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Now you see it, now you don’t! 
What have priceless illustrated manuscripts, 

colour-changing goblets and whipped cream 
all got in common? Harvey � nds out how 

ancient civilisations used nanotechnology 
without even knowing it. 

What’s squidgy with a squished up face and 
protruding eyes, has eight legs with sharp 

claws, moves slowly and can withstand both 
the heat of a geothermal spring and the 

frozen emptiness of outer space? No, not the 
Spice Girls 2019 stadium tour. A tardigrade of 

course! Tardigrades are cool… and also hot!

Picture the scene. It’s the middle of the night and 
you’ve broken into an abandoned laboratory to 

investigate strange sounds that have been coming 
from within its walls. You come to a locked door. 
Neon green slime oozes through the cracks and 

onto the � oor around your toes. The slime is either

A)  Toxic waste from a secret government 
experiment gone wrong

B)  A chemist with the cold of a lifetime

How can you tell which is which? You’re in luck! 
Harvey’s making an emergency microscope for 

just such an occasion. Find out more, here.

ave you ever looked at something 
– a leaf, an insect wing or a human hair  

– through a microscope? If you have, you’ll 
know the strange feeling it brings. At first 
there’s nothing but a fuzzy blur. ‘No’ you think, 
frustrated, ‘nothing there at all. I knew it, what 
a load of old rubbish!’ Have patience. Move the 
sample into focus. Suddenly, you’re in a 
different universe; a brave new world. And it’s 
all so beautiful! 

Lousy microbiologists
The first microscope users, on the other hand, 
were a different story altogether. Beauty 
certainly isn’t the first word that comes to 
mind.

Connected by a fascination for all things 
unseen and unseemly, scientists like Robert 
Hooke (who was known to be a particularly 
disgruntled and unpopular man) and Antonie 
van Leeuwenhoek (who regularly used his own 
mouth as a Petri dish) sometimes cultivated 
the worst personal hygiene habits in order to 
grow the bacteria for their research – nice. But 
it is worth remembering this: In going where 
no person had gone before, in exploring the 
juice at the bottom of the bin, or the last slice 
in a mouldy loaf, belly button fluff or bathtub 
scum, these microbiologists achieved 
incredible breakthroughs for humankind. And 
that’s not something to be sniffed at, is it? 
Curiosity leads us into unknown territory, and 
some of it’s pretty gross.

H

Hello mighty 

AQUILAnauts and welcome 

to this, our magnificent 

Microcosmos issue.

We hope you have a suitably 
soap-free September.  Join us 
back here next month for our 
fabulous Fakes and Forgeries 
issue. Accept no substitutes!



Aquila peers into the past at the life and 
times of Antonie van Leeuwenhoek, which 

is the name of a scientist from the Dutch 
golden age, and not the sound I make when I 

have some phlegm that needs to come up.

Location! Location! Location! 
A stylish detached home for sale in a sought-after 

area of Berkshire, this substantial and well-presented 
property is available fully furnished and full of period 
features. It has electric lighting and running water, a 

fully stocked wine cellar, a library and a treasure room 
(quirky touch). The large dining room is perfect for 
entertaining… just as long as you’re no more than 

15 cm tall. Polly visits Queen Mary’s dolls’ house, the 
fanciest crib ever built to 1:12 scale.

Calculata’s learning all about Zeno’s 
Paradox or, Why You Should Never 

Give a Tortoise a Headstart.

Belly bugs and beyond. Listen, we tried as 
hard as we could to keep this issue relatively 
free of revolting gooey-eye parasites but I’m 

afraid we failed. Dismally. Readers of a sensitive 
disposition and those about to eat should avoid 
this page at all costs. Everyone else can get stuck 
in, but please, don’t have nightmares. Almost all 
these bugs are harmless… as least, more or less 

harmless.

Mischievous Uncle Rufus is in town, but Mum 
doesn’t seem too pleased about it. Why? And 

for that matter, who is in the car that has been 
parked outside the house for the last week? 

What are all these packets of frozen peas about? 
Find out in part one of Amy Sparkes’ new short 

story, The Watcher.

AQUILAnews

Are you tougher than a tardigrade 
in a tumble dryer? This month’s 

Brainfeeders will sort the nematodes 
from the natterjack toads.

Awesome animalcules! Polly 
makes a tardi-great.

Meet Manu Prakash, Jim Cybulski and the 
team at Stanford University, California: 

pioneers in the frugal science revolution, 
and the inventors of Foldscope, an origami 

$1 microscope.
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Let’s take a walk 
through the past and 
examine some of the 
awesome science 
humans have 
undertaken in the 
pursuit of beauty, 
using materials they 
couldn’t even see.
Wait, what?

Nanomaterials (such as nanoparticles, 
nanowires, and nanotubes) are so small 
that they can’t be seen with a regular 
microscope, let alone the naked eye. It 
took until the 1930s, and the invention 
of the electron microscope, before we 
could see them for the first time. They 
are so small that we measure them in 
nanometres – that’s a billionth of a 
metre. You can fit ten million 
nanometres into a single centimetre. 

A human hair is about a hundred thousand 
nanometres wide. We’re talking tiny!

But long before we could see 
nanomaterials, we were using them all 
across the ancient world. 

Ink
From ancient Egypt to India to China, 
everyone was using the same 
nanoparticles to write and draw: carbon 
black. Carbon black ink is created by 
partially burning something, like wood (or 
bones! eek) and combining it with water, 
and sometimes gelatin or glue. This forms 
a colloid that keeps the pigment stable. 
These tiny black nanoparticles are what 
give us the deep dark black in ancient 
manuscripts and in sixteenth-century 
paintings. It is even in some paints and 
pens today.

LYCURGUS CUP
Next, to the ancient Romans, who used a colloid 
of nanoparticles to make trick glass! 

The Lycurgus Cup is a Roman glass cage cup 
depicting King Lycurgus being dragged to the 
Underworld. Despite the interesting design, it’s 
not a particularly eye-catching goblet by modern 
standards. Why? Well, it’s an opaque yellow-green 
that looks a little dull. But when you place a light 
inside the goblet, the glass becomes a bright 
transparent red! 

wavelengths of light pass through the 
glass, or reflect back from it.

What’s going on 
here?
It took until 1990 for scientists to 
figure it out for sure, and they used 
an electron microscope to do it. It 
turns out that tiny nanoparticles, 
which are made up of gold and silver, 
are spread through the glass in colloidal 
form. These nanoparticles – at these 
specific sizes – change the way 

Did ancient Roman craftspeople know 
that it was teeny tiny gold and silver 
particles causing the change? 

It’s possible. But if they did, they didn’t have 
any way to understand why, nor any real 
control over what was happening. 

When light shines through the goblet, 
only red light passes through.

When light shines onto the goblet, 
only green light reflects off of it.
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Colloids
A colloid is a mixture of insoluble 
particles (bits that can’t dissolve) 
dispersed through another substance. 
And colloids are everywhere! Fog is a 
colloid of water particles in air. Milk is a 
colloid of butterfat particles in a 
water-based fluid. And whipped cream is 
a colloid of air particles in the fat of the 
cream, which is why high-fat cream 
whips up better than low-fat cream.

The particles in fog, milk and whipped 
cream are all bigger than nanoparticles. 
But nanoparticles can exist in colloidal 
form, and it’s one way we could 
manipulate them before we could 
see them. 

DAMASCUS STEEL
Let’s skip a little forward in time to the 
Islamic Golden Age, to look at swords! 
Damascus steel swords have been highly 
valued for hundreds of years for their 
shimmery watery patterns and very 
sharp edges. In modern times they’ve 
obtained a somewhat legendary status. 

While many of the legends about them 
are not true – they couldn’t bend all the 
way around a person! (Oh. That ’s 
disappointing. Ed) – the swords 
themselves are real. And they were 
formidable weapons, made with 
incredible craftsmanship and skill. What 
do we find if we look really close? 
Nanostructures!

How does it work?
Modern scientists tested and 
microscopically examined some 
Damascus swords and found cementite 
nanowires and carbon nanotubes. The 
delicate pattern of the swords is caused 
by the arrangement of cementite. 
Cementite is a compound of iron and 
carbon. And it seems that the carbon 
nanotubes help in the process of 
transforming the cementite nanoparticles 
into nanowires.

Tiny amounts of other metals in the steel, 
and their reactions to the heating and 
cooling process of forging a sword, seem 
to be an important part of creating the 
nanostructure. These impurities could 
have come from the mines themselves, or 
from other ingredients added later on.

It’s possible that the nanostructure also 
gives the swords some added durability. 
Damascus swords were less likely to 
shatter on impact than other equally 
sharp swords made at the same time in 
history. Congratulations to the 
swordsmiths who honed the process over 
hundreds of years, without even having 
the ability to zoom in and see what was 
going on!

Elsewhere
These are just a few examples of people 

using nanomaterials in pursuit of beauty, 

but there are many more around the 

world. From medieval European stained 

glass windows, to Ming dynasty Chinese 

pottery, nanoparticles are all over the 

place! W
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Oscar Wilde famously wrote that ‘We are all in the gutter, but some of us are looking at the stars.’ 
He obviously did not take into account just what marvels you can see in the humble gutter, with 

the use of a microscope. 

By the eighteenth 
century many 
scientists were 
turning their 
microscopes on 
samples taken from 
stagnant water, 
troughs and 
‘humble’ gutters. A 
good example is 

the Italian scientist Lazzaro 
Spallanzani, who used his microscope 
to study sediments collected from rain 
gutters (he also played a pivotal 
role in the study of bodily 
functions, but that ’s a story for 
another time, ed!). Through its lens he 
saw hundreds of small creatures 
swimming around and described them 
as tardigrada, that’s Latin for ‘slow steps’, 
due to their strange movements.

Micro animals 
Three years earlier, in 1773, the 
German protestant pastor and 
zoologist Johann August Ephraim 
Goeze had become the first person to 
identify these creatures. Goeze 
thought they were rare because no 
other naturalist had recorded 
observing them, and he only found 
them in the winter months. On first 
sight he thought they looked like little 
water bears. He went on to state that 
they have frog-like heads with slightly 
protruding eyes on each side, and 
that: 

‘The most remarkable feature of this 
little worm are the eight short feet, each 
of which is armed with three crooked 
and very sharp claws. His movements, I 
observed, were always the same. He was 

on his back, continuously stretching out and 
retracting his feet, as if he wanted to grasp 
something, and to get on his feet.’

These seemingly vulnerable and 
odd-looking animals require a powerful 
microscope to see them, as they range from 
0.3 mm to a maximum of 1.2 mm in length. 
Goeze is relieved about this, noting: ‘One can 
hardly imagine something more horrible than 
our little creature appearing the size of a real 
bear.’
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Built to survive...
everything!
Water bears certainly have a number of 
remarkable abilities that help to 
compensate for their tiny size. They are 
aquatic creatures that generally live in 
soil and sediments of all types. They 
live on mosses, algae, lichens, barnacles 
and anywhere relatively moist. So far 
more than 1,000 species of them have 
been discovered and they have been 
found in the most extreme places on 
Earth, from the coldest polar regions to 
high in the Himalayas and even in 
hot springs.

Their powers of survival include being 
able to withstand being heated to 150 
degrees Celsius (302 degrees 
Fahrenheit) or frozen down to at least 
-200 degrees Celsius (-328 degrees 
Fahrenheit). They can endure 1,000 
times more radiation than other 
animals and cope with the pressure of 
6,000 atmospheres – far more than the 
kind of pressure you can find in our 
very deepest oceans. And I thought 
cockroaches were the ones to 
watch. Ed.

Suspended animation
Yet another remarkable feature of the 
tardigrade is that, if there is no water, it 
can reduce the functioning of its body 
to 0.01 per cent. This gives it the ability 
to go into a form of suspended 
animation for a period of several years. 

In 1922 German scientist H. Baumann 
observed that when tardigrades go into 
this dried out state their legs and head 
retract into their bodies, giving them 
the appearance of a dry husk. (I know 
one or two TV personalities with 
the very same ability, ed). It has 
been claimed that 120-year-old dried 
moss, when watered, contained a 
reanimated tardigrade. More recent 
research has shown that such creatures 
can be fully brought to life after eight 
years of suspension in a waterless state.

John H. Crowe, a biologist at the 
University of California, identified a 
sugar called trehalose that keeps the 
tardigrade alive by behaving like the 
missing water in its body. Such studies 
indicate that this method of staying in 

suspended animation might be copied to 
preserve the shelf life of food, blood, DNA 
and vaccines!

Microscopic marvels
In the USA the Defense Advanced 
Research Projects Agency (DARPA) is 
currently researching the sugar molecules 
and proteins that protect tardigrades 
when frozen in time. This is with a view to 
copying them for use in human cells and 
tissues. New drugs created in this manner 
could be delivered as a spray to treat 
wounds. Such treatments could extend 
the ‘golden hour’ between when a person 
is injured and when they get proper 
medical treatment at a hospital, and could 
be used for traumatic injuries, heart 
attacks and instances of sepsis (a deadly 
reaction to infection).

Given their hardy nature, it is not 
surprising that tardigrades have been sent 
on several space missions. The first was in 
September 2007, when 3,000 water bears 
were sent into orbit around Earth by the 

European Space Agency (ESA). They 
found that these tiny tardigrades can 
survive deadly levels of ultra-violet 
radiation, cosmic radiation, micro-gravity 
and the vacuum of space. Their ability to 
repair damaged DNA after such 
exposure offers the possibility of 
improving cancer treatment for humans 
in the future.

