
Lucy & Stephen
HAWKING



VENUS

Venus is the brightest object in the sky, after 
the Sun and the Moon. Named after the 

Roman goddess of beauty, Venus has been 
known since prehistoric times. Ancient 
Greek astronomers thought it was two 
stars: one that shone 
in the morning, 

Phosphorus, 
the bringer 

of light; and 
one in the evening, 

Hesperus, until Greek philosopher and 
mathematician Pythagoras realized they 
were one and the same object.

 But Venus is a very different 
      world from the Earth.

It has a very thick, toxic atmosphere, mostly made of carbon dioxide with 
clouds of sulfuric acid. These clouds are so dense that they trap heat, making 
Venus the hottest planet in the Solar System, with surface temperatures of up 
to 878 degrees Fahrenheit (470 degrees Celsius)—so hot that lead would melt 
there. The pressure of the atmosphere is ninety times greater than Earth’s. 
This means that if you stood on the surface of Venus, you would feel the 
same pressure as you would at the bottom of a very deep ocean on Earth.

The dense spinning clouds of Venus don’t just trap the heat. They also 
reflect the light of the Sun, which is why the planet 
shines so brightly in the night sky. Venus may 
have had oceans in the past, but the water 
was vaporized by the greenhouse effect 
and escaped from the planet.

Some scientists believe that the runaway 
greenhouse effect on Venus is similar to 
conditions that might prevail on Earth if 
global warming isn’t checked.

Venus is the 

second planet 

from the Sun and 

the sixth largest 

in the Solar 

System. Venus is  often called Earth’s twin. It is about the same size, mass, and composition as  the Earth.

Venus is thought to be the least likely place in the Solar System for life to exist.



Since Mariner 2 in 1962, Venus has been visited by space probes more than 
twenty times. The first space probe ever to land on another planet was the 
Soviet Venera 7, which landed on Venus in 1970; Venera 9 sent back photos 
of the surface—but it didn’t have long to do it: The space probe melted 
after just sixty minutes on the hostile planet! The U.S. orbiter, Magellan, 
later used radar to send back images of the surface details of Venus, which 
had previously been hidden by the thick clouds of its atmosphere.

Venus rotates in the opposite direction from the Earth! If you could see 
the Sun through its thick clouds, it would rise in the west and set in the 
east. This is called retrograde motion; the direction in which the Earth 
turns is called prograde.

A year on Venus takes less time than a day there! Because Venus turns so 
slowly, it revolves all the way around the Sun in less time than it takes to 
rotate once on its axis.

 
    

Venus passes between the Earth and the Sun about twice a century. This 
is called the transit of Venus. These transits always happen in pairs eight 
years apart. Since the telescope was invented, transits have been observed 
in 1631 and 1639; 1761 and 1769; and 1874 and 1882. On June 8, 2004, 
astronomers saw the tiny dot of Venus crawl across the Sun; the second in 
this pair of early twenty-first-century transits will occur on June 6, 2012.

One year
on Venus =

224.7
Earth days

Venus spins

on its axis once 

every 243  

Earth days.



LIGHT AND HOW IT TRAVELS THROUGH SPACE

One of the most important things in the Universe is the electromagnetic 
field. It reaches everywhere; not only does it hold atoms together, but 
it also makes tiny parts of atoms (called electrons) bind different atoms 
together or create electric currents. Our everyday world is built from very 
large numbers of atoms stuck together by the electromagnetic field. Even 
living things, like human beings, rely on it to exist and to function.

Jiggling an electron creates waves in the field. This is like jiggling a finger 
in your bath and making ripples in the water. These waves are called  
electromagnetic waves, and because the field is everywhere, the waves 
can travel far across the Universe, until stopped by other electrons that can 
absorb their energy. They come in many different types, but some affect 
the human eye, and we know these as the various colors of visible light. 
Other types include radio waves, microwaves, infrared, ultraviolet,  
X rays, and gamma rays. Electrons are jiggled all the time by atoms that 
are constantly jiggling too, so there are always electromagnetic waves 
being produced by objects. At room temperature the waves are mainly 
infrared, but in much hotter objects the jiggling is more violent, and 
produces visible light.

Light travels at  

186,000 miles per 

second. This is very 

fast, but light from the 

Sun still takes eight 

minutes to reach us; 

from the next nearest 

star it takes more than 

four years. 



Very hot objects in space, such as stars, produce visible light, which may 
travel a very long way before hitting something. When you look at a 
star, the light from it may have been moving serenely through space for 
hundreds of years. It enters your eye and, by jiggling electrons in your 
retina, turns into electricity that is sent along the optic nerve to your 
brain. Your brain says, “I can see a star!” If the star is very far away, you 
may need a telescope to collect enough of the light for your eye to detect, 
or the jiggled electrons could instead create a photograph or send a signal 
to a computer.

The Universe is constantly expanding, inflating like a balloon. This means 
that distant stars and galaxies are moving away from Earth. This stretches 
their light as it travels through space toward us—the farther it travels, the 
more stretched it becomes. The stretching makes visible light look redder, 
which is known as the redshift. Eventually, if light traveled and redshifted 
far enough, the light would no longer be visible and would become first 
infrared, and then microwave (as used on Earth in microwave ovens), 
radiation. This is just what has happened to the incredibly powerful light 
produced by the Big Bang. After thirteen billion years of traveling, it is 
detectable today as microwaves coming from every direction in space. 
This has the grand title of cosmic microwave background radiation, and is 
nothing less than the afterglow of the Big Bang itself.



THE DRAKE EQUATION

The Drake Equation isn’t really an equation. It’s a series of  
questions that helps us to work out how many intelligent  
civilizations with the ability to communicate there might be in our 
Galaxy. It was formulated in 1961 by Dr. Frank Drake of the SETI 
Institute, and is still used by scientists today.

This is the Drake Equation:

  N = N* x fp x ne x fl x fi x fc x L

N* represents the number of new stars born each year in the 
Milky Way Galaxy
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Question: What is the birthrate of stars in the Milky Way Galaxy?
Answer: Our Galaxy is about twelve billion years old, and 

contains roughly three hundred billion stars. So, on 
average, stars are born at a rate of three hundred 
billion divided by twelve billion, equaling twenty-five 
stars per year.

fp is the fraction of those stars that have planets around them
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Question: What percentage of stars have planetary systems?
Answer: Current estimates range from 20% to 70%.

ne is the number of planets per star that are capable of sustaining life
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Question: For each star that does have a planetary system, how 

many planets are capable of sustaining life?
Answer: Current estimates range from 0.5 to 5.

fl is the fraction of planets in ne where life evolves
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Question: On what percentage of the planets that are capable of 

sustaining life does life actually evolve?
Answer:  Current estimates range from 100% (where life can 

evolve, it will) down to close to 0%.



fi is the fraction of habitable planets with life where intelligent life 
evolves
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Question: On the planets where life does evolve, what percentage 

evolves intelligent life?
Answer: Estimates range from 100% (intelligence has such a survival 

advantage that it will certainly evolve) down to near 0%.

fc is the fraction of planets with intelligent life capable of interstellar 
communication
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Question: What percentage of intelligent races have the means and 

the desire to communicate?
Answer: 10% to 20%.

L is the average number of years that a communicating civilization 
continues to communicate
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Question: How long do communicating civilizations last?
Answer: This is the toughest of the questions. If we take Earth as an 

example, we’ve been communicating with radio waves for 
less than one hundred years. How long will our civilization 
continue to communicate with this method? Could we 
destroy ourselves in a few years, or will we overcome our 
problems and survive for ten thousand years or more?

When all of these variables are multiplied together, we come up with:

  N, the number of communicating civilizations in the galaxy.

 



ROBOTIC SPACE TRAVEL  

   A space probe is a robotic spacecraft that scientists send out on a 
journey across the Solar System in order to gather more information 
about our cosmic neighborhood. Robotic space missions aim to answer 
specific questions such as: “What does the surface of Venus look like?” 
“Is it windy on Neptune?” “What is Jupiter made of?” 

While robotic space missions are much less glamorous than manned 
spaceflight, they have several big advantages: 

*  Robots can travel for great distances, going much farther and 
faster than any astronaut. Like manned missions, they need a 
source of power: Most use solar arrays that convert sunlight to 
energy, but others traveling long distances away from the Sun take 
their own onboard generator. However, robotic spacecraft need far 
less power than a manned mission, as they don’t need to maintain 
a comfortable living environment on their journey. 

*  Robots don’t need supplies of food or water, and they don’t need 
oxygen to breathe, making them much smaller and lighter than a 
manned spacecraft. 

*  Robots don’t get bored or homesick or fall ill on their journey. 

*  If something goes wrong with a robotic mission, no lives are lost in 
space. 

*  Space probes cost far less than manned spaceflights, and robots 
don’t want to come home when their mission ends. 

   Space probes have opened up the wonders of the Solar System to us, 
sending back data that has allowed scientists to far better understand 
how the Solar System was formed and what conditions are like on other 
planets. While human beings have, to date, traveled only as far as the 
Moon—a journey averaging 234,000 miles (376,000 kilometers)—space 
probes have covered billions of miles and shown us extraordinary and 
detailed images of the far reaches of the Solar System.

     In fact, almost thirty space probes reached the Moon before mankind 
did! Robotic spacecraft have now been sent to all the other planets in 
our Solar System, they have caught the dust from a comet’s tail, landed 
on Mars and Venus, and traveled out beyond Pluto. Some space probes 



have even taken information about our planet and the human race 
with them. Probes Pioneer 10 and 11 carry engraved plaques with the 
image of a man and a woman on them and also a map, showing where 
the probe came from. As the Pioneers journey onward into deep space, 
they may one day encounter an alien civilization! 

   The Voyager probes took photographs of cities, landscapes, and people 
on Earth with them, as well as a recorded greeting in many different 
Earth languages. In the incredibly unlikely event of these probes being 
picked up by another civilization, these greetings assure any aliens who 
manage to decode them that we are a peaceful planet and we wish 
any other beings in our Universe well. 

   There are different types of space probes, and the type used for 
a particular mission will depend on the question that the probe is 
attempting to answer. Some probes fly by planets and take pictures 
for us, passing by several planets on their long journeys. Others orbit 
a specific planet to gain more information about it and its moons. 
Another type of probe is designed to land and send back data from the 
surface of another world. Some of these are rovers, others remain fixed 
wherever they land. 

   The first rover, Lunokhod 1, was part of a Russian probe, Luna 17, which 
landed on the Moon in 1970. Lunokhod 1 was a robotic vehicle that could 
be steered from Earth, in much the same way as a remote control car.

   NASA’s Mars landers, Viking 1 and Viking 2, which touched down on 
the red planet in 1976, gave us our first pictures from the surface 
of the planet, which had intrigued people on Earth for millennia. 
The Viking landers showed the reddish-brown plains scattered with 
rocks, the pink sky of Mars, and even frost on the ground in winter. 
Unfortunately, it is very difficult to land on Mars, and several probes 
sent to the red planet have crashed onto the surface. 

 



   Later missions to Mars sent the two rovers, Spirit and Opportunity. 
Designed to drive around for at least three months, they lasted for far 
longer and also, like other spacecraft sent to Mars, found evidence that 
Mars had been shaped by the presence of water. In 2007, NASA sent the 
Phoenix Mars Mission. Phoenix could not drive around Mars, but it had 
a robotic arm to dig into the soil and collect samples. It had an onboard 
laboratory to examine the soil and work out what it contains. Mars also 
has three operational orbiters around it—the Mars Odyssey, Mars Express, 
and Mars Reconnaissance Orbiter, showing us in detail the surface features.

   Robotic space probes have also shown us the hellish world that lies 
beneath the thick atmosphere of Venus. It was once thought that 
dense tropical forests might lie under the Venusian clouds, but space 
probes have revealed the high temperatures, heavy carbon dioxide 
atmosphere, and dark brown clouds of sulfuric acid. In 1990 NASA’s 
Magellan entered orbit around Venus. Using radar to penetrate the 
atmosphere, Magellan mapped the surface of Venus and found 167 
volcanoes more than seventy miles wide! ESA’s Venus Express has 
been in orbit around Venus since 2006. This mission is studying the 
atmosphere of Venus and trying to find out how Earth and Venus 
developed in such different ways. Several landers have returned 
information from the surface of Venus, a tremendous achievement 
given the challenges of landing on this most hostile of planets.

   Robotic space probes have braved the scorched world of Mercury, a 
planet even closer to the Sun than Venus. Mariner 10, which flew by 
Mercury in 1974 and again in 1975, showed us that this bare little planet 
looks very similar to our Moon. It is a gray, dead planet with very little 
atmosphere. In 2008 the MESSENGER mission returned a space probe to 
Mercury and sent back the first new pictures of the Sun’s nearest planet 
in thirty years.

 
   Flying close to the Sun presents huge challenges for a robotic spacecraft, 

but probes sent to the Sun—Helios 1, Helios 2, SOHO, TRACE, RHESSI, and 
others—have sent back information that helped scientists to develop a far 
better understanding of the star at the very center of our Solar System. 

 
   Farther away in the Solar System is Jupiter, first seen in detail when 

the probe Pioneer 10 flew by in 1973. Pictures captured by Pioneer 10 
also showed the Great Red Spot in great detail, a feature seen through 



telescopes from Earth for centuries. After Pioneer, the Voyager probes 
revealed the surprising news about Jupiter’s moons. Thanks to the 
Voyager probes, scientists on Earth learned that Jupiter’s moons are all 
very different from one another. In 1995 the Galileo probe arrived at 
Jupiter and spent eight years investigating the giant gas planet and its 
moons. Galileo was the first space probe to do a flyby past an asteroid, 
the first to discover an asteroid with a moon, and the first to measure 
Jupiter over a long period of time. This amazing space probe also 
showed the volcanic activity on Jupiter’s moon, Io, and found Europa 
to be covered in thick ice, underneath which may lie a gigantic ocean 
that could even harbor some form of life! 

