
Quantum Explainers 01
ATOMS
‘Atoms’ are the tiny particles that make 
up all solids, liquids and gasses. They’re 
like a kind of really small Lego block. 
They’re so tiny that you can’t see them, 
not even with a normal microscope!

Different things are made from different 
types of atoms. Some things are made 
from just one type of atom, like gold, 
but others are made from mixtures of 
different atoms. Water is made from 

hydrogen and oxygen atoms. People 
are made from lots of different kinds 

of atoms, but the main ones are 
carbon, hydrogen and oxygen.

The word ‘atom’ comes from 
the Greek word ‘atoma’ meaning 

‘indivisible’. When we first discovered 
them we thought they were the smallest 
things possible.

ENERGY
Energy makes things happen! Energy 
can make things that are standing still 
move, make cold things hot or light up 
the darkness. We use energy every 
day – it makes our cars move, cooks our 
food and makes our phones work.

There are different types of energy 
and it can change from one form to 
another. For example, a car changes 
the chemical energy in petrol to kinetic 
energy as it moves. And our kitchen 
stove converts electrical energy to heat.

Your own body even does this by 
converting the chemical energy in 
your food to kinetic energy when you 
move around.

Energy is what allows us 
to do ‘work’. Work is using 
energy to do anything 
useful, like lifting a weight, 
or even just thinking.

Since then we’ve learned that even 
atoms are made up of smaller particles. 
In fact, we can ‘split’ atoms — that’s how 
nuclear power stations work.

We’ve arranged all of the 
different types of atoms 
we know about into the 
‘periodic table of elements’, 
based on the number of protons 
each atom contains.

QUANTUM FUNDAMENTALS

This means everything!

Protons are one of 
the things that make 
up an atom.

Kinetic energy is the 
energy of movement.

For example, a 
hydrogen atom has 
one proton, oxygen 
has eight and gold 
has 79.

A section of the Periodic Table
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We can see lots of different colours 
– all the colours of the rainbow. But 

there are some colours that 
we can’t see, like infrared, 
which is what makes you hot 

in sunlight and ultraviolet, 
which we protect ourselves 

against with sunscreen.

QUANTISED AND 
QUANTUM
The word ‘quantised’ means that you 
can only ever have certain numbers 
of something.

Eggs are a good example of this. 
A chicken may lay an egg or 
maybe even two in a day, 
but never half an egg 
or three-fifths of an 
egg. So we say that 
eggs are ‘quantised’ in 
whole numbers.

Something like water is very different. 
You can have a lot or a little water, but 
you can never have ‘one’ water – water 
is continuous, not quantised.

A quantum is a single amount of 
something that is quantised, so one egg 
is a single quantum of egg.

Quantum physics deals with the world 
on a very small scale, where lots of 

things are quantised, