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Introduction 

As a child I was fascinated by the idea of people from Earth encountering alien lifeforms. I 

was an avid watcher of Star Trek and the British science fiction TV shows Dr Who and 

Blake’s 7.  I am not alone in my fascination – the idea of humans making contact with 

intelligent aliens from other planets has intrigued people for hundreds of years and has been 

taken up by huge numbers of writers and film-makers. Films such as the Star Trek series, 

Star Wars, Close Encounters of the Third Kind, Alien and E.T. have been great successes at 

the box office. 

 

 

An alien from the 1970s BBC TV science fiction series Blake’s 7 

 

This short book is based on material from my popular science blog, 

www.thesciencegeek.org, and discusses the likelihood of there being any intelligent alien life 

in our galaxy, the efforts which have been made to look for these alien life forms and to 

contact them. 
  



 

 

 

Chapter 1 -The Drake Equation and Extraterrestrial 
Intelligent Life 

 

The Earth is one of eight planets which orbit the Sun. The Sun is an ordinary star among the 

400 billion or so stars in our Milky Way galaxy.  The Milky Way itself is an average-size 

galaxy. To me one of the most fascinating questions is this: how likely is it that there are 

other intelligent civilizations within our galaxy? 

 

Our galaxy the Milky Way - Image from ESO 

The picture above shows what our galaxy would look like if we were to look at it face on from 

 a distance of hundreds of thousands of light years away. See notes at the end of the 

chapter for what is meant by a light year. 

 

Drake’s Equation and the seven numbers 



 

 

Frank Drake (1930-) is an American astronomer who is also known as the ‘father of SETI’ – 

the Search for Extra Terrestrial Intelligence. As I'll talk about later in this book, in 1960 

he was the first scientist to conduct a serious search for radio signals from aliens. 

 

 

.   

Frank Drake- Image from Wikimedia Common (Raphael Perrino) 

 

In 1961 he invented an equation to estimate the number of intelligent civilizations within our 

galaxy that we could communicate with, which he gave the symbol N.  To arrive at N, Drake 

multiplied together seven other numbers. 

N =  R*  x  FP  x  NE x FL x FI x FC x L 

 

Drake’s seven numbers are follows: 

� R* is the average number of stars formed per year in our galaxy. This has a value of 

about 10. 

� FP is the fraction of the stars within our galaxy which have a planetary system with one 

or more planets, expressed on a scale of 0 to 1. A value of 1 means that all stars have 

planets. 0 means that no stars have planets. Current estimates are around 0.2 to 0.5. 

� NE is the average number of bodies, either planets or moons of planets, with the right 

conditions to support life. Current estimates for this vary widely, but it is sometimes 



 

 

considered to have a value of 0.4, meaning that out of every 10 stars which have 

planets, 4 have bodies which could support life. 

� FL is the fraction of bodies, with the right conditions to support life, on which life actually 

evolves, expressed on a scale of 0 to 1.  A value of 1 means that on all planets with the 

right conditions life will evolve. There is no consensus among astronomers about the 

value of FL. If, in the future, life is found in other places in our solar system which have 

the right conditions  e.g. Mars, or in the warm underground oceans of Saturn’s 

moon Enceladus then it would be reasonable to assume that, given the right conditions, 

in general life will evolve and FL is nearly 1. 

  

 

A geyser of warm water erupting from an underground ocean on Enceladus - Image 

from NASA 

� FI is the fraction of bodies having life, on which life has evolved into intelligent 

civilisations, expressed on a scale of 0 to 1. Again, there is no consensus among 

astronomers about what this value should be. Enthusiasts for extra terrestrial intelligence 

such as Drake believe that the value is close to 1, meaning that intelligent life will always 

evolve. Others who believe that it was a highly improbable chain of events which led to 

the eventual evolution of man from single celled creatures believe the value is very low. 

� FC is the fraction of bodies with intelligent life which develop a technology that releases 

signs of their existence into space. For example, on Earth TV and radio signals escape 

into space and could be picked up by a nearby alien intelligence with a sensitive 

enough receiver tuned to the right frequency. No one knows what the value of FC is, but 

current estimates are around 0.2. 



 

 

� L is the average lifetime of a civilisation in years. This could be very short if civilisations 

end up destroying themselves once they have discovered nuclear weapons – or it could 

be hundreds of millions of years. 

 

The Optimists’ View. 

As said previously, no one really knows what the values of most of the terms in the Drake 

equation are. If we go for values at the high end (FP= 0.5, NE=0.4, FL=1, FI=1, FC=0.2, 

L= 100 million) then we get the following: 

 N = 10 x 0.5 x 0.4 x 1 x 1 x 0.2 x 100,000,000 

 

which works out as 40 million intelligent communicating civilisations in our galaxy! 

One of the problems with such a large number is that we would expect a significant fraction 

of civilisations to be more advanced than us. Humans have only been civilised for a few 

thousand years and have already travelled into space.  If a civilisation had been around for 

more than 1 million years, for example, it is likely that they would have developed the ability 

to travel the vast distances to other planetary systems and would have already attempted to 

make contact with us. The fact that they haven’t may mean that civilisations much more 

advanced than us are rare and the true figure of N is relatively low. 

Indeed for over fifty years, since the pioneering work of Drake in 1960, astronomers have 

been looking for radio signals from nearby civilisations over a wide range of radio 

frequencies and have failed to find anything. 

Could we be alone? 

Other astronomers believe that some of the values in the Drake equation are very low. There 

are a large number of steps which occurred between the emergence of the first primitive 

single-celled life forms and the evolution of man. Each of the individual steps may have a 

very low probability. It may well be the case that FI, the probability of life evolving into 

intelligent civilisations, is extremely small. Some evidence supporting a low value of FI is that 

for most of the Earth’s 4.5 billion year lifetime there were only single-celled organisms and 

perhaps on most planets where there is life, it never gets beyond this point. 

Another point is that mammals only became the dominant life form after the extinction of the 

dinosaurs 65 million years ago. Before that large small-brained reptiles were the dominant 

life form. Having greater intelligence does not always give an advantage over other traits 

such as size, speed and physical strength in the survival of the fittest.  There is therefore no 

guarantee that evolution will result in life forms with the intelligence necessary to develop 

civilisations. 

In addition, dramatic events such as sudden changes in climate can cause any species to 

become extinct. Roughly 70,000 years ago, an enormous eruption occurred in what is now 

Sumatra, leaving behind Lake Toba. This triggered a major environmental change which 



 

 

caused the near extinction of the human race. At one stage there were only 2000 individual 

humans alive on the planet.  

 

 

Lake Toba, site of a supervolcano eruption 70,000 years ago – Image from Wikimedia 

Commons 

For these reasons, some scientists, such as the British theoretical physicist and popular 

science writer John Barrow, believe that FI could be around 0.000000001 or even lower. If it 

were this low, and we take low values for some of the other numbers in the Drake equation 

as shown below: 

(FP= 0.2, NE=0.4, FL=0.1, FI=0.000000001, FC=0.2, L= 1million)  

 

then  N = 10 x 0.4 x 0.1 x 0.000000001 x 0.2 x 1,000,000 

 

In this case, N, the expected number of intelligent communicating civilizations in the galaxy 

would be the very low figure of only 0.000016. What this means that if we took 60,000 

galaxies similar to our own Milky Way we would on average expect to find only one 

communicating civilisation. Ourselves! 

If this is the case then the Earth would not be just be an ordinary planet orbiting an ordinary 

star in an ordinary galaxy, it would be a very special place indeed, for it would be the only 

place for tens of millions of light years where intelligent life exists. 

 

Notes 

When measuring the vast distances to stars astronomers sometimes use a unit called a light 

year, which is often abbreviated to ly. One light year is the distance light travels in a year and 

is equal to 9.46 trillion (9,460,000,000,000) km. The distance from the Earth to the Sun is 

0.000016 light years and the distance to the nearest star other than the Sun is 4.2 light years 

away. The distance to the centre of our galaxy is 26,000 light years and our galaxy itself is 

100,000 light years in diameter. 
  



 

 

Chapter 2 -SETI 

As I discussed in the previous chapter the search for signs of extraterrestrial life has caught 

the interest of many people for a very long time, and the specific search for signals from 

other life forms has been a particular source of fascination over the last 50 years. 

In the 1997 movie Contact Jodie Foster’s character detects an alien broadcast from a nearby 

star while listening to radio signals.  It was a huge box office hit. 
 

 
Poster for the 1997 Warner Bros. film Contact 



 

 

 

In the poster above you can see that Jodie Foster is wearing a pair of headphones. 

However, I’m sorry to disappoint you, but astronomers do not actually sit around looking cute 

and wearing big headphones. All analysis is done by computers which monitor millions of 

channels simultaneously, but this wouldn’t make such a good movie! 
 
What types of signals are we looking for? 

The search for extraterrestrial intelligence (SETI) is almost entirely carried out using the 

large radio telescopes which are used to identify and examine astronomical objects like 

galaxies, gas clouds or stars.  These astronomical entities transmit radio signals over a wide 

range of frequencies at the same time, and this can be clearly picked up and identified by 

the powerful telescopes.  Astronomers have, however, reached a consensus that an alien 

civilisation trying to make contact with other life forms would be likely to transmit radio 

signals at one particular frequency, rather like a radio station.  The other characteristic of a 

deliberate attempt at communication would be that the signals contained some identifiable 

patterns.  Signals from something like a galaxy, star or gas cloud would not contain any 

such patterns or information. 

 
Radio waves from a natural source such as a gas cloud (A) are spread over a much 
larger range of frequencies than an artificial broadcast such as a radio message (B). 
 
Essentially there are two types of signal we could in theory receive from an extraterrestrial 
intelligence. 

1. A signal which has been sent out by an alien civilisation not intended to be received by 

us. Radio and TV signals generated by humans on Earth escape into space and have 

been slowly spreading out in all directions into a larger and larger volume of space since 

the first radio transmissions over 100 years ago. If another civilisation elsewhere had 

developed similar technologies, we could in theory pick up these signals here on earth. 

 However, with our current technology these signals would just be too weak to pick up on 

Earth, even from the nearest stars. So sadly we cannot yet tune into alien TV 

broadcasts ;-) – but maybe we will be able to do so in the next ten years or so – if there 

is anyone out there sending them! 



 

 

2. A signal sent by an alien civilisation using a powerful transmitter, deliberately beamed at 

the Earth, with the intention of letting us know that they are there and probably revealing 

information about itself.  (Although we cannot possibly know for certain what another 

civilisation would choose to disclose, we could perhaps speculate that it would contain 

similar information to the message that we ourselves broadcast into space from the 

telescope in Arecibo in 1973, in the hope that extraterrestrial beings might hear and 

understand it.  I will talk about this at a later date.)   This second type of signal would be 

many millions of times stronger than the first type and could be picked up from stars up 

to one thousand light years away with our existing technology.  (See notes at the end for 

what is meant by a light year.) Deciphering such a message constructed by an alien 

intelligence might prove to be incredibly difficult, but there would be no shortage of 

people who would be happy to devote their entire life to carrying out this amazing task. 

 

 
 
 
The second type of signal (B) is many millions of times stronger than the first type (A) 
because all the energy is concentrated in a narrow beam. 
  

Drake’s Experiment 

The first search for radio signals from alien civilisations was performed by a team led by one 

of the pioneers of SETI, Frank Drake in 1960.  Drake’s team used a radio telescope with a 

diameter of 85 feet (26 metres) to examine two nearby Sun-like stars that he thought could 

have planets with intelligent life. He decided to search for signals at a wavelength of 21 cm, 

which is the wavelength of the radio waves emitted by hydrogen gas. Because hydrogen is 

the most common element in the universe and the 21 cm radio waves easily pass through 

the atmosphere of the Earth and any other Earth-like planets, Drake thought that this would 

be the wavelength that aliens would naturally use to transmit messages to us. 

In total he scanned 4,000 narrow radio channels over a four month period. When the data 

was analysed no detectable alien signals were found. 



 

 

 
The telescope in Greenbank West Virginia used by Drake in 1960 to look for 
extraterrestrial signals. – Image credit NRAO 
 
Later Searches 

Since Drake’s project there have been a large number of searches for signals from 

extraterrestrial civilisation by astronomers from many countries in the world. Over the years 

the sensitivity of the searches has improved by using larger telescopes and cooling the 

receivers to very low temperatures, which cuts out some of the background noise generated 

by the telescope itself. This has meant that, when using the largest telescope such as the 

305 metre dish in Arecibo, Puerto Rico, we can now look for signals out to the 

aforementioned distance of about 1,000 light years. Improvements to electronics have 

allowed more channels to be scanned at the same time. 



 

 

 
 
The giant radio telescope in Arecibo, Puerto Rico- Image from US Government (The 
Science Geek took some of the observations for his PhD here in the 1980’s :) ) 
 

For example, from 1995 to 2004, a study known as Project Phoenix conducted observations 

with telescopes in New South Wales in Australia, Green Bank in West Virginia, and Arecibo. 

The project observed around 800 sun-like stars over wavelengths between 10cm and 30cm. 

Around 2 billion narrow channels were analysed for signals. When the project concluded in 

2004, no extraterrestrial signals had been detected, leaving the project leader to conclude 

that the Earth must be in a quiet corner of the universe. 

 
Funding 
 

Funding for SETI has always been limited. Compared to activities such the space 

programme, the amount of public money made available has been very small. Until the Allen 

telescope (see below) was completed there was no radio telescope allocated for SETI. SETI 

researchers had to compete for time on telescopes used for conventional radio astronomy. 

In general conventional radio astronomy has always been given priority. 

In 1994 Congress cancelled all public funding for SETI, believing it to be a waste of money. 

For this reason Project Phoenix and many subsequent studies have been privately funded 

by the non-profit making SETI institute (www.seti.org). 

 
The Allen Telescope 

SETI finally got its own telescope when the Allen telescope (www.seti.org/ata) was built in 

California. It is named after Paul Allen, the co-founder of Microsoft, who has contributed 



 

 

more than $30 million of his own money to the project. It currently consists of 42 separate 

dishes, each 6.1 metres in diameter and  there are plans to increase the number of dishes to 

350 over the coming 5-10 years. 

 

The signals from the individual dishes are combined to give the same sensitivity as a large 

single dish telescope at a fraction of the cost. The Allen telescope, which started operation in 

2009, will be used for both conventional radio astronomy and for SETI.  Unlike other 

telescopes, rather than having to look at an object multiple times to cover different 

wavelengths it allows a large number of channels to be searched at the same time over the 

3-cm to 30-cm wavelength range.  This greatly speeds up the search. Over the coming 

decade it will survey 1,000,000 stars for non-natural extraterrestrial signals with enough 

sensitivity to detect a strong signal out to 1000 light-years. 

 

 
 
Some of the 42 individual telescopes which make up the Allen telescope. 
 

Will we find anything? 

Despite over fifty years of searching, no extraterrestrial signal has ever been detected. It is 

becoming clear that the locality of our own galaxy is not full of advanced civilisations 

communicating with each other! My own feeling is that the large searches performed by the 

Allen telescope over the coming decade won’t find anything and that we will come to the 

realisation that intelligent communicating civilisations are rare. 

As I said at the end of  the previous chapter I think that  the Earth is not just an ordinary 

planet orbiting an ordinary star in an ordinary galaxy, but rather a very special place indeed, 

for it is the only place for tens of millions of light years where intelligent life exists. 

. 

 
  



 

 

Chapter 3- Messages from Earth 

Sending Messages to be picked up by alien civilisations is called METI (Messaging to 

Extraterrestrial Intelligence) and is an activity which has taken place with increasing 

frequency over the past few decades. Advocates of METI argue that in addition to searching 

for extraterrestrial signals we can increase our chances of making contact with aliens by 

sending messages to stars which have planets on which intelligent life may have evolved. 

 The alien life forms, if they receive our signal from Earth, should recognise it as a message 

from another civilisation and, in theory at least, be able to extract the information contained 

in the message. 

One of the challenges of such a message is writing it in such a way that it could be 

understood by an alien civilisation receiving it. The recipients would have no knowledge of 

Earth or of any of its culture and would in it all likelihood look and act very different from 

human beings. 

The difficulties faced when trying to decipher a message in an unknown language are 

illustrated by the hundreds of stone tablets on the Greek island of Crete written in a 

language which archaeologists call Linear A. All these tablets were produced around 3,500 

to 4,500 years ago (roughly the time of ancient Egyptian civilisation) but nobody has 

managed to decipher them. Most of the letters in the Linear A alphabet appear in no other 

known language. Huge efforts have been made over the years to decipher the Linear A, but 

to no avail.  What is needed is a clue like the Rosetta Stone, which contains the same text in 

three different languages and its discovery provided the key to finally understanding 

Egyptian hieroglyphics. 

 

 
A Stone tablet with an inscription written in Linear A -Image from Wikimedia 
Commons (Ursus) 
 
Frank Drake and The Arecibo Message 

The first and the most famous message sent from Earth intended for alien civilisations was 

the Arecibo Message. This message was constructed by Frank Drake  who, as mentioned 



 

 

previously, was one of the pioneers of the search for extraterrestrial intelligence.Drake 

decided to convey basic information about humanity by sending a simple picture which 

someone receiving the message could easily construct. The message was transmitted from 

the Arecibo telescope at a wavelength of 12.6 cm and consisted of a sequence of 1,679 

zeros and ones (see the notes at the end of this chapter for more details). The number 1,679 

was chosen because its only factors (numbers which divide into it without giving a 

remainder) are 23 and 73. Drake felt that when the message was interpreted by an alien 

civilisation they would naturally write out the message in a 23 by 73 or a 73 by 23 grid. 

Understanding the message 

The message consists of seven separate components. This is shown more clearly if we 

colour code the different parts of the message as shown below. 

 
  

The Arecibo Message colour-coded -Image from Wikimedia Commons.  
 