   NASA’s Cassini was not the first to visit Saturn—Pioneer 11 and the 
Voyager probes had flown past on their long journey and sent back 
detailed images of Saturn’s rings and more information about the 
thick atmosphere on Titan. But when Cassini arrived in 2004 after a 
seven-year journey, it showed us many more features of Saturn and the 
moons that orbit it. Cassini also released a probe, ESA’s Huygens, which 
traveled through the thick atmosphere to land on the surface of Titan.  
The Huygens probe discovered that Titan’s surface is covered in ice  
and that methane rains down from the dense clouds.

  Voyager 2 flew by Uranus, even farther from Earth, and showed pictures 
of this frozen planet, tilted on its axis! Thanks to Voyager 2, we also 
know much more about the thin rings circling Uranus, which are very 
different to the rings of Saturn, as well as many other details of its 
moons. Voyager 2 carried on to Neptune and revealed this planet is 
very windy—Neptune has the fastest moving storms in the Solar System. 
Voyager 2 is now ten billion miles from Earth and Voyager 1 is eleven 
billion miles away. They should be able to continue communicating with 
us until 2020. 

  The Stardust mission, during which a probe caught particles from a 
comet’s tail and returned them to Earth in 2006, taught us far more 
about the very early Solar System from these fragments. Capturing 
these samples from comets, which formed at the center of the Solar 
System but have traveled to its very edge, has helped  
scientists to understand more about the origin of the Solar System 
itself.



SPACE INVENTIONS

* air purification

* anti-fog ski goggles

* automatic insulin pumps

* bone-analyzer technology

* car brake linings

* cataract-surgery tools

* composite golf clubs

* corrosion protection coating

* Dustbuster

* earthquake prediction system

* energy-saving air-conditioning

* fire resistant materials

* fire/flame detectors

* flat-panel televisions

*  food packaging 

* freeze-dried technology

* high-density batteries

* home security systems

* lead poison detection

* miniaturized circuits

* MRI imaging 

* noise reduction

* pollution measuring devices

* portable x-ray devices

* programmable pacemakers

* protective clothing

* radioactive-leak detectors

* robotic hands

* satellite navigation

* school bus design

* scratch-resistant lenses

* sewage treatment

* shock-absorbing helmets

* smokestack monitors

* solar energy systems

*  storm warning services  

   (Doppler radar)

* studless winter tires

*  swimming-pool purification

    systems

* toothpaste tubes

There are many things we use on Earth that have been improved or 
developed because of advances in space technology. Here are just some  
of them:



BINARY CODE

Our normal numerical system works with a base of 10. 
There are numbers from 1 to 9 and then the number 
1 moves into the next “column” to show that there is 
one group of 10s.  After 99 (9 x 10 plus 9 x 1), a new 
column is needed to show the amount of 100s (10 x 
10); then again for 1000s (10 x 10 x 10) after 999 is 
reached. And so on.

With binary, the base is 2 instead of 10, so that the 
columns will represent multiples of 2, i.e.: 2, 4 (2 x 2), 
8 (2 x 2 x 2), etc. The number 3 therefore appears as 
11 (1 x 2 plus 1 x 1).  And counting 1 to 10 becomes 1, 
10, 11, 100, 101, 110, 111, 1000, 1001, 1010.

Early computer programmers decided to use binary 
code because it is simpler to design a circuit with either 
on or off positions than one with many alternative 
states. Binary code works on the principle that the early 
computers were constructed using electrical systems 
that recognized on or off positions only—which could be 
represented by using 0 for off and 1 for on. In this way 
complicated calculations could be translated into on/off 
circuits throughout the computer.

0
1
0
0
1
1
0
1
0
1
0
1
0
1
0
1
0

1
0
0
1
1
0
1
0
1
0
1
0
1
0
1
0
101001100011101010110



MANNED SPACEFLIGHT

“The Eagle Has Landed!”

  This is the message U.S. astronaut Neil Armstrong radioed back from 
the Moon to mission control in Houston, Texas, on July 20, 1969. The 
Eagle was the lunar module, which had detached from the spacecraft 
Columbia, in orbit sixty miles above the surface of the Moon. While  
astronaut Michael Collins remained on board Columbia, the Lunar 
Excursion Module touched down on an area called the Sea of 
Tranquility—but there is no water on the Moon so it didn’t land with  
a splash! Neil Armstrong and Buzz Aldrin, the two astronauts inside  
the Eagle, became the first human beings ever to visit the Moon.

  Astronaut Armstrong was the first to step out of the capsule onto 
the Moon (with his left foot). Buzz Aldrin followed him and looked 
around—at the totally black sky, the impact craters, the layers of 
moondust—and commented, “Magnificent desolation.’ As they’d 
been instructed, they quickly put Moon rocks and dust into their 
pockets, so that they would have some samples of the Moon, even if 
they had to leave in a hurry.

  In fact, they stayed for nearly a day on the Moon and covered over 
half a mile on foot. This epic voyage of Apollo 11 remains one of the 
most inspirational journeys into the unknown that mankind has ever 
undertaken, and three craters to the north of the Sea of Tranquility 
are now named after the astronauts on the mission—Collins, 
Armstrong, and Aldrin. 

 Walking on the Moon
  Including those on Apollo 11, a total of twelve astronauts have now 
walked on the Moon. But each mission was still a dangerous business, as 
was clearly shown on the Apollo 13 mission in April 1970, when an explo-
sion on board the service module meant that not only the astronauts but 
also the people on the ground had to make heroic efforts to return the 
spacecraft safely to Earth. 

   



All the Apollo astronauts, including the ones from the harrowing 
13 mission, came back safely. Astronauts are highly trained 
specialists with backgrounds in aviation, engineering, and science. 
But to launch and operate a space mission, people with a wide 
variety of skills are needed. The Apollo missions—like all space 
missions before and since—were the result of work by tens of 
thousands of people who built and operated the complex 
hardware and software. 

  The Apollo missions also brought back 840 pounds of lunar 
material to be studied on Earth. This allowed scientists on our 
planet to gain a much better understanding of the Moon and 
how it relates to the Earth.

  The last mission to the Moon was Apollo 17, which landed on 
the Taurus-Littrow highlands on December 11, 1972, and stayed 
for three days. When they were 18,000 miles from the Earth, the 
Apollo 17 crew took a photo of the complete Earth, fully lit. This 
photo is known as The Blue Marble and may be the most widely 
distributed photo ever. Since then, no human being has been far 
enough away from the Earth to take such a picture.

 The First Man in Space
   The Apollo missions were not the first time that man had flown 

into space. Soviet cosmonaut Yuri Gagarin, who orbited the Earth 
on April 12, 1961, in the Vostok spacecraft, was the first-ever 
human being in space. 

  Six weeks after Gagarin’s historic achievement, U.S. President 
John F. Kennedy announced that he wanted to land a man on 
the Moon within ten years, and the newly created NASA—the 
National Aeronautics and Space Administration—set to work to 
see if they could match the Russian manned space program, even 
though at that time, NASA had only sixteen minutes of space-
flight experience. The space race—to be the first on the Moon—
had begun!

 



  Mercury, Gemini—and Walking in Space
  Project Mercury, an American single-astronaut program, was designed 

to see if human beings could survive in space. In 1961 astronaut Alan 
Shepard became the first American in space with a suborbital flight of 
fifteen minutes, and the following year, John Glenn became the first 
NASA astronaut to orbit the Earth. 

  NASA’s Project Gemini followed. Gemini was a very important project, 
since it taught astronauts how to dock vehicles in space. It also allowed 
them to practice operations such as space walks—also called EVAs (Extra 
Vehicular Activity). But the first space walk ever performed was by a 
Russian cosmonaut, Alexei Leonov, in 1965. The Russians didn’t make it to 
the Moon, however, with this honor going to the United States in 1969.

 The First Space Stations
  After the race to land on the Moon was over, many people became 

less interested in space programs. However, both the Russians and 
the Americans still had big plans. The Russians were working on a 
supersecret program called Almaz, or Diamond. They wanted to have 
a manned space station orbiting the Earth. After a doomed first 
attempt, the next versions, Salyut-3 and then Salyut-5, were more 
successful, but neither of them lasted for much more than a year. 

  The Americans developed their own version, Skylab—an orbiting space 
station that was in operation for eight months in 1973. Skylab had 
a telescope on board that astronauts used to observe the Sun. They 
brought back solar photographs, including x-ray images of solar flares 
and dark spots on the Sun. 

   A Handshake in Space
   At this time on Earth—the mid 1970s—both the USSR and the U.S. were 

locked into what was known as the Cold War. This meant the two sides 
were not actually fighting a war, but they disliked and distrusted each 
other very strongly. However, in space the two countries began to work 
together. In 1975 the Apollo–Soyuz project saw the first "handshake 
in space" between the two opposing superpowers. Apollo, the U.S. 
spacecraft, docked with Soyuz, the Soviet one, and the American 
astronaut and Russian cosmonaut—who would have had difficulty 
meeting in person on Earth—shook hands with each other.



 The Shuttle
  The space shuttle was a new type of spacecraft. Unlike the craft  

that went before it, it was reusable, designed to fly into space like  
a rocket but also to glide back to Earth and land like an airplane on a 
runway. The shuttle was also designed to take cargo as well as 
astronauts into space. The first U.S. shuttle, Columbia, was launched 
in 1981. 

