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About the Science Geek 

The Science Geek has a PhD in astronomy and lives in Manchester in the North West of 
England. The Science Geek writes a popular science blog http://thesciencegeek.orgabout 
various scientific topics, mainly astronomy. It is written in a style that it is easily 
understandable to the non scientist. 

 

 

 

I would like to thank my wife Julia Marwood for providing me with the inspiration to write this book  
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1. Introduction 

 

To mark the 45th anniversary of the first manned Moon landings, in the summer of 2014 I 
decided to write a few posts about the Moon. I have put them together in this short e-booklet. 

I hope you enjoy reading it and, if you've not done already, you take a look at my other posts 
on www.thesciencegeek.org. As always, please let me know if you have any comments on 
this book or any of my other posts. My contacts details are on my website: 
www.thesciencegeek.org   

 

The Science Geek  

May 2015. 
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2. Our Nearest Neighbour 

 

 
Overview 
Our nearest neighbour in space, the Moon is by far the largest and the most noticeable 
object in the night sky. It has fascinated humans since the beginning of history, because it is 
close enough for surface features to be clearly seen with the naked eye. Up until the dawn of 
the scientific age, many thinkers thought there might be life on the moon. Indeed, the darker 
areas of the moon are called ‘maria’ – from the Latin for sea – because early 
astronomers thought the moon was partially covered in seas and oceans. 

Phases of the moon 
To anyone who has observed the moon for a while, the phases of the moon are noticeable. 
Starting with a new moon, when the Moon is not visible, over a 29.5 day cycle the sunlit part 
of the Moon gets larger or waxes through to a crescent phase to a half moon (known as the 
first quarter) to a full moon, when the whole moon is illuminated.  It then gets smaller 
or wanes back to a half moon (known as the last quarter), then to a crescent and then finally 
to a new moon. 
 

 
 
 
Image from NASA 

This 29.5 day cycle was used in many calendars throughout history and forms the basis of 
the month. 

An Odd Coincidence 
The Moon is roughly 400 times smaller in diameter than the Sun, but by coincidence it is 
also approximately 400 times closer to the Earth than the Sun. This means that, when 
viewed from Earth, the Sun and the Moon appear to be almost exactly the same size. 
In fact it is not quite as simple as that. The Earth’s orbit around the Sun and the Moon’s orbit 
around the Earth are both elliptical – oval-shaped rather than circular.  This means that the 
apparent sizes of the Sun and the Moon as seen from Earth vary and appear to be larger 
when they are nearer to the Earth. Therefore: 

• at certain times the Moon will appear to be slightly larger than the Sun  

• and at other times it will appear to be slightly smaller than the Sun. 
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A total eclipse, when the Moon completely obscures the Sun can only occur when the Moon 
appears to be larger than the Sun. 

 
The Moon covering the Sun in a total solar eclipse (image from NASA) 
 
When the Moon appears to be smaller than the Sun, a total eclipse is not possible. Instead 
we can only see an annular eclipse, shown below. 

 

An annular eclipse- image provided by Smrgeog 

In fact the Moon is slowly getting further away from the Earth so in the far future there will be 
no total eclipses visible on Earth. I will say more about this in a later chapter. 

The Near and Far Sides of the Moon 
Anyone who has observed the moon will have noticed that it appears not to rotate. In fact it 
does rotate but it rotates in exactly the same period of time it revolves around the Earth, as 
shown below: 
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The Moon’s Rotation 
 

As you can see in the diagram, one side of the moon, the side marked with the arrow, 
always faces the Earth. The other side of the Moon, shaded dark grey, is known as the “far 
side” and always faces away. Throughout history the far side of the moon remained an 
enigma because it is completely invisible from Earth and for this reason it is sometimes 
called the “dark side of the moon”, even though it gets exactly the same amount of sunlight 
as the near side. 

It was only in 1959 that the first images of the far side were taken by the Lunik 3 Soviet 
space probe. These caused immense excitement around the world. These and subsequent 
pictures showed that far side looks very different from the near side. It has a battered, 
heavily cratered appearance with few maria. 
 

 
The Near and Far sides of the Moon (image from NASA) 
 
The Far Side of the Moon and Conspiracy Theories 
Because the far side of the moon is completely hidden from any Earth-based telescope, it 
has provided a fertile breeding ground for conspiracy theorists. Indeed, the UFO casebook 
website (http://www.ufocasebook.com/moon.html) claims not only that there is a huge alien 
base on the far side of the moon but also that it was spotted by the Apollo astronauts who 
were then told by the NASA management to keep quiet about it. 
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There are also many rather dubious videos on the internet which claim to be alien bases on 
the far side of the moon e.g. http://www.youtube.com/watch?v=2MfipaqEwAk 

Needless to say the Science Geek does not accept any of these claims! 

Next Chapters 
In the next chapters, I shall talk about: 

• Future exploration of the moon. It is now 42 years since the last astronaut left the 
Moon. When are we likely to go there again? 

• What would we need to do to build moon bases and actually settle on the Moon 

• I will also talk about tidal acceleration, which is the scientific term to describe the fact 
that the Moon is slowly moving away from the Earth and how this affects the way we 
keep time on Earth. 
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3. The Days are getting longer 

 

This chapter is about the effect the Moon's gravity has on the Earth 

What Causes Tides ? 
Tides are causes by the fact that the pull of the Moon’s gravity is stronger on the area of the 
Earth closest to the moon. This causes a tidal bulge in this area of the Earth, shown as A in 
the diagram below: 

I  
The tidal bulge caused by the moon (Image from Andrew Buck) 
 

Another tidal bulge also occurs in the area of the Earth facing directly away from the moon, 
shown as B in the diagram. Taken together these two tidal bulges cause a high tide to occur 
every 12.5 hours, which is the time interval between when the moon is highest and lowest in 
the sky. 

Tidal Friction 
The Earth rotates on its axis in around 24 hours, whereas the Moon takes 27.5 days to 
complete an orbit of the Earth.  Because the Earth rotates on its axis faster than the Moon 
revolves around the Earth, the tidal bulge is always a little bit ahead of the moon. This is 
shown in the diagram below. 
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 The tidal bulge is always ahead of the Moon 
 
 
This causes two separate effects: one on the Moon and one on the Earth. 

(1) The pull of the tidal bulge ahead of the Moon causes the Moon to accelerate very slightly. 
 In effect, it pulls the Moon along in its orbit, causing it to slowly spiral away from the Earth 
into a slightly higher orbit. 

(2) The pull of the Moon on the tidal bulge slows down the Earth’s rotation, causing the days 
to quite literally get longer. 

How Fast is the Moon Moving Away from the Earth? 
The Moon has an oval-shaped (elliptical) orbit around the Earth, so its distance varies. On 
average it is roughly 385,000 km away from the Earth. Experimental equipment left on the 
Moon by the Apollo astronauts has confirmed that the average distance from the Earth to the 
Moon is increasing by about 4 cm a year. 

How Close Has the Moon been to the Earth? 
Because the Moon is slowly getting further from the Earth, in the distant past the Moon was 
much closer to the Earth. In fact, when the Moon was first formed, about 4.5 billion years 
ago, it was around 22 500 km away from Earth, i.e. roughly one seventeenth its current 
distance. At this distance it would have appeared to be 17 times larger in diameter, or 
nearly 300 times bigger in area than it does now. 

If there had been anyone around to see it, it would have made a truly impressive sight. Its 
effect on the Earth would have been enormous, causing tides that were hundreds of metres 
high. The full moon would have been about 300 times brighter than the full moon is today, so 
during a full moon it would have been barely dark at all! 