 

 

The message is written out in a grid of 73 rows and 23 columns, which is the way it 

was intended to be read. All the 0's in the message are coded black. The 1's in the message 

are colour coded to show which of the seven components they belong to.  A civilisation 

receiving this message would have to work out the components themselves. 
 

Component 1 - Numbers  

The white blocks at the top show the numbers from one to ten. To understand how to 

read these numbers from the white blocks see the notes at the bottom of the chapter. 
 
Component 2- Chemical Elements 

The purple blocks give the numbers 1, 6, 7, 8 and 15. These are the atomic numbers of 

the elements hydrogen, carbon, nitrogen, oxygen, and phosphorus, which make up DNA. 

DNA holds the genetic information of all living organisms found on Earth except viruses. 

If the civilisation reading this message had their genetic information held in a similar way 

then this part of the message should make sense to them. 

 
Component 3 - DNA Building Blocks Formulae 

The green blocks give the chemical formulae, i.e. the number of atoms of hydrogen, 

carbon, nitrogen, oxygen and phosphorus of each of the basic building blocks of DNA. 
 
Component 4 - The Double Helix 

The blue blocks in the middle show the double helix which is the basic structure of DNA.  

Superimposed upon this are the white blocks which show a massive 

number approximately 4.3 billion which is the number of basic building blocks in DNA. 
 
Component 5 - Humans 

The red figure shows a graphic of a human.  To its left, in white, is a number which gives 

the height of an average human. Clearly this could not be expressed in any Earth-based 

units such as metres or feet and inches, because these would not make sense to an 

alien civilisation. Drake thought the only natural unit to use was multiples of the 

wavelength the Arecibo message was transmitted on (12.6 cm).  So the value given is 14 

because 12.6 cm multiplied by 14 gives 176.4 cm the aforementioned average height of 

a human. In white, to the right of the human, is a very large number, just over 4 billion, 

which was the human population of Earth when the message was transmitted. 
 
Component 6 Solar System, The Sun and the Earth 

The yellow blocks near the bottom show a plan of the Sun and the nine planets – the 

Solar System. The third block is raised to indicate which of the planets the message is 

coming from. Interestingly, this is now rather out of date as there are now considered to 

be only eight planets. Since 2006 Pluto has no longer been classified as a planet 

because of its very small size. 
 
The Telescope 



 

 

The bottom of the message shows a picture of the Arecibo telescope and a number 

giving its diameter in multiples of 12.6 cm. 
 

Transmission 

The message was transmitted on 16 November 1974 and was aimed at a globular cluster, a 

dense collection of stars, about 25,000 light years away. It was sent a total of three times. It 

will take about 25,000 years to reach the position where its target was in 1974, by which time 

the original target will have moved, although, in theory, it could be intercepted by any alien 

civilisation along the way. 

The Arecibo message was re-sent to 8 nearby stars, which were known to have planets, in 

1999 and 2003. 

Subsequent messages to alien civilisations 

In addition to the Arecibo message there have been a number of other attempts to send 

messages to extraterrestrial civilisations. Perhaps the most famous was the “A Message 

from Earth” transmission. This was sent in October 2008 towards Gliese 581c, an Earth-

like planet which orbits the star Gliese 581, and is  about 20 light years from Earth. The 

message is a digital time capsule containing 501 different messages that were selected 

through a competition on the social networking site Bebo. It contained a variety of 

information, such as details about the contributors’ own lives and ambitions and images of 

famous landmarks and famous people – for more information see the following link. 

 

 http://www.telegraph.co.uk/news/newstopics/howaboutthat/3166709/Messages-from-Earth-

sent-to-distant-planet-by-Bebo.html 
 



 

 

 
The large radiotelescope used to transmit “A Message from Earth” – Image from 
Wikimedia Commons 
 

I think that if an alien civilisation on Gliese 581c were to receive this message they would 

find it impossible to decipher.  For one thing, most of the text messages are in English! 

However Seth Shostak, an astronomer who has long been involved in SETI, believes that 

whether or not aliens who might receive the messages would understand them is beside the 

point. They would at least recognise that there was some sort of message coming from 

Earth. In 2008 he told the BBC: 

“The point might simply be: well, here we are; we’re clever enough to build a radio 
transmitter”. 

In Summary 

As yet although numerous messages have been sent from Earth we have not received a 

reply. This might be expected given the vast distances involved. For example, if  “A Message 



 

 

from Earth” reaches its target, and the alien civilisation decides to reply by sending a 

message back to Earth we will not hear anything before the year 2049. 