Tardigrades have existed on this planet 
for at least 520 million years. They 
appeared in the oceans and might even 
have arrived here inside meteorites 
(controversial, ed). Whatever their 
origin, astrophysicists Rafael Alves 
Batista, David Sloan and Abraham Loeb 
calculated in a recent study that only the 
boiling away of our oceans would kill 
them off. It is likely they will continue 
thriving here until the death of our Sun. 
By then, they might well have hitched a 
ride to other suitable planets by way of a 
passing space rock, once again proving 
their status as the universe’s ultimate 
survivors.
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All the talk of microscopic bugs and germs in this issue has made 

me feel rather itchy (you’re itching too now, aren’t you?), but the 

tardigrade is one teeny tiny creature that somehow still manages 

to have the cute factor. Would you want to cuddle up to one 

though? The answer is YES!, if it’s made out of a sock. (Erm, the 
answer would still be no, have you smelt my socks? Ed.)

YOU WILL NEED:

– 1 adult-sized sock (preferably  
a clean one!)
– Scissors
– Toy stuffing
– Needle and thread (similar 
colour to your sock and black)
– 2 buttons
– Small piece of pink or red felt
– Larger piece of grey felt (or 
colour of your choice)
– Fabric glue (PVA will work 
but may not last as long)
– A helpful adult 

1 Cut the sock into two halves following the cut lines in 
picture 1. Put the heel part and the cuff to one side.

2 Use the toy stuffing to stuff the toe part of the sock. Take 
time to ensure you create a nice rounded shape. Stop when 
you’ve almost filled all of the sock.

3 & 4  With the needle and thread (double up the thread to 
make it stronger), make large straight stitches (running stitch) 
all the way around the sock about 1 cm back from the raw 
edge. When you’ve gone all the way around, pull the thread 
gently to close the hole, tucking in the raw edges as you go. 
Keeping the thread taut with one hand (you may need some 
help with this), make more stitches until it becomes secure.

4b Take the other half of the sock and turn it inside out. Then, 
cut it into eight equal pieces. You should end up with eight 
small folded pieces of sock. Sew each piece through both 
layers of sock, as shown, to create the legs.

5 Turn each leg the right way out, then stuff lightly. Sew four 
of the legs along one side of the body using a whip stitch 
(see diagram). You may want to add more stuffing just before 
you finish sewing it on. Repeat by sewing the other four legs 
onto the other side of the body.

6 To make the segments of the body, take a long length of 
thread and double it up. Next, wrap the thread around the 
body, between the legs, then pull tight and knot. You will 
need somebody to help you keep the thread taut as you knot. 
Do this four times, between each set of legs and then around 
the back of the head. Trim the thread, or, alternatively, thread 
the ends onto a needle and hide the ends inside the body.

7 Sew the two buttons onto the face for the eyes with the 
black thread. Cut a small semi-circle from the pink felt and 
glue onto the face for the mouth.

7b Cut claw shapes out of the grey felt. Run a line of glue 
along the top edge and stick one at the bottom of each leg.

8 Tar-da! Your very own cute critter.

Why not give your finished Tardigreat a name and send us a 
picture at the usual address? We love to see your makes!

8
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What if every kid on this planet 
carried a microscope around in 
their pocket, just like you might a 
pencil? How would that change the 
world for the better? This is the 
question bioengineer Manu 
Prakash and his team of researchers 
at Stanford University are 
investigating. 

Hold up a second, what is a 
bioengineer? Ed.

I thought you might ask. 
Bioengineering means applying the 
rules of engineering to biological 
systems. A biological system could be 
a human body, a field of wheat, a 
rainforest or an individual plant. Manu 
describes himself as someone who likes 
to think like a biologist, and then solve 
problems like an engineer. He loves 
tackling puzzles, basically, a lot like the 
average AQUILAnaut. Some of Manu’s 
other work has involved developing a 
simple computing system that is made 
using water droplets. Yes, you read that 
right, water droplets! 

The problem
Manu grew up in India, a country 
with a high proportion of people 
living below the poverty line, so 
he’s interested in making things 
work using the fewest 
resources possible. 

Traditional microscopes are 
expensive, heavy and difficult to 
lug around. As a result, in places 
where there isn’t much money to 
invest in laboratories, microscopes 
are often either non-existent, too 
bulky for proper fieldwork, or 
broken. Without them, scientists 
young and old struggle to get the 
clear results needed to progress 
their research. 

The solution
Manu’s answer was the Foldscope; a 
$1 origami microscope which is 
made mostly of paper and can travel 
to any part of the planet. 

The Foldscope was invented by 
Manu and Jim Cybulski, while Jim 
was a PhD student working at 
Manu’s laboratory at Stanford 
University, in California USA. On field 
visits across the world they had both 
experienced the lack of good-
quality scientific equipment and 
seen how it hampered scientific 
investigation.  

12



An invention to 
benefit humanity

A design was sketched and an exciting idea 
jumped into life; what if paper could be 
used to build this piece of equipment? 
After all, it’s versatile, light, cheap and you 
can fold it into specific configurations with 
great precision. Jim and Manu decided to try 
and get the new tool into as many hands as 
possible.  

Since its inception, the team at Foldscope 
have succeeded in getting their origami 
microscope into the pockets of 500,000 
people across at least 135 countries. By the 
end of 2019, they intend to have distributed 
one million Foldscopes across the globe.  

Microcosmos
But this isn’t just the story of a very clever $1 
paper toy. This is the story of an entire global 
community coming together online to share 
observations, answer questions, solve 
problems and have fun with science. 

OK, that ’s great and everything, but 
what has it actually done? Ed

Access to cheap and portable microscopes 
has led to lots of breakthroughs across the 
planet. Let’s look at some case studies to see 
how the Foldscope is working in real life:

Dr K. Indumathy is a project investigator 
working in the Vellore district of India, near 
the city of Chennai. Dr Indumathy and her 
team are committed to collecting, 
identifying and classifying the various 
pests and diseases that can affect crops in 
the region. They show farmers and local 
students how to assemble Foldscopes and 
use them in the field (literally) to examine 
disease pathogens and pests so they can 
treat them effectively. 
https://tinyurl.com/y5ywrjzj

Marine scientist Dr Jorge Mardones and 
his team from Prakash Labs have been in 
Chile looking at the effect of salinity 
(saltiness) on toxic algae in Chilean waters. 
Their research will have a big impact on fish 
farming in the area.
https://tinyurl.com/y2f57m24

Dr S. Meignanalakshmi uses the 
Foldscope to study the stomach juices of 
cows and diagnose acidosis and parasitic 
infections. Farmers can use the 
technology to help ensure the wellbeing of 
their cattle.
https://tinyurl.com/y5hk6r2c

Frugal science
Prakash and his team believe that access to 
science and science education is a human 
right, and they’re doing everything in their 
power to make it so. It’s all part of a frugal 
science revolution; the idea that, if 
humanity is ever going to reach its 
potential as a species, the 1 billion people 
who currently haven’t got access to proper 
healthcare or infrastructure must be able to 
make discoveries alongside those who do. 