 The ISS 
  In 1986 the Russians launched space station Mir, which means “world” 

or “peace.” 

  Mir was the first elaborate and large space station ever to orbit the 
Earth. It was built in space over a span of ten years and designed as 
a space laboratory so that scientists could carry out experiments in a 
nearly gravity-free environment. Mir was the size of six buses and was 
home to between three and six astronauts at a time. 

  The International Space Station (ISS) was built in space with its 
construction beginning in 1998. Orbiting the globe every ninety 
minutes, this research facility is a symbol of international cooperation 
with scientists and astronauts from many countries involved both in 
running it and spending time there. The ISS is serviced by a space shuttle 
from NASA, the Soyuz spacecraft from Russia, and the European Space 
Agency’s Automated Transfer Vehicles. The crew also have permanent 
escape vehicles, in case they need to make an emergency exit!

  The Future
  In 2010 the space shuttle will go out of service and the ISS will receive 

supplies and crew from the Russian Soyuz and Progress spacecraft. 

  NASA is developing a new type of spacecraft, called Orion, which it 
hopes will take us back to the Moon and possibly beyond—to the red 
planet, Mars.

  But a totally new type of space travel is also becoming a reality. In the 
future, space tourists may be able to take short, suborbital flights. One 
day, perhaps, we will all be able to take vacations on the Moon! 



HOW SOUND TRAVELS THROUGH SPACE

On Earth there are lots of atoms close together and knocking one another 
around. Giving atoms a kick can make them kick their neighboring atoms, 
and then those atoms kick other atoms, and so on, so the kick travels 
through the mass of atoms. Lots of little kicks can create a stream of 
vibrations traveling through a material. The air covering the Earth’s surface 
consists of a large number of gas atoms and molecules bouncing off one 
another. The air can carry these vibrations, as can the sea, the rock beneath 
our feet, and even everyday objects. We call the vibrations that are the 
right sort to stimulate our ears sound.

It takes time for sound to travel through a material, because an atom has 
to pass each kick on to its neighbors. How much time depends on how 
strongly the atoms affect one another, which depends on the nature of 
the material and other things like the temperature. In air, sound travels 
at around one mile every five seconds. This is about one million times 
slower than the speed of light, which is why the light from a space 
shuttle launch is seen almost immediately by the spectators, while the 
noise arrives a bit later. In the same way a lightning flash arrives before 
the thunder, which is the kick given to the air molecules by the sudden 
and intense electrical discharge. In the sea, sound travels at around five 
times faster than it does in air.

In outer space it is very different. Between stars atoms are very rare, so there 
is nothing to kick against. Of course, if you have air in your spacecraft, sound 
inside it will travel normally. A small rock hitting the outside will make the 
wall of the craft vibrate, and then the air inside, so you might hear that. But 
sounds created on a planet, or in another spacecraft, would not carry to you 
unless someone there converted them into radio waves (which are like light 
and don’t need a material to carry them), and you used your radio receiver to 
convert them back into sound inside your ship.

There are also natural radio waves traveling through space, produced by 
stars and faraway galaxies. Radio astronomers examine these in the same 
way that other astronomers examine visible light from space. Because 
radio waves are not visible, and we are used to converting them into 
sound using radio receivers, radio astronomy is sometimes thought of as 
“listening,“ rather than “looking.“ But both radio and visible-light 
astronomers are doing the same thing: studying types of electromagnetic 
waves from space. There isn’t really any sound from space at all.



TITAN

Titan is the largest of Saturn’s moons and the second largest moon in the 
Solar System. Only Ganymede—one of Jupiter’s moons—is bigger.

Titan was discovered on March 25, 1655, by Dutch astronomer Christiaan 
Huygens. Huygens was inspired by Galileo’s discovery of four moons around 
Jupiter. The discovery that Saturn had moons in orbit around it provided 
further proof for astronomers in the seventeenth century that not all objects 
in the Solar System traveled around the Earth, as was previously thought.

Saturn was thought to have seven moons, but we now know there are at 
least sixty moons in orbit around the giant gas planet.

It takes fifteen days and twenty-two hours for Titan to orbit Saturn—the 
same time as it takes for this moon to rotate once on its own axis, which 
means that a year on Titan is the same length as a day!

Titan is the only moon we know of in the Solar System that has a dense 
atmosphere. Before astronomers realized this, Titan itself was thought to 
be much larger in mass. Its atmosphere is mostly made up of nitrogen with 
a small amount of methane. Scientists think that it may be similar to the 
atmosphere of the early Earth and that Titan could have enough material to 
start the process of life. But this moon is very cold and lacks carbon dioxide, 
so the chances of life existing there at the moment are slim.