Another very interesting point to make is that it may not be a good idea to draw the attention 

of a very advanced civilisation to ourselves. Indeed in a 2010 documentary the British 

theoretical physicist Stephen Hawking said: 

“We only have to look at ourselves to see how intelligent life might develop into something 

we wouldn’t want to meet,” …. “I imagine they might exist in massive ships … having used 

up all the resources from their home planet. Such advanced aliens would perhaps become 

nomads, looking to conquer and colonize whatever planets they can reach.” 

He went on to say that a visit by extraterrestrials to Earth might well be like Christopher 

Columbus arriving in the Americas, “which didn’t turn out very well for the Native Americans.” 

 

 
Stephen Hawking -Image from NASA 

 

Opinions vary widely amongst astronomers about how widespread intelligent life is. My view 

is that we won’t ever hear any replies from any of these messages. I am convinced  by the 

argument that although life may be common in our galaxy, intelligent life leading to advanced 

civilisations is very rare and we are very likely to be the only such civilisation in our galaxy. 

Notes 
1) Content of the Arecibo Message in zeros and ones 
As stated above the message consists of a series of 1,679 zeros and ones. The number 
1,679 is equal to 23 multiplied by 73 and if we arrange the 1679 zeros and ones into a grid 
of 73 rows by 23 columns we get the following: 

  

00000010101010000000000 

00101000001010000000100 

10001000100010010110010 



 

 

10101010101010100100100 

00000000000000000000000 

00000000000011000000000 

00000000001101000000000 

00000000001101000000000 

00000000010101000000000 

00000000011111000000000 

00000000000000000000000 

11000011100011000011000 

10000000000000110010000 

11010001100011000011010 

11111011111011111011111 

00000000000000000000000 

00010000000000000000010 

00000000000000000000000 

00001000000000000000001 

11111000000000000011111 

00000000000000000000000 

11000011000011100011000 

10000000100000000010000 

11010000110001110011010 

11111011111011111011111 

00000000000000000000000 

00010000001100000000010 

00000000001100000000000 

00001000001100000000001 

11111000001100000011111 

00000000001100000000000 

00100000000100000000100 



 

 

00010000001100000001000 

00001100001100000010000 

00000011000100001100000 

00000000001100110000000 

00000011000100001100000 

00001100001100000010000 

00010000001000000001000 

00100000001100000000100 

01000000001100000000100 

01000000000100000001000 

00100000001000000010000 

00010000000000001100000 

00001100000000110000000 

00100011101011000000000 

00100000001000000000000 

00100000111110000000000 

00100001011101001011011 

00000010011100100111111 

10111000011100000110111 

00000000010100000111011 

00100000010100000111111 

00100000010100000110000 

00100000110110000000000 

00000000000000000000000 

00111000001000000000000 

00111010100010101010101 

00111000000000101010100 

00000000000000101000000 

00000000111110000000000 



 

 

00000011111111100000000 

00001110000000111000000 

00011000000000001100000 

00110100000000010110000 

01100110000000110011000 

01000101000001010001000 

01000100100010010001000 

00000100010100010000000 

00000100001000010000000 

00000100000000010000000 

00000001001010000000000 

01111001111101001111000 

 
2) How to read the numbers in the message 

 
  

The first four rows show the numbers from 1 to 10  in binary format. The fourth row marks 

the beginning of each number and is to be ignored.  The first, second and third rows give the 

value of the number as shown in the table below. 

  



 

 

 
  

  

row 1 column 2 0 0 0 0 0 0 0 0 0 0

row 2 column 2 0 0 0 0 0 0 0 0 0 0

row 3 column 2 0 0 0 0 0 0 0 1 1 1

row 1 column 2 0 0 0 1 1 1 1 0 0 0

row 2 column 2 0 1 1 0 0 1 1 0 0 1

row 3 column 2 1 0 1 0 1 0 1 0 1 0

Decimal Number 1 2 3 4 5 6 7 8 9 10

Values

equivalent to



 

 

 

Chapter 4 New Horizons, Voyagers and Pioneers 

On 14 July 2015 the New Horizons Spacecraft flew past the dwarf planet Pluto which lies on 

the edge of our Solar System. This feat was the culmination of a nine and half year voyage 

which started when it was launched, back in January 2006. The spacecraft sent back some 

amazing images which hit the headlines around the world. 

 

 
 

Artist’s Impression of New Horizons passing Pluto – Image from NASA 

The next phase of its mission now it has passed Pluto will be to fly past one or two 

more dwarf planets which lie beyond the orbit of Neptune. It will then leave the solar system 

into interstellar space, the fifth spacecraft to do so since the launch of Sputnik 1 in 1957, 

which marked the beginning of the space age. Like the other four spacecraft, New Horizons 

has a number of artefacts from Earth aboard, to allow for the extremely remote possibility it 

is found by an intelligent civilisation in the distant future. This chapter discusses these 

artefacts and the spacecraft they are carried on. 

