

SPACESUIT 
The all-in-one sealed clothing 
unit worn by astronauts when 
outside their craft in space. 

SPACEWALK 
An excursion by an astronaut 
outside a craft when in space.

SPECTROGRAPH 
An instrument that splits  
energy, such as light, into its 
component wavelengths.  
These wavelengths are then 
analyzed to reveal an  
object’s properties.

SPECTRUM 
The rainbow band of colors that 
is produced when light is split.

STAR 
A huge sphere of hot, luminous 
gas that generates energy by 
nuclear reactions.

SUPERCLUSTER 
A grouping of galaxy clusters 
held together by gravity.

SUPERGIANT 
An exceptionally large and 
luminous star.

SUPERNOVA (PLURAL 
SUPERNOVAE) 
A star that explodes and leaves 
a supernova remnant behind, 
and whose core can become a 
neutron star, pulsar, or black hole.

TRILLION 
One million million (1 followed 
by 12 zeros).

UMBRA 
The dark, inner shadow cast  
by a space body. Also, the  
darker, cooler inner region  
of a sunspot.

UNIVERSE 
Everything that exists; all space 
and everything in it.

VOLUME 
The amount of space an  
object occupies.

WAVELENGTH 
The distance between the peaks 
or troughs in waves of energy.

WEIGHTLESSNESS 
The sensation experienced  
by astronauts in space  
because traveling in space  
is like constantly falling  
through space.

ZODIAC 
The band of 12 constellations 
that form the background to the 
Sun, Moon, and planets as they 
move across the sky.
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