Titan may show us what conditions on Earth were like in the very distant 
past and help us understand how life began here.

Titan is the most distant place on which a space probe has landed. On  
July 1, 2004, the Cassini-Huygens spacecraft reached Saturn. It flew by Titan 
on October 26, 2004, and the Huygens probe detached from the Cassini 
spacecraft and landed on Titan on January 14, 2005.

Huygens took photographs of Titan’s surface and found that it rains there!

The probe also observed dry riverbeds—“traces of once-flowing liquid”—on 
the surface. Cassini imaging later found evidence of hydrocarbons.

In billions of years’ time, when our Sun becomes a red giant, Titan might 
become warm enough for life to begin!



SATELLITES IN SPACE

A satellite is an object that orbits—or revolves—around another object, 
like the Moon around the Earth. The Earth is a satellite of the Sun. 
However, we tend to use the word satellite to mean the man-made 
objects that are sent into space on a rocket to perform certain tasks, 
such as navigation, weather monitoring, or communication.

Rockets were invented by the ancient Chinese in around ad 1000. 
Many hundreds of years later, on October 4, 1957, the Space Age 
began when the Russians used a rocket to launch the first satellite 
into orbit around the Earth. Sputnik, a small metal sphere capable of 
sending a weak radio signal back to Earth, became a sensation. At the 
time, it was known as the Red Moon and people all over the world 
tuned their radios to pick up its signal. The Mark I telescope at Jodrell 
Bank in the United Kingdom was the first large radio telescope to be 
used as a tracking antenna to chart the course of the satellite. Sputnik 
was quickly followed by Sputnik II, also called Pupnik because it had a 
passenger on board! Laika, a Russian dog, became the first living being 
from Earth to travel into space.

The Americans tried to launch their own satellite on December 6, 1957, 
but the satellite only managed to get 4 feet off the ground before the 
rocket exploded. On February 1, 1958, Explorer I was more successful, 
and soon the two superpowers on Earth—the USSR and the U.S.—were 
also competing to be the greatest in space. At that time, they were 
very suspicious of each other and soon realized that satellites were 
good for spying. Using photographs taken from above the Earth, the 
two superpowers hoped to learn more about activities in the other 
country. The satellite revolution had begun.

Satellite technology was originally developed for military and 
intelligence reasons. In the 1970s the U.S. government launched 
twenty-four satellites, which sent back time signals and orbital 
information. This led to the first global positioning system (GPS). This 
technology, which allows armies to cross deserts by night and long-
range missiles to hit targets accurately, is now used by millions of 
ordinary car drivers to avoid getting lost! Known as satellite navigation, 
or sat nav, it also helps ambulances to reach the injured more promptly 
and coastguards to launch effective search-and-rescue missions.



Communication across the world was also changed forever by satellites. 
In 1962 a U.S. telephone company launched Telstar, a satellite that 
broadcast the first-ever live television show from the U.S. to Britain 
and France. The British saw only a few minutes of fuzzy pictures, but 
the French received clear pictures and sound. They even managed to 
send back their own transmission of Yves Montand singing “Relax, 
You Are in Paris!” Before satellites, events had to be filmed and the 
film taken by plane to be shown on television in other countries. After 
Telstar, major world events—such as the funeral of U.S. President John 
F. Kennedy in 1963 and the World Cup in 1966—could be broadcast live 
across the globe for the first time. Mobile phones and the Internet are 
other ways in which you might be using a satellite today.

Satellite imaging isn’t used only by spies! Being able to look back 
at the Earth from space has enabled us to see patterns, both on the 
Earth and in the atmosphere. We can measure land use and see how 
cities are expanding and how deserts and forests are changing shape. 
Farmers use satellite pictures to monitor their crops and decide which 
fields need fertilizer. 

And satellites have transformed our understanding of the weather.  
They have made weather forecasts more accurate and shown the 
way weather patterns emerge and move around the world. Satellites 
cannot change the weather but they can track hurricanes, tornadoes, 
and cyclones, giving us the ability to issue severe weather warnings.

In the late 1990s NASA’s TOPEX/Poseidon satellite, which maps the 
oceans, provided enough information for weather watchers to spot 
the El Niño phenomenon. And Jason, a new series of NASA satellites, 
has recently been launched to gather data about the ocean’s role 
in determining the Earth’s climate. This in turn will help us to 
understand climate change better, showing us detailed images of 
the melting polar ice caps, disappearing inland seas, and rising ocean 
levels—information we now need urgently!



Just as satellites can look back at the Earth and transform our 
understanding of our own planet, so they have also changed our 
perception of the Universe around us. The Hubble Space Telescope 
was the first large-scale space observatory. Orbiting the Earth, Hubble 
has helped astronomers to calculate the age of the Universe and has 
shown that it is expanding at an accelerated pace.