The Pioneer Missions 



 

 

On 3 March 1972 Pioneer 10 was launched from Cape Canaveral on its mission to become 

the first spacecraft to fly past Jupiter, which it did in November 1973. After passing Jupiter it 

continued its journey to the edges of the solar system and beyond, becoming the first of the 

 five spacecraft which have passed beyond the orbit of the outermost planet Neptune. 

 
Pioneer 10 passing the giant planet Jupiter in 1973- Image from NASA 
 

When it leaves the Solar System, Pioneer 10 will drift through interstellar space getting 

further and further from the Sun. The spacecraft could last for millions, possibly even billions, 

of years and could in theory be recovered by an alien civilization. 

In case that should happen, Pioneer 10 carries a simple plaque, shown below. This is 

designed to tell intelligent beings from another planet where the spacecraft had come from 

and give them some basic information about humanity. 

 

 
The Pioneer plaque- Image from NASA 



 

 

The Pioneer plaque was designed by Carl Sagan (1934-96) and shows four relatively simple 

things, which he hoped an alien civilisation would understand. 

� On the top left is a diagram of a hydrogen atom. Hydrogen is the most common element 

in the Universe and emits radiation naturally at a wavelength of 21-cm, when it moves 

from one state to another. Sagan felt that any intelligent civilisation would know this and 

understand this diagram. 

� On the right is a figure of a man and woman. The man has his hand raised in a gesture 

of friendship, although there is no way of knowing whether an alien race would correctly 

interpret this.  The figures have caused some controversy – some have objected to the 

lack of clothing, whereas others, much more significantly, feel that the fact that both 

figures are clearly Caucasian does not fairly represent humankind. 

� Behind the figures is a diagram of the spacecraft. The man, woman and spacecraft are 

all drawn to the same scale. An alien race could therefore figure out how large we are. 

� At the bottom is a diagram of the Sun and nine planets. The arrow indicates which planet 

the spacecraft has come from. Pluto still features in the diagram, as its demotion to a 

dwarf planet only occurred in 2006! 

 

The fifth item on the plaque is the diagram with 15 lines coming out of it and was devised by 

Frank Drake, who as mentioned before was one of pioneers of SETI. The centre of the 

diagram, from which the lines radiate, represents the Sun.  The right-hand end of the longest 

line (at 3 o’clock) represents the centre of the galaxy.  The end of each of the remaining lines 

represents an object called a pulsar.  Pulsars are rapidly rotating objects which emit radio 

waves in regular pulses a few seconds or fractions of a second apart. You will notice that the 

lines to the pulsars are not smooth – you will see these more clearly if you use the zoom 

facility to zoom in – and the marks drawn on the lines depict the length of the pulsar period in 

time units that an alien might understand.  The alien civilisation could then have sufficient 

information to identify the fourteen pulsars, and thus the location of our Sun and then the 

Earth.  If you are interested, there are additional notes at the bottom of this chapter 

explaining the technicalities of this. 
 

An identical plaque was sent out in April 1973 on the spacecraft Pioneer 11.  This went past 

Saturn as well as Jupiter and, like Pioneer 10, is currently well beyond Neptune and on its 

way out of the Solar system and heading out into interstellar space. 

 

The Voyager missions 

The next spacecraft launched to leave the solar system were the two Voyagers.  Voyager 1 

was launched on 5 September 1977 and, like Pioneer 11, flew past Jupiter and Saturn. 

Voyager 2 actually set off a couple of weeks earlier, on 20 August, on a mission to fly past 



 

 

all four outer planets – Jupiter, Saturn, Uranus and Neptune, Each Voyager contained a 

golden record, the cover of which is shown below. 

 

 

The Cover of the Golden Record- Image from NASA 

 

You will notice right away Drake’s pulsar map and the hydrogen atoms, but perhaps less 

obvious are a picture of the record itself plus instructions for playing it.  These 

instructions use symbols which Sagan hoped aliens would understand. 

 

 
 
 
The Golden Record itself- Image from NASA 

 



 

 

The record itself, entitled ‘The sounds of Earth’ includes: 

� greetings in 55 different languages, 

� natural sounds and some music from Earth 

� 116 pictures of a variety of objects such as: the planets in the solar system, human 

anatomy, groups of children, important landmarks, interesting places, and man-made 

structures such as airports, large telescopes, the Golden Gate Bridge in San Francisco, 

and an American highway in the rush-hour. 