TAKING THINGS FURTHER 
Why not have a go at reinventing a useful 
device for modern living using the frugal 
science model? Take a high-tech object 
– it might be a food processor, a tumble 
dryer or a heart rate monitor. What are 
the essential components of that device? 
Can it be made simpler, cheaper and with 
fewer parts? How about making it from 
recycled materials? If you had to make 
the same device with a budget of £1, 
how would you go about it?

LET’S DEBATE
Do you agree that access to science is a 
human right?  Why not write to us and let 
us know.

Five fantastic things to look 

at through a Foldscope:
1 Cheek cells
2 Pollen grains
3 Tomato skin
4 Fungi
5 Belly button fluff

How would you like the chance 
to win your very own Deluxe 
Foldscope PLUS an extra 20 
Foldscopes for your school or 
community group? 

All you have to do is write to us 
explaining what you and your 
group would love to explore 
with your Foldscopes, and we’ll 
pick our favourite.

Send your entries to:
AQUILA Foldscope Competition
Studio 2, 67a Willowfield Road
Eastbourne, East Sussex
BN22 8AP

Email entries also accepted at 
readers@aquila.co.uk

Closing Date: Monday 7th October 2019
*Competition is open to AQUILA subscribers only. 

**Class entries are accepted if the school subscribes.

To learn more about foldscope instruments and join the frugal science revolution go to www.foldscope.com
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Who was Antonie van Leeuwenhoek?
Leeuwenhoek was born on 24 October 1632 in 
the town of Delft, Netherlands. That’s where he 
lived and where he eventually died at the 
grand old age of 90. He was from a family of 
tradesmen and had no education beyond 
childhood schooling. However, his curiosity, 
diligence and obsessive need for study led him 
to become a pivotal scientific figure. 

WHAT DID HE DO?
● Commonly known as ‘The Father of 
Microbiology’ Antonie van Leeuwenhoek 
discovered bacteria, blood cells and sperm cells, 
along with many other microscopic discoveries.
● He made his own microscopes, which could 
reach 500X instead of the usual 30X for 
microscopes of the day. He was very secretive 
about his methods and this meant that no one 
else could see as close up as he could. This made 
it hard for people to believe that his observations 
were real. 
● Leeuwenhoek made over 500 microscopes 
(fewer than 10 have survived). His microscopes 
are not like the ones we know today, instead they 
are a flat brass plate with a small magnifying 
hole and a sharp point to pin the subject on to. 
They were also very tricky to use.
● In 1680 he was elected as part of the Royal 
Society.
● His work has opened up the way for future 
generations of scientists to learn more about 
natural history and medicine, and to use this to 
improve the world around us. 

14



GETTING SMELLY FOR SCIENCE
Although self-experimentation was not unique for this era, Leeuwenhoek is especially remembered for his peculiar 

and sometimes smelly home-based experiments.

TeEtH ScRaPiNg
In 1683, Leeuwenhoek made 
observations about plaque on 
teeth. He didn’t clean his teeth for 
three days and then collected his 
own plaque for observations. He 
also continued his observations by 
collecting plaque from two women 
and two men who had never 
cleaned their teeth before. (Super 
gross. Ed.) He looked at all of the 
specimens under his microscope 
and wrote about each one.

He described the plaque of one of 
the men by saying:
‘an unbelievably great company of 
living animalcules, a-swimming more 
nimbly than any I had ever seen up to 
this time’

The sketches in his notebook of 
‘animalcules’ in the mouth are 
described today as microorganisms. 
The ones he saw specifically include 
oral bacteria. This finding was the 
gateway to the amazingly complex 
world that exists within the human 
mouth.

SwEaT CoLlEcToR
Leeuwenhoek also designed an 
experiment to find out how much 
water is regularly lost through the 
skin in a day. To do this he 
weighed a dry beaker then put 
his own hand inside it and used a 
handkerchief to seal the top of 
the glass. He watched moisture 
condense on the inside of the 
glass. Finally he was able to 
weigh the sweat he had collected 
from himself and, based on the 
surface area of his hand, he 
calculated how much vapour was 
excreted. From this he estimated 
that the whole body must 
produce 28 fluid ounces (828 ml) 
every 24 hours. 

GrUbBy lIcE LeGs
To observe and describe a louse 
feeding, Leeuwenhoek let a louse sit 
on his hand and draw blood from 
him so he could observe how it fed. 

Super, super gross. Ed.

If you think that is disturbing then 
you may not want to read on...
Leeuwenhoek conducted another 
lice experiment in which he put adult 
lice on his leg and covered them with 
his stocking then left that stocking 
on and didn’t have a wash for six 
days. After six days he removed his 
sock and observed over 80 louse 
eggs stuck to his leg hair. But it 
doesn’t stop here, brace yourself for 
feeling itchy...

Leeuwenhoek then put the sock back 
on and left it on for another four days 
with no washing (I make that a 
total of ten days without a 
wash... ). The result was that he had 
at least 25 young lice living on his 
leg. At the end of the experiment 
he felt so disgusted by it all that he 
threw his lice-filled sock out of the 
window and then cleaned his leg by 
rubbing it with ice two times. (Bath? 
soap? Maybe he should be called 
Peew-enhoek? Ed.) Based on his 
findings he calculated that in just 
eight weeks, two lice could become 
ten thousand young lice on a ‘Person, 
who does not have a change of linen or 
garments.’

A few of Leeuwenhoek’s other 
peculiar experiments:
● When he was ill he examined 
his own tongue and saw it had a 
furry texture. He scraped the 
white substance off his tongue 
and looked at it under the 
microscope for observation.
● He examined pepper water, 
river water, snow water, rain 
water, dirty water from a well 
near his house and sea water 
collected for him by a stranger. 
Often leaving it out a number of 
days and examining it regularly.
● He also observed cheese fungi, 
animal sperm, animal bile liquid, 
urine and exploding gun 
powder. (Super super super 
gross. Ed.)
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Among the works of art that are held in 
trust by Queen Elizabeth II, there is an 
extraordinary treasure which once 
belonged to her grandmother. Almost a 
century after it was first created, Queen 
Mary’s dolls’ house still amazes those who 
get to take a glimpse inside. 