The Lengthening of the Day 
The day is the most natural unit of time, splitting up time into chunks measured by the rising 
and setting of the Sun, but how long is a day measured by the rising and setting of the sun? 
24 hours? Not quite. It is now very slightly longer than this.  In the year 1900 a mean solar 
day (the term astronomers use for a day measured by the rising and setting of the Sun) was 
exactly 24 hours. However analysis of astronomical observation over the last few hundred 
years has shown that, due to tidal friction, the days are getting longer at a rate of 0.0017 
seconds per century (see notes below). A day currently, in the early 21 st century, lasts 24 
hours 0.002 seconds. 

Leap Seconds 
Because a “real day”, as measured by the Earth’s rotation, is slightly longer than 24 hours, 
every so often an extra second or “leap second” needs to be added so that the time we keep 
lines up with real time measured by the Earth’s rotation and does not drift away. Leap 
Seconds are always added just before midnight on June 30 or December 31. Since their 
introduction in 1972 there have been 25 leap seconds. The last was on June 30 2012. 

 
Leap Second June 30 2012 
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In the Future 
In the future, as the Earth’s rotation continues to slow down, the days will continue to get 
very gradually longer and longer. As this happens we will have to add leap seconds more 
often to ensure that the day that we use aligns with the “real” day measured by the Earth’s 
rotation. 

 

 

 
The length of a day in the future 
The table above shows the length of day and how often we will need to add a leap second to 
bring our clocks in line with the mean solar day. As you can see, assuming that humanity is 
still around, in 10,000 years time we would have to add a leap second every six days. 

There is a way in which this could be prevented.  Mankind might choose in the future to 
redefine how long a second lasts.  We would then have a ‘new second’ which would be 
slightly longer than the second we currently use, 60 of these new seconds would make a 
‘new minute’, and 60 new minutes would make a ‘new hour’. 

With these new units then a day would be exactly 24 hours again – but not quite the hours 
as we now know them. 

Notes 
Like most things in science, things are slightly more complicated than my explanation would 
suggest. If tidal friction were the only effect on the Earth’s rotation then it would slow down at 
a rate of 0.0023 seconds per century. However, the Earth’s rotation is erratic and events 
such a large earthquake can temporarily speed it up. Also, since the end of the last ice age 
the Earth has been changing shape to become less flattened at the poles. This effect causes 
a temporary speeding up of the Earth’s rotation of 0.0006 seconds per century, which is 
why we observe a slowing down of only 0.0017 seconds per century. 
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4. Manned Missions to the Moon 

 
On 21 May 1961 President John F Kennedy made the following address to the United States 
Congress: 

“I believe that this nation should commit itself to achieving the goal, before this 
decade is out, of landing a man on the Moon and returning him safely to the Earth. 
No single space project in this period will be more impressive to mankind, or more 
important in the long-range exploration of space; and none will be so difficult or 
expensive to accomplish.” 

 

 
President J F Kennedy giving his address on May 25 1961- Image from NASA 
 

At the time, which was in the middle of the cold war between the West and the Soviet bloc, 
the Soviet Union had a clear lead in space exploration and had achieved three notable firsts: 

� The first satellite in orbit, Sputnik 1, in October 1957 
� The first spacecraft to photograph the far side of the Moon, Lunik 3, in October 1959 
� The first man in space, Yuri Gagarin, in April 1961. 
By achieving this goal of landing a man on the Moon, which was incredibly ambitious given 
that in May 1961 America has not yet placed a man in orbit, the United States would show to 
the whole world that it had gained supremacy over the Soviet Union in space exploration. 

Why the Moon? 
The Moon is our nearest neighbour in space, and Kennedy was advised that, given sufficient 
investment by the richest country in the world, a manned landing could be achieved before 
1970. There was also a good chance that, given the amount of resources needed to develop 
and test the new technologies needed, the Soviets would not be able to do it by this date. 
 The Soviet Union simply could not afford to spend so much money in such a short time. 

The American Manned Space Program (1961 to 1969) 
To achieve Kennedy’s goal, the American government funded the largest commitment ever 
undertaken by a nation in peacetime. At its peak the programme employed nearly half a 
million people and its total cost (in 2014 dollars) was around $130 billion. 
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Apollo 11 Mission July 1969 
All this effort came to successful fruition on July 20 1969, when Neil Armstrong and Buzz 
Aldrin became the first men to land on the moon. When Armstrong stepped out of the 
spacecraft he said the immortal words: 

"That’s one small step for man, one giant leap for mankind." 
 

The event was shown on live TV to a worldwide audience of over 1 billion, almost a third of 
the population of the Earth at that time.  As a young child I was one of those billion people 
but not Mrs Geek, as it was past her bedtime (she was five years old). 

 
Apollo 11 Astronaut Buzz Aldrin on the Moon -Image from NASA 
 

The astronauts planted the United States flag on the lunar surface in view of the TV camera. 
Some time later, President Richard Nixon spoke to them through a telephone-radio 
transmission which Nixon called “the most historic phone call ever made from the White 
House.” 

In total the astronauts spent 2.5 hours on the lunar surface, during which time they gathered 
around 25 kg of moon rock. These samples would be studied by scientists over the 
forthcoming years and would provide new insights into the origin of the Moon. 

They left behind on the Moon’s surface scientific instruments that included an array of 
mirrors  used to calculate the distance between the Moon and the Earth, and  a 
seismometer used to measure moon quakes. 

On their return to Earth, the astronauts were treated as heroes – but they also had to spend 
three weeks in quarantine, just in case they had picked up any strange and potentially 
dangerous diseases on the Moon.  After that they went on a world tour in September and 
October, and met many prominent leaders, such as Queen Elizabeth II. 

Subsequent  Missions 
After Apollo 11 there were five further successful missions to the Moon (Apollos 12, 14, 15, 
16 and 17) plus one unsuccessful mission Apollo 13, which you may well know about from 
the Hollywood movie of the same name. The diagram below shows all the Apollo landing 
sites. 
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The Apollo landing sites-Image from Soerfm 
 

All the landings were on the near side, as it would have been far too risky to land on the far 
side of the Moon, where they would have been out of direct contact from the Earth. 

The later missions involved the astronauts having progressively longer and  longer stays on 
the Moon.  For the final mission, Apollo 17, the astronauts stayed on the surface for three 
days and performed three separate moonwalks. 

During the final three missions the astronauts used an electric-powered moon buggy to allow 
them to travel longer distances on the Moon – about twenty miles away from the lunar 
module – and thus gather rock samples from more varied sites. 

 
The Lunar Rover or “Moon Buggy” -Image from NASA 
 
The End of the Apollo Program 
After the successful landing of Apollo 11, watched by such a huge proportion of Earth’s 
inhabitants, public interest in the Moon program started to wane and the US government 
 quickly came under pressure to reduce the spending on manned space exploration. The last 
three Apollo missions which should have taken place in 1973 and 1974 were cancelled. 

Another victim of the spending cuts was the Moon base, which NASA had been hoping to 
build on the Moon in around 1980.  If it had been built, this Moon base would have been 
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gradually extended, over the following years and decades, until it became a fully fledged 
lunar colony. The intention was that one day people would actually live on the Moon, but 
these plans were brought to a halt in the early 1970s, purely because of the cost. So, for the 
last 42 years, no astronaut has ventured more than a few hundred miles above the surface 
of the Earth. 

 
 
Artist's impression of a moon base -Image from NASA 
 
When will humans next go to the moon? 
I think it is unlikely that the next astronauts to set foot on the Moon will be from America. 
NASA has no plans to go to the Moon within the next decade, because there is little political 
will or drive to do it.  It is unlikely that Congress would provide the funding, especially as 
NASA is already committed to supporting the International Space Station until at least 2020, 
which will reduce the money available for other manned space missions. 