� a printed message from the then United States president Jimmy Carter, part of which is 

given below: 

“…This is a present from a small different world, a token of our sounds, our science, 

our images, our music, our thoughts, and our feelings.  We are attempting to survive 

in our time so that we may live into yours. We hope someday, having solved the 

problems we face, to join a community of galactic civilisations. This record represents 

our hope and our determination and our goodwill in a vast and awesome universe.” 

 

Where are the space probes now? 

The table below shows where the four spacecraft were on 1 July 2015. However, the 

location given for the Pioneer spacecraft is only an estimate, as they are no longer in contact 

with Earth.  There are two possible reasons for this.  Either their power supply has run out, 

or the radio transmitter is no longer lined up with the Earth and is beaming out signals in a 

completely different direction.  We can therefore only guess where they are, based on their 

last known location, as they are too small and faint to see with any telescope. The Voyager 

spacecraft are still in contact and should have enough power to continue transmitting 

messages back to the Earth until the mid 2020s, but after that we will have to rely on 

projections for them too. 

 
 

In the table, the distance to the probes on 1 July 2015 and 1 Jan 2115  is given both in 

kilometers and astronomical units (AU). 1 AU is the average distance from the Earth to the 

Sun and is equal to just under 150,000,000 km. For comparison the outermost planet 



 

 

Neptune is about 30 AU from the Sun and the nearest star about 250,000 AU away. The 

speed column shows how fast the spacecraft are moving away from the Sun in AU per year. 

 
What objects are carried on New Horizons? 

New Horizons doesn’t have any golden records, plaques or maps to tell an alien civilisation 

where it came from. Instead, it carries the following nine objects from Earth. 

� Some of the cremated ashes of the astronomer Clyde Tombaugh (1907-1998), who 

discovered Pluto 

� A CD with the names of 434,000 people who submitted their details to the project team – 

I would have loved to do this myself, had I only known about it in time! 

� A CD with the pictures of some of the staff who worked on the spacecraft 

� Two quarters (25 cent coins) from Florida and Maryland, where the spacecraft was built 

and launched 

� A small piece of SpaceShipOne, the first privately funded spacecraft to fly into space 

� Two US flags 

� A 1991 US postage stamp proclaiming, “Pluto: Not Yet Explored”. 

The reason for there being nine objects is that Pluto was still considered to be the ninth 

planet from the Sun at the time the mission was being planned.  In August 2006  the 

International Astronomical Union (IAU) downgraded the status of Pluto to that of dwarf 

planet,  on the grounds of it being extremely small. Its mass is only a tenth of that of our 

Moon. It is ironic that the planet was demoted the very same year the mission was launched. 

 
 
 
Relative sizes of the Earth, the Moon and Pluto.   
 
 



 

 

Will any of the objects ever reach their intended recipients?   

Even astronomers who think that alien life is widespread within our galaxy think that it is 

very unlikely, given the vastness of space, that any of these five spacecraft will ever reach 

an alien civilization able to recover the objects sent for their perusal.  The spacecraft are 

small and their power sources will have long since died, thus making them unable to transmit 

a signal which could be picked up. 

I personally believe that we are alone in the galaxy.  If I am right,  there is no alien race in 

existence to find the objects, let alone one intelligent enough to decipher them. 

More likely, but still incredibly unlikely in my opinion, is the possibility that in the far distant 

future, long after the Voyagers, the Pioneers and New Horizons have been forgotten, 

mankind itself may leave Earth and colonise planets around other stars, and in millions of 

years time our descendants could discover one of these craft and its contents. It is 

fascinating to think about what they would make of them. 

In popular culture 

The Pioneer plaque and the Voyager golden record have made numerous appearances in 

popular culture including science fiction series such as Star Trek, Buck Rogers and the X-

files. 

In an episode of ”The Simpsons”.  The Pioneer plaque is shown with an alien holding the 

plaque upside down struggling to make sense of it! 

  

Notes 
  
Drake's  pulsar diagram 

Clearly Earth-based units of time such as seconds would be meaningless to an alien. 

Therefore Drake used the transition of a hydrogen atom, which is shown on the plaque, to 

create a time unit he hoped an extraterrestrial race would understand. 

When a hydrogen atoms flips from one state to another it emits radio waves at a wavelength 

of 21.1 cm.  A wavelength of 21.1 cm corresponds to a frequency of 1,420,406,000 cycles 

per second. Or put another way each individual cycle corresponds to a time interval of 0.000 

000 000 704 seconds. All the pulsar periods are expressed in multiples of this fundamental 

time interval. 

  



 

 

And Finally.. 

 

I hope you have enjoyed reading this short book. If you have any questions or comments my  
contact details are on my website www.thesciencegeek.org. 

 

 
 

 

 