In 1920, Queen Victoria’s granddaughter, 
Princess Marie Louise, visited the Summer 
Exhibition at the Royal Academy of Art. It 
was there, amongst works by the greatest 
artists of the day, that she met with the 
renowned architect Sir Edwin Lutyens. 
Throughout his varied career, Sir Edwin had 
designed public buildings, bridges, 
memorials, castles and country houses all 
over the world. But instead of asking him to 
design a grand house on a huge scale, the 
princess wanted him to build a grand dolls’ 
house, on a very tiny scale.

This was to be a dolls’ house unlike any 
other. It would contain extraordinary insight 
into the artistic and creative talents of the 
early twentieth century. The princess 
wanted the house to be a gift for her friend, 
Queen Mary, but the government had 
recently decided that, in 1924, they would 
hold an exhibition to promote the trade 
and industry of the British Empire. Queen 
Mary’s dolls’ house was the perfect 
opportunity to showcase the best of British 
manufacturing. It would be displayed as 
part of the exhibition.

Small Ville
The princess and the architect brought 
together a committee to assemble 
craftspeople who could make the house 
and its contents. Lutyens wanted it to 
contain the very best examples of what was 
available to a royal home in the early 1920s. 
He held dinners at the Savoy Hotel and 
invited contributors to become involved. 
Manufacturers and craftspeople were asked 
to donate small-scale versions of their 
products. Artists were asked to decorate the 

walls, and writers and composers were 
asked to produce new pieces for the tiny 
dolls’ house library.

Royal life in 
miniature
Lutyens himself designed the exterior of the 
house in the popular Palladian style of 
architecture. Inspired by the sixteenth-
century Venetian architect, Andrea 
Palladio, it was extremely popular in 
Europe right up until the twentieth century. 
The landscape gardener Gertrude Jekyll 
designed the beautiful ornamental gardens, 
which fit into a drawer that slides out from 
beneath the house. She had worked with 
Lutyens many times before (on real gardens) 
and, in this extraordinary little garden, every 
leaf and petal were handmade perfectly to 
scale. But it is inside the house that the most 
astonishing achievements can be found. 

Kathryn Jones, Senior Curator of Decorative 
Arts at The Royal Collection Trust, is 
responsible for the care of the house today. 
She describes how ‘Every object in the 
house is a delight because of the care and 
attention to detail lavished upon it, but 
some of the most interesting things are 
those where the details are hidden away.’ 
She points out a tiny copper kettle which 
was made from a penny, a miniscule copper 
tea set in a gilded metal box, which was 
thought to have been a gift to the queen 
from her mother, and a toy theatre in the 
nursery which has sets for a miniature 
production of Peter Pan. There are hot-water 
bottles in the beds, a silver dinner service in 

FUN FACT TRUMPET  
The main structure of Queen Mary’s dolls’ 
house was built inside Lutyens’ office but 

it was so large that, to get it out, a wall 
had to be removed. It spent the next two 
years in Lutyens’ house, where the queen 
came to visit and see the progress of the 

decoration and furnishings.
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the dining room, hand-woven carpets and 
even a Hoover vacuum cleaner. There is a 
tiny Fabergé mouse which has diamonds 
for eyes, a Cartier clock, vases made by 
Royal Worcester, and a Rolls Royce 
Limousine which was made by Twining 
Models. 

A house to be 
played with?
The walls in the nursery were painted with 
a fairy tale mural by the illustrator Edmund 
Dulac, the linen tablecloth is an exact copy 
of one from Buckingham Palace, and there 
is even a perfect little set of Crown Jewels 
with replica diamonds and pearls. Not only 
are the objects detailed recreations, but 
many of them are also fully operational. The 
house has working electric lighting, a 
functioning lift, taps with hot and cold 
running water, and even a flushable toilet. 
Although Kathryn Jones has confirmed that 
they don’t usually keep water in the tanks 
(and probably best not to try flushing 
anything down it either, however 
miniature! Ed). There is a safe with a 
working lock and a secret combination, a 
box of real paints, and a bicycle with 
working brakes. The pantry contains 
miniature packets and jars filled with jams, 
tea, mustard and chocolate. There are also 
tiny bottles of champagne, crates of ale and 
barrels of whisky. 

The shelves in the library are filled with 
books, some of which contain stories 
especially written by the most famous 
authors of the time. Thomas Hardy, 
Rudyard Kipling, A. A. Milne, and Sir 
Arthur Conan Doyle all wrote brand-new 

stories. There are 750 works of art by the 
best-known artists of the day including Paul 
Nash and, amongst the 50 unpublished 
music scores especially composed for the 
house, there is even one by Gustav Holst. 
However, not everybody wanted to be a part 
of the house. The composer Edward Elgar 
and the writer George Bernard Shaw refused 
the invitation to be involved. The film star 
Charlie Chaplin did agree to paint a self-
portrait but unfortunately his work 
never arrived. 

Once the house was completed, it spent 
seven months on display at the Empire 
Exhibition in Wembley, where it was seen by 
more than 1.6 million visitors. After the 
exhibition the house was moved to Windsor 
Castle and placed in a room that was 
especially designed for it by Lutyens. This 
incredible time capsule can still be visited by 
the public today, although it may or may not 
be on show, depending on when you’re 
reading this.

FUN FACT TRUMPET 
The earliest known miniature models 

have been found in tombs in Egypt 
dating back to the Old Kingdom.

FUN FACT TRUMPET  
Queen Mary’s dolls’ house is built to 

1:12 scale. This means that everything 
is one twelfth of the size of the object 

it represents.

A Very Brief 
History of the 
Dolls’ House
Dolls’ houses first became popular in 
Europe in the sixteenth century. They 
were originally cabinets that displayed 
individual rooms and they were 
known as ‘baby houses’. Just like 
Queen Mary’s dolls’ house, they were 
not meant for children to play with. 
Instead they were a sign of the wealth 
of the owner who could afford to pay 
the skilled craftsmen to make them 
and the objects inside. With the arrival 
of the Industrial Revolution, it 
became possible to mass-produce 
dolls’ houses and their furniture. 
Specialist dolls’ house manufacturers 
catered to the wishes of each collector. 
After World War II, factories were able 
to create houses even more cheaply 
and many children were lucky enough 
to grow up playing with their very 
own. Today dolls’ houses are loved by 
children and collectors all over the 
world.
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Imagine the 
scenario: 
You’ve found a tiny and fascinating 
thing while out on a walk. You really 
want to check out the details on it 
but you have no microscope (or 
Foldscope) to hand, just your picnic 
and a mobile phone. What should 
you do?

A Eat your picnic and forget about 
the thing

B Eat your sandwiches and put the 
tiny thing in your sandwich box. 
Then hope desperately you can find 
it again when you get home

C Get out your water bottle and 
smartphone and create your own 
field microscope

Obviously the answer is C, because 
you are an AQUILAnaut! 
 

YOU WILL NEED:
– An adult’s permission to put water on 
the tech item – they’ll probably want to 
supervise you!
– A phone or tablet with a camera
– Water
– Tissue (for drying)

1 Carefully clean the lens of the camera 
with a tissue and then wash your hands. 
Make sure to rinse all the soap off.

2 Dip your finger in the water to get a 
drop on your fingertip.

3 Very carefully put the drop onto the 
lens of your camera. You might need to 
add another drop to make a very neat 
single droplet that covers the lens. 
Remember to dry any excess. 

4 Carefully turn your phone/tablet 
over so the droplet hangs down. This 
will take a bit of practice. If the drop is 
too big it will fall off. Can you see how it 
has made a curved surface, just like the 
lens of a magnifying glass?

5 Switch on your camera app and 
place the lens of your camera about 
1 cm from the object. It needs to be 
REALLY close but not touching. Move it 
closer to the object or away from it – by 
a TINY amount – to make it focus. It’s a 
really tiny difference between beautiful 
detail and a blur! 

6 Use the camera app to take some 
photographs of your sample.
 

HOW TO MAKE A MICROSCOPE

Normal photo 
taken on phone’s 

camera lens

Photo taken with water droplet 
on phone’s camera lens
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WATER DROPLETS
A water droplet is held in shape by 
surface tension. This is caused by the 
hydrogen bonds (see diagram below) 
that form between water molecules. 
Molecules at the surface of the water 
are more strongly attracted to other 
water molecules than they are to the air 
that surrounds them. We call this 
cohesion (clinging). 

HYDROGEN BONDING: A water 
molecule is slightly positively 
charged on one side and slightly 
negatively charged on the 
other. The opposite charges 
attract and the molecules bond 
together in a hydrogen bond. 

The cohesion of water molecules 
and the hydrogen bonding 
between them gives us surface 
tension. It makes a strong ‘skin’ 
on the surface. Try carefully 
placing a paperclip on the 
surface of a glass of water. 
Surface tension should hold it in 
place. Add some soap, the 
hydrogen bonding is broken and 
the paperclip will sink! 

BENDING LIGHT
The water droplet will form a curved surface 

when you turn it upside down. However, 

this will only happen so long as the drop 

isn’t big enough for gravity to take over and 

turn the droplet into a driplet! 

The curved surface bends the light rays 

coming from the object into the camera 

lens, so a small object appears larger:

A larger, rounder drop will give you higher 

magnification but it is more difficult to stop it 

dripping! If you have a problem keeping your 

camera still, you could use a couple of 

equal-sized mugs to make a stand to rest it 

on. Then you can just move your sample in 

underneath the camera lens.

You’ll notice that the image is blurred at the 

edges. This happens because the water lens 

focuses the image in a curve, just like the 

surface of the droplet. This means the image 

will be out of focus around the edge when it 

is in focus at the centre – and vice versa. It’s 

not perfect but be honest, what do you 

expect for the price of a drop of water? W
or

ds
: S

ar
ah

 B
ea

rc
he

ll.
 Il

lu
st

ra
tio

n:
 K

al
ey

 M
cK

ea
n

19



Ever wondered what bugs, bacteria and parasites live on your body? No, well can’t say we blame you but honestly it’s 

fascinating, in the same way watching a spot being squeezed is fascinating. Just about to eat? Turn away now because 

we hate to break it to you, but you’re teeming with millions of living organisms. Let’s take a look at the grossest:

Belly Button Beauties
Are you an innie or outie? Doesn’t 
really matter because what’s going on 
inside your belly button is nothing 
short of amazing. Due to the fact that 
you never really give that belly button 
a thorough clean (come on, do you?), 
that little crevice is awash with 
bacterial life. So. Gross.

A belly button study in 2011, yes 
really, showed that from 60 subjects 
some 2,368 different types of bacteria 
were found. One guy was even found 
to be carrying bacteria only found in 
Japan, even though he’d never been 
to Japan. What? Come on now.

Demodex Mites
You’ve got a little something right there on your face. 
No. Up a bit, there you go. Oh no wait there are 
HUNDREDS of them. I’m sorry to break this to you but 
right now you have literally hundreds, if not 
thousands, of spider-like creatures living on your face.

They are in fact mites with eight stubby little legs and 
long bodies that spend their days going for 
Starbucks, watching the game and hanging out ON 
YOUR FACE, in your eyebrows and in your eyelashes. 
At night, they move around laying their eggs in your 
pores while you gently dream the hours away, 
oblivious to their movements.

There are two types of these delightful creatures: the 
ones that prefer your hair and outer layers of your 
skin, with the catchy name Demodex folliculorum, and 
the other type, who prefer your oily sebaceous 
glands, known as Demodex brevis. As if it wasn’t bad 
enough that there were living creatures trampling 
across your face, treating you like a hotel, then there’s 
one more fact that you really need to know. 
Demodex mites don’t have bums. It’s true. So, when 
they die, they kind of… explode, leaving their poo to 
be absorbed into your skin. I’m sorry, but you had 
to know.
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Blink for Bees
Now, whereas the microscopic mites 
mentioned above exist on our skin 
and hair relatively harmlessly, there 
are times when insects have no place 
on your face. Probably the best 
example of this is the woman from 
Taiwan who, after heading to hospital 
with an eye infection, wound up 
having four BEES removed from 
inside her eyelids. Dude, you’ve got, 
like, four bees in your eye. These little 
stingy rascals had been drinking her 
saltwater tears and presumably 
doing… no, we’ve got nothing, no 
idea…. Magic spells?

The eye specialist was able to pull 
each one gently out by their scrawny 
bee legs and released them alive. The 
bee species was, naturally, the sweat 
bee or Halictidae, famous for being 
really into human sweat because 
that’s nice.

Off the Hook
And into your body, we’re talking of course about 
worms, so many worms, and each one more 
grotesquely unattractive than the last. The thing about 
some of these little fellows is that you may not realise 
you have them until the symptoms get more severe.

If you spend a lot of time without your shoes on in a 
hot climate with poor sanitation, you might find 
yourself picking up a hookworm. These truly 
disgusting creatures live in poop and can enter your 
body when trodden on. They’ll make themselves very 
nicely at home in your gut and don’t really cause too 
many problems apart from maybe the odd stomach 
ache. Literally the only pleasant thing about these guys 
is that often they go away without needing treatment.

There are plenty of other types of worm, including the 
stuff of nightmares that is the tapeworm. Usually 
contracted by eating undercooked meat from an 
infected animal, this one can grow to up to 25 metres 
long and live for up to 30 years if left untreated in 
a host. 

Bubbling Bacteria
But let’s return finally to bacteria. Of all the 
delightful living organisms on your body, bacteria 
is by far the most prevalent, but bacteria is just 
part of the picture, alongside this you also have 
your fair share of archaea (similar size but 
molecularly different to bacteria), protozoa 
(single-celled organisms that feed on organic 
matter) and fungi.

Collectively termed microbes, this little gang 
number in the trillions and make up 1-3 per cent of 
your total body mass.

For the most part the microbes rub along pretty 
well and don’t cause you any problems. A lot of 
them, some 500 to 1,000 types of species in fact, 
live in your gut and have actually become very 
beneficial, helping to break down food and even 
aiding in the production of vitamins B and K. So 
we’re all good right? Well, not quite. There are 
some smelly side effects. Your sweat, for example, 
doesn’t naturally smell. It’s the bacteria that gives 
it that pong.

Phew, you might need a lie down after 
all that, but then again,  have we told 

you about bed bugs…?
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As powerful microscopes let us see ever-tinier objects, we get into complex 
mathematical and philosophical realms. How small can something be, anyway? And 
are you still looking at it when you’re looking at its atoms?

In ancient Greece, the philosopher Zeno (we met him briefly in the last issue) was 
already musing on similar ideas, like dividing time and space up into infinitely small 
pieces. With these ideas, he created a paradox of motion (sounds fancy, ed) – a 
seemingly contradictory statement – based around a race…

THE RACE IS BETWEEN:

Achilles, 

a super-fast demigod from 
Greek mythology 

A tortoise…

just a plain old everyday 
tortoise

and 

Achilles gives the tortoise a headstart, which seems fair. Let’s find out 
from Zeno what he thinks will happen next.

Zeno:
In a race, the quickest runner can never 
overtake the slowest, since the pursuer 
must first reach the point whence the 
pursued started, so that the slower must 
always hold a lead.

Calculata:
Umm… what? (Ooh, you’re not 
confused are you Calculata? Ed)
Shh. So you’re saying that by the time 
Achilles gets to where the tortoise started, 
the tortoise will have moved on. So far, so 
good. But then by the time Achilles gets to 
where the tortoise has moved to, the 
tortoise will have moved on again. And 
then again.

I see… Achilles is always chasing, but never 
catching. That does seem to be a bit of a 
dilemma. Hold on while I get a pencil out.
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WHAT IS A PARADOX 
AND WHY ARE THEY 
IMPORTANT?
A paradox translates from Greek 
to: against common beliefs or 
normal assumption. In philosophy 
(and science) you can find 
yourself with a problematic 
result from a strong starting 
point. Paradoxes are important 
because they help highlight 
when something is wrong and 
whether what we assumed to be 
true, actually is. Paradoxes can 
challenge our view of reality and 
get us to question whether our 
assumed realities here on visible 
Earth translate on telescopic or 
microscopic levels. They also 
show us that maths can give us 
tools to consider philosophical 
questions, but we can’t rely on 
maths to solve them for us. Zeno 
is asking us to think about the 
nature of motion itself, and how 
it interacts with time. Calculata’s 
sum gives us useful information, 
but it doesn’t answer the 
philosophical question of 
whether Achilles can do infinitely 
many things in a finite amount 
of time. 

How do you reconcile Zeno’s 
Paradox in your head?

Aristotle (another ancient 
Greek philosopher) says:
– As Achilles gets closer to the 
tortoise, he needs less time to cover 
each segment of the tortoise’s lead. 
The time required to complete each 
segment is getting infinitely 
small too. 
– There are different kinds of 
infinities. Just because something can 
be broken up into an infinite number 
of tiny pieces doesn’t mean that it’s 
infinitely big – however much you 
wish that pizza was!

Zeno:
I’ll give you an example. Imagine that 
Achilles is only going twice as fast as 
the tortoise (he must be walking!) and 
he gives the tortoise a 1 kilometre (km) 
head start. 

By the time that Achilles gets to 1 km, 
the tortoise will have moved another 
½ km. The tortoise is still ahead at 
1½ km, though her lead has halved.

By the time that Achilles gets to 1½ km, 
the tortoise will have reached 1¾ km. 
Her lead has halved again, down to 
only a ¼ of a km, but she’s still ahead! 

Each time, as Achilles catches up to the 
tortoise’s past position, he halves her 
lead. At first her lead is 1 km, then 
½ km, then a ¼ km and so on. Just keep 
halving to get the next number. 

This series of numbers (1, ½, ¼, 1⁄8, 1⁄16, 
1⁄32…) keeps going on forever. The 
numbers will get tinier and tinier 
– infinitesimally small! – but they’ll 
never actually disappear. So the 
tortoise gets to stay ahead. Even if her 
lead could only be determined by a 
microscope! (How do you know 
what a microscope is Zeno? It 
won’t be invented until about 1590! 
Ed)

Calculata:
Oh no, that can’t be right… Wait, I have 
an idea! This set of numbers tells us how 
far the tortoise moves at each stage. So 
let’s sum them up to find out how far 
she’s going in total. The sum will be 1 + ½   
+ ¼   + 1⁄8 + 1⁄16 + … How can we figure that 
out?
First, we have 1. Easy enough. Then we 
have ½   + ¼   + 1⁄8 + … A little trickier…

But wait, bear with me a second and 
imagine you have one pizza. First, grab 
half of it. Then grab another quarter of it. 
Then grab another 1⁄8 of it, and so on. 
You’re never going to run out of pizza, are 
you? So ½   + ¼   + 1⁄8 + … can’t be more 
than 1!

And, as we all know, 1 + 1 = 2, so in Zeno’s 
story the tortoise is going a maximum of 
2 km. Achilles will catch up to her at 2 km 
and once they go past that, Achilles will 
be in front!

Zeno:
Ahh, but how will they ever get past 2 
km? For that which is in locomotion must 
arrive at the halfway stage before it arrives 
at the goal. And before that it must get 
halfway to the halfway stage. And before 
that it must… 
There are infinitely many things to do 
before anyone can get to 2 km. It seems 
I’ve found another paradox!

Calculata:
Aargh!
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It’s funny how the bottom falls out 
of your world, yet the world keeps 
spinning. My wonderful dog, 
Marbles, died three weeks ago. She 
was everything to me. I didn’t have 
friends. People didn’t understand 
me, I didn’t understand them. But 
Marbles would look at me with big, 
brown eyes and understand. Now, I 
felt empty and alone.

It was a gloomy, wet August day 
when Uncle Rufus came. The whole 
summer had been wet and wasted. 
It was, undoubtedly, the worst 
summer I could remember.