I think the next humans to set foot on the Moon will be from China, in around the year 2025. 
China has its own ambitious manned space programme, and has recently landed an 
unmanned probe on the Moon, which is exploring the Moon as I am writing this chapter. 

In fact, there is so much to say about Chinese plans to explore space that I will deal with this 
in far more detail in my next chapter. 
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5. Chinese Manned Space Programme 

 

This  chapter is about the Chinese manned space programme. As I said in the last chapter 
sadly it is now over 42 years since the last Apollo astronauts lifted off from the Moon’s 
surface and I believe the next humans to visit our nearest neighbour will be from China. 

Overview of Missions so Far 
On 15 October 2003, Yang Liwei stepped into the Shenzhou 5 spacecraft and shortly after 
takeoff went into orbit to become the first Chinese astronaut. China then became only the 
third nation in the world, after Russia and the United States, to have their own space 
programme capable of putting a human into orbit without the assistance of any other nation. 

 
Yang Liwei -The First Chinese Astronaut  -Image provided by Dyor 
 

Since that first historic flight China has launched a further five manned space missions. 
The last two missions, Shenzhou 9 and 10, have each had three astronauts and during the 
missions the astronauts have stayed in the Chinese space station, which is called Tiangong-
1.  Tiangong is the Chinese for ‘heavenly palace’, which I think is a very appropriate name 
for a space station! 

  



 

 

 
The Shenzhou spacecraft docking with the Tiangong Space Station
Craigboy 
 
Forthcoming Manned Missions
Next year China plans to launch a second larger space station called
be visited by a Shenzhou spacecraft and an unmanned spacecraft bringing 
allow the astronauts to stay longer in space.

In 2020 China plans to build a larger 60 tonne space station. This will be too large to be 
launched on a single rocket, so the various components or modules
different rockets and the space station will be assembled in orbit. As someone who has just 
moved house and put together a great deal of flat
feat this will be.  Once assembled, and hopefully less rickety than our new wardrobe, t
enable Chinese astronauts to have a permanent manned presence in space.

Unmanned Chinese Mission to the Moon
China has already sent three space probes to the Moon: Chang’e 1 and Chang’e 2 (see 
notes) both orbited the Moon. The spacecraft were name
ancient Chinese goddess who lived on the Moon by herself with only
keep her company. 

In December 2013 the third probe, Change’e 3, performed a gentle controlled ‘soft’ landing 
onto the Moon’s surface, the f
array of scientific instruments to study the Moon’s surface and a six wheeled rover named 
Yutu (Chinese for jade rabbit), which was intended to move around and explore the Moon’s 
surface. 

ft docking with the Tiangong Space Station- Drawing by 

Forthcoming Manned Missions 
Next year China plans to launch a second larger space station called Tiangong

Shenzhou spacecraft and an unmanned spacecraft bringing 
allow the astronauts to stay longer in space. 

to build a larger 60 tonne space station. This will be too large to be 
launched on a single rocket, so the various components or modules will be launched on 

ts and the space station will be assembled in orbit. As someone who has just 
moved house and put together a great deal of flat-pack furniture, I can only imagine what a 

Once assembled, and hopefully less rickety than our new wardrobe, t
enable Chinese astronauts to have a permanent manned presence in space.

Unmanned Chinese Mission to the Moon 
China has already sent three space probes to the Moon: Chang’e 1 and Chang’e 2 (see 
notes) both orbited the Moon. The spacecraft were named after Chang’e who

goddess who lived on the Moon by herself with only her pet jade rabbit

In December 2013 the third probe, Change’e 3, performed a gentle controlled ‘soft’ landing 
onto the Moon’s surface, the first spacecraft to do so for nearly forty years. It had a large 

scientific instruments to study the Moon’s surface and a six wheeled rover named 
Yutu (Chinese for jade rabbit), which was intended to move around and explore the Moon’s 
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Tiangong-2. This will 
Shenzhou spacecraft and an unmanned spacecraft bringing supplies so as to 

to build a larger 60 tonne space station. This will be too large to be 
will be launched on 

ts and the space station will be assembled in orbit. As someone who has just 
pack furniture, I can only imagine what a 

Once assembled, and hopefully less rickety than our new wardrobe, this will 
enable Chinese astronauts to have a permanent manned presence in space. 