There are three thousand satellites in orbit around the Earth, with a 
total coverage of every square inch of the planet. It is getting quite 
crowded out there and can be dangerous. Satellites in low Earth orbit 
move very fast—around eighteen thousand miles an hour. Collisions 
are rare, but when they happen, they make a mess! Even a fleck of 
paint moving at that speed could cause damage if it hit a spacecraft. 
There may be a million pieces of space junk orbiting the Earth, but 
only about nine thousand of these are bigger than a tennis ball.



ALPHA CENTAURI 

At just over four light-years away, Alpha Centauri is the closest star system 
to our Sun. In the night sky it looks like just one star, but is, in fact, a triplet. 
Two Sun-like stars, Alpha Centauri A and Alpha Centauri B—separated 
by around twenty-three times the distance between the Earth and the 
Sun—orbit a common center about once every eighty years. There is a third, 
fainter star in the system, Proxima Centauri, which orbits the other two but 
at a huge distance from them. Proxima is the nearest of the three to us.

Alpha B is an orange star, slightly cooler and a bit 
less massive than our Sun. It is thought that the 
Alpha Centauri system formed around one thousand 
million years before our Solar System. Both Alpha A 
and Alpha B are stable stars, like our Sun, and like 
our Sun may have been born surrounded by dusty, 
planet-forming disks.

In 2008 scientists suggested that planets may 
have formed around one or both of these stars. From a telescope in Chile 
they are now monitoring Alpha Centauri very carefully to see whether 
small wobbles in starlight will show us planets in orbit in our nearest star 
system. Astronomers are looking at Alpha Centauri B to see whether this 
bright, calm star will reveal Earth-like worlds around it.

Alpha Centauri can be seen from Earth’s 
southern hemisphere, where it is one of 
the stars of the Centaurus constellation. 
Its proper name, Rigel Kentaurus, means 
“centaur’s foot.” Alpha Centauri is its 
Bayer designation (a system of star-naming 
introduced by 
astronomer Johann Bayer in 1603).

Alpha A is a 
yellow star and 

very similar to our 
Sun but brighter 

and slightly more 
massive.

Alpha A and 
Alpha B are binary 

stars. This means that if 
you were standing on a 
planet orbiting one of 
them, at certain times 

you would see two  
suns in the sky!



55 CANCRI

55 Cancri is a star system forty-one light-years away from us in the direction 
of the Cancer constellation. It is a binary system: 55 Cancri A is a yellow star; 
55 Cancri B is a smaller, red dwarf star. These two stars orbit each other at 
one thousand times the distance between the Earth and the Sun.

On November 6, 2007, astronomers discovered a record-breaking fifth 
planet in orbit around Cancri A. This makes it the only star other than our 
Sun known to have as many as five planets!

The first planet around Cancri A was discovered in 1996. Named Cancri 
b, it is the size of Jupiter and orbits close to the star. In 2002 two more 
planets (Cancri c and Cancri d) were discovered; in 2004 a fourth planet, 
Cancri e, which is the size of Neptune and takes just three days to orbit 
Cancri A. This planet would be scorchingly hot, with surface temperatures 
up to 2,732 degrees Fahrenheit (1,500 degrees Celsius).

The fifth planet, Cancri f, is around half the mass of Saturn and lies in the 
habitable—or Goldilocks—zone of its star. This planet is a giant ball of 
gas—mostly made of helium and hydrogen, like Saturn in our solar system. 
But there may be moons in orbit around Cancri f or rocky planets within 
Cancri’s Goldilocks Zone where liquid water could exist on the surface.

Cancri f orbits its star at a distance of 0.781 astronomical units (AU). An 
astronomical unit is the measure of distance that astronomers use to talk 
about orbits and distance from stars. One AU = 93 million miles, which is 
the average distance from the Earth to the Sun. Given that there is life  
on Earth and liquid water on the surface of our planet, we can say that 
one AU, or 93 million miles, from our Sun is within the habitable zone of 
our Solar System. So for stars of roughly the mass, age, and luminosity of 
our Sun, we can guess that a planet orbiting its star at around one AU 
might be in the Goldilocks Zone. Cancri A is an older and dimmer star than 
our Sun, and astronomers calculate that its habitable zone lies between 
0.5 AU and 2 AUs away from it, which puts Cancri f in a good position!

It is very difficult to spot multiple planets around a star because 
each planet produces its own stellar wobble. To find more than one 
planet, astronomers need to be able to spot wobbles within wobbles! 
Astronomers in California have been monitoring 55 Cancri for more than 
twenty years to make these discoveries.
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