There were murmurings downstairs. 
I caught Mum’s occasional words – 
‘dangerous’, ‘never again’, ‘you 
promised’. She wasn’t happy that he 
was visiting. Things had been weird 
enough lately. A car parked 
opposite our house a week ago and 
hadn’t moved since. A van delivered 
twenty packets of frozen peas 
which Mum hadn’t ordered but 
kept as they’d been paid for. Then 
estranged Uncle Rufus announced 
he was coming. We’d never met. 
Mum always avoided my questions 
about him, which is why, naturally, I 
couldn’t wait to meet him. 

I hurtled into the living room. My 
uncle was tall, with grey-flecked 

hair and serious eyes. He brushed 
something on his left shoulder and 
looked at me thoughtfully. 

‘Jeremy.’ 

‘Yes,’ Mum said, folding her arms 
defiantly. ‘We’re just off shopping.’

‘Are we?’

‘Yes,’ Mum repeated, her voice like 
concrete. 

Uncle Rufus raised an eyebrow.

The phone rang. Mum glared at 
Uncle Rufus accusingly, as she 
answered.

‘Hello? Really? No one else–? Fine. On 
my way.’ She slammed down the 
phone and narrowed her eyes at 
Uncle Rufus. ‘Work. There’s a 
problem.’

‘Really?’ said Uncle Rufus, his eyes 
twinkling mischievously.

I tried to hide my excitement. ‘I’ll be 
fine here.’ 

‘Leave your uncle alone, he’s – busy.’ 
Mum glared at Uncle Rufus again, 
before slamming the front door 
unnecessarily hard behind her.    

‘What exactly do you do, Uncle 
Rufus?’ I asked. 

Uncle Rufus touched his left shoulder 
again. 

‘Work for MI5? Are you a spy?’

‘I keep busy.’

‘How long are you staying?’ 

‘Until I leave.’ He touched his 
shoulder again, moved to the 
window and drew the curtains. He 
stared at me intently. I had a million 
questions but knew it wasn’t my 
turn... Finally, he broke the 
unbearable silence. 

‘Get some frozen peas.’

‘Sure.’ Did Uncle Rufus have 
something to do with the packets of 
peas? I didn’t ask. I just headed for 
the kitchen and heard the living 
room door close. I felt the usual pang 
as I stepped over Marbles’ water bowl 
(I couldn’t part with it) and grabbed 
some peas from the freezer. Heading 
back, I saw a strange blue glow 
coming from underneath the living 
room door. Then it faded. Odd. I 
opened the door. 

‘Frozen peas, Uncle Rufus.’ 
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He didn’t take the packet but pulled 
a penknife from his pocket and 
sliced the corner. I couldn’t contain 
the question  any longer. ‘Why do 
you need them?’

His eyes had glinted when the 
phone rang. Now they just looked 
dangerous. I was on thin ice. Part of 
me wanted to retreat to the safety 
of my room, but more of me wanted 
to fall into the icy water and see 
what lurked beneath. 

‘I don’t spy,’ Uncle Rufus said quietly. 
‘I never spy. I watch.’

I swallowed hard. ‘Watch – for 
what?’

‘For movement,’ he said, staring at 
his left shoulder. ‘For ripples in the 
world. For shadows in the corners. 
For signs of knowledge.’ He looked 
at me so suddenly that I flinched. 
‘Get a pea.’ My uncle patted his left 
shoulder. ‘Throw it here.’

This was absurd, but I did as he 
asked. The pea had nearly reached 
his shoulder… then suddenly it 
vanished in mid-air. I gasped. 

‘But… where…?’

My uncle smiled darkly. ‘Open this 
box, but no touching.’

He handed me a tin the size of a 
pencil case. It pulsated in my hand. 
Slowly I opened it and my breath 
stuck in my throat. A blue glowing 
crystal –

‘From caves in the old Nepalese 
kingdom of Mustang. The crystals 
have harvested centuries of energy. 
We got them all out just before the 
archaeologists got in,’ my uncle said. 
‘Nature works with those around it. 
Magic often does not. Never touch 
this crystal. It is treacherous. It feeds 
off the energy from its neighbours, 

but it betrays those who sustain it. 
The crystal light alone reveals what 
once lived unseen beside it in the 
caves. Point the light at my shoulder.’

My heart thumping, I did as he 
asked. A jolt shot up from my 
stomach. There, revealed in the blue 
glow, and sitting on my uncle’s 
shoulder, was a gremlin-like 
creature, no bigger than a hamster. 
Big black eyes. Pointy, horizontal 
ears...  

‘What – what –?’

‘A gurling. Throw another pea. She 
loves them,’ Uncle Rufus said, 
stroking the creature’s grey fur. 

I did so, staring as the creature 
caught the pea in its mouth. ‘Why’s 
it THERE?’ 

‘Safest place for now.’ He glanced at 
the curtains. ‘I’m not the only one 
who watches.’

Suddenly he grabbed the tin from 
me and snapped it shut. The gurling 
disappeared. ‘Can you be trusted?’ 
Uncle Rufus asked. He narrowed his 
eyes. 

I nodded my head, excited and 
afraid in equal measures. 

‘I need an assistant. A delicate 
operation. Someone has betrayed 
me. Until I find out who, family is the 
safest option.’

‘Anything,’ I said, ‘anything I can do 
to help.’ 

My uncle smiled. ‘I won’t tell your 
mother. We’ve got three hours 
before her work problem is 
resolved.’

‘The phone… did you arrange –?’ 

‘Shoes on.’

I slipped my trainers on as my uncle 
opened the front door. He marched 
me over to the car which had been 
parked opposite. A small cage sat in 
the footwell of the front passenger 
seat. He ushered me into the back 
seat. As I fastened my seatbelt, Uncle 
Rufus lifted something invisible from 
his shoulder and put it into the small 
cage. Then he showed me a 
blindfold. 

‘The less you know, the better.’

I nodded and let him slip it over my 
eyes. Moments later we were 
swinging around in all directions, 
speeding and braking without 
prediction. The blackness made me 
feel sick. The road became bumpy 
and then my uncle slammed on the 
brakes. As I jolted forwards in my 
seat, he turned off the engine.  

‘Blindfold off,’ my uncle said. ‘I’ll need 
your eyes.’ 

With great relief, I removed the 
blindfold, taking deep breaths, trying 
to force the nausea away.  

We were on a narrow, overgrown 
track. Trees and brambles pushed in 
on both sides. 

My uncle got out of the car. I 
clambered out and stood next to 
him. In front of us, at the track’s end, 
was a metal gate, bearing a yellow 
sign with black lettering: DANGER OF 
DEATH! NO UNAUTHORISED 
PERSONNEL. KEEP OUT.

My uncle smiled. ‘Splendid,’ he said. 
‘We’re going in.’    

Where is the enigmatic Uncle 
Rufus taking Jeremy? Was Jeremy 
right to trust his uncle, or is his 
summer about to go from bad to 
worse? Find out in Part Two, next 
month in AQUILA.
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