China has already sent three space probes to the Moon: Chang’e 1 and Chang’e 2 (see 
d after Chang’e who was an 

her pet jade rabbit to 

In December 2013 the third probe, Change’e 3, performed a gentle controlled ‘soft’ landing 
for nearly forty years. It had a large 

scientific instruments to study the Moon’s surface and a six wheeled rover named 
Yutu (Chinese for jade rabbit), which was intended to move around and explore the Moon’s 
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The landing site of the Chang'e 3 spacecraft and Yutu Rover - Image from NASA 

Next year another unmanned probe, Chang’e 4, will be launched to a different area of 
the Moon on a similar mission. More excitingly, in 2017 Chang’e 5 will land on the Moon, 
collect samples of moon rock, and return them back to Earth for analysis. 

Manned Chinese Mission to the Moon 
For the last 10 years various statements have been made by the Chinese National Space 
Agency which have indicated that it is a goal for China to land humans on the Moon. Indeed 
at the end of last year, following the successful Chang’e 3 landing, the People’s Daily, the 
official paper of the Chinese Communist Party, reported that ‘Chinese aerospace 
researchers are working on setting up a lunar base’. 

Although no definitive time-scales have been released yet, I think it is very likely that China 
will  land a human on the Moon in around 2025 to 2030. The investment required will be 
huge. It technically far more complicated to land astronauts on the Moon, then blast off from 
the Moon’s surface and return safely to Earth, than to land an unmanned space probe on the 
Moon’s surface. 

Indeed between 1961 and the end of 1972 the United States spent the equivalent of around 
$140 billion in today’s money to achieve the manned moon landings. This large expenditure 
brought many advances. A large number of jobs in high technology industries were created. 
Many of the advances in electronics in the 1960s can be traced back to the space 
programme and there were some interesting lesser known spinoffs ranging from 
improvements in kidney dialysis to better home insulation. More details can be found on the 
following website http://spinoff.nasa.gov/apollo.htm, 
 
 
National Prestige 
In 1969, landing a man on the Moon gave the Americans a huge sense of national prestige. 
 It also confirmed their standing as the most powerful country in the world, as at the time no 
other country could have done this. By 2020 China will have overtaken America as the 
world’s largest economy. By landing a human on the Moon China will confirm its new 
standing in the world. 
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Notes 
After orbiting the Moon in mid 2011, Chang’e 2 left lunar orbit and performed a rendezvous 
with a nearby asteroid passing about 3 km above its surface. The spacecraft is now in 
interplanetary space about 100 million km from Earth. It is in full contact with mission control 
in China, and is proving that the Chinese can track and control probes in deep space. 
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6 Living on the Moon 

This final chapter, looks forward to the future and discusses colonising the Moon. Will any 
future descendants of Mr and Mrs Geek ever live on the Moon? And what are the obstacles 
to them doing so? 

Colonising the Moon in science fiction 
For centuries novelists have written about humans living and working on the moon. One of 
my favourite science fiction novels is “A Fall of Moon dust”  by the British author Arthur C 
Clarke (1917-2008). It was written in 1961, before man had ventured  into space and when 
we knew very little about the Moon’s surface, but set in the 2050s. In the novel the Moon has 
been colonised, and it is visited by tourists from Earth. One of its attractions is a cruise, in a 
specially designed boat, across one of the maria, or lunar seas, filled with an extremely 
fine and very dry dust which flows like water. 

 

 
Arthur C Clarke -the author of "A Fall of Moondust" Image provided by Amy Marash 
 
Why would we want to colonise the Moon? 
There are many reasons for building permanent colonies on the Moon.  I have listed a few 
below which I think are the most important. 

� To ensure the continuation of humanity. One reason, which applies to colonising 
space generally not just the Moon,  is that while the human species is restricted to life on 
a single planet it is vulnerable to extinction caused by natural or manmade disasters.  If 
humans could live in a self supporting colony on the Moon, then this would provide a 
Plan B to allow the continuation of our species. 

� To spread civilisation to other places.  Since humans first evolved, they have 
constantly sought new territories. It seems to be almost a biological imperative to find 
other places to live.  There are not many uninhabited places on Earth, so humans may 
one day extend their civilisation not only to the Moon but also to other places in the solar 
system such as Mars and the moons of Jupiter and Saturn. 

� It is relatively easy to get to. Compared to Mars, the next most likely candidate, the 
Moon is much closer to the Earth. The Moon is on average 384,000 km away from Earth, 
whereas Mars at its closest approach is still around 60,000,000 km away. It is therefore 
easier, and therefore cheaper, to reach. 
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� To stimulate the economy. Despite the enormous cost, building bases on the Moon will 
give a huge stimulus to the Earth’s economy and there will be many jobs created in high 
technology industries. There may well be spin-offs that we are not yet aware of, in the 
same way that the Apollo programme in the sixties and early seventies led to huge 
technological developments unconnected to space travel such as improved kidney 
dialysis equipment. 

� There would be no biological impact. The Moon has no indigenous life forms which 
could be damaged by contact with humans.  This is not true of the few uninhabited areas 
of the Earth, like Antarctica. 

� To exploit resources. In the longer term it may be possible to exploit the minerals found 
on the Moon, including a rare form of helium called helium-3.  This is more common on 
the Moon than the Earth and could be used to generate nuclear power, without the 
radioactive waste produceds by conventional uranium-based reactors. (See Notes) 

 
Challenges Faced 
Even compared to the most extreme places on Earth, the Moon is a very harsh environment 
and there are huge challenges to be faced in building a lunar colony. 

� No atmosphere. The Moon has no atmosphere so a human  would need to wear a 
space suit or they would be dead within minutes.  Death would come not only from a lack 
of oxygen but also from the fact that any exposed fluids in their tears, saliva and even 
inside their lungs would quite literally boil away! 

� Deadly radiation. The Moon has almost no magnetic field to shield the surface from 
cosmic rays from space. There is also no atmosphere, so other deadly radiation such as 
X-rays can get to the surface and cause damage to human health.  When they left the 
protection of the Earth’s magnetic field, the Apollo astronauts kept seeing flashes of 
light even when they were inside their spacecraft with their eyes closed. This was due to 
cosmic rays passing through the wall of their spacecraft, and into their bodies, including 
their eyes.  When the rays hit their retinas, the light sensitive area at the back of their 
eyes, flashes of light were visible. Exposure to cosmic rays and other forms of harmful 
radiation greatly increases the risk of developing cancer. 

� Extreme variations in temperature. The Moon rotates much more slowly than the 
Earth. On the Moon there are 15 days of daylight followed by 15 days of darkness. This, 
coupled with the lack of an atmosphere (which would help to hold heat at night) means 
that the surface of the Moon is exposed to extreme variations in temperature. At the 
Moon’s equator over a 30 day period, the temperature ranges from +130 degrees to -140 
degrees Celsius. 

� Risk of meteor strikes. On the Earth, meteorites with a mass of around a ton or less 
burn up in the Earth’s atmosphere before they hit the ground. On the Moon there is no 
atmosphere in which this can occur, so anything which is attracted by the Moon’s gravity 
will hit the surface.  Because meteorites move so fast they have a large amount of 
energy and can therefore do great deal of damage. A  tiny pebble-sized lump of rock 
weighing  only 10 grammes but travelling at 100,000 km an hour would have the same 
energy as a huge 10 tonne boulder travelling at 100 km/h (63 mph), and if this were to hit 
a moon base the results would be catastrophic. 

 

For these reasons, I believe that a moon base would be better built underground where it 
would be shielded from the aforementioned radiation, meteorite strikes and extreme swings 
in temperature. 
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An Underground Moon-base 
  

Another factor to consider is the long term impact of low gravity on the human body. 
This has never been studied before, although studies have been carried out in zero, rather 
than low, gravity conditions, primarily on astronauts who have spent time on the International 
Space Station (ISS). 
 

 
Astronauts in zero gravity aboard the International Space Station- Image from NASA 
 

When astronauts spend time in zero gravity their muscles weaken because they no longer 
have to support their weight. For this reason, astronauts in the ISS spend a great deal of 
time exercising to try and minimise the loss of muscle strength. Also, in zero gravity the body 
does not need to have strong bones for support. Astronauts’ bodies lose bone matter at the 
rate of 1.5% per month. After a year in space an astronaut would have lost roughly 20% of 
their initial bone mass, greatly weakening their skeleton. The minerals lost from their bones 
are excreted in their urine, which can give rise to kidney stones. After returning to Earth from 
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a long space mission, it can take several years for bone density to return to normal, and 
astronauts may run the risk of osteoporosis in later life. 

Although there is some gravity on the Moon, many of the negative impacts of zero gravity 
would surely occur, albeit to a lesser degree.  I think it is highly likely that there would be 
 loss of muscle and bone density if people spent a long period of time there.  One solution to 
prevent long-term damage might be for people to be attached to heavy weights so that they 
would weigh the same as on Earth. What is also unclear is how the development of young 
children would proceed. Would a child born and brought up on the Moon have weak muscles 
and thin bones, which would mean that they would never be able to live on Earth? 

 
The International Space Station 
  

Costs 
The International Space Station, pictured above, orbits the Earth less than 500 km above the 
surface. It  normally holds only six astronauts and is the most expensive single object ever 
constructed, costing around $150 billion in today’s money. It costs around $5 billion a year to 
run.  All consumables such as food and water have to be brought up from Earth at great 
cost. 

Building a large moon-base in which hundreds of people could live and work would 
undoubtedly cost far, far more. I would expect that the costs would be in the trillions of 
dollars. It would be too expensive for any single nation to afford and its costs- and benefits – 
would need to be shared amongst all the countries of the world. 

The moon-base would have to be as self sufficient as possible, because getting 
supplies from Earth would be so expensive. It might use the energy from sunlight to grow 
plants to produce food and oxygen, so that food would not need to be imported from Earth. 
Water is also in very limited supply on the Moon.  Although there are small deposits of ice in 
areas which are in perpetual shadow, such as the bottoms of craters, this would have to be 
strictly rationed and recycled. 

Given the costs and complexities involved, I would predict that a large moon-base will not be 
built for at least one hundred years. Although I could always be proved wrong :) 

Notes 
Many articles have been written about helium-3 mining on the Moon, suggesting that it could 
be a source of cheap and pollution-free energy. 

For example, the Sci Fi  film “Moon” which Mrs Geek and I enjoyed watching a few years 
ago (although Mrs Geek seems to remember sleeping all the way through it) is set in the 
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year 2035. In the film a large corporation called Lunar Industries have made a great deal of 
money constructing a large, automated lunar mining base and sending the helium-3 back to  
Earth. 

 
Poster for the 2009 Film “Moon” 
 

In reality, there are still huge obstacles to doing this.  The concentration of Helium-3 found in 
moonrocks is still very low and it may never be economically viable to extract it. Another 
point is that although Helium 3 could, in theory, be used to generate clean energy in a 
nuclear fusion reactor,  no one has yet found a way of doing this. 
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And Finally.. 

 

I hope you have enjoyed reading this short book. If you have any questions or comments 

please contact me via my website at www.thesciencegeek.org. 

 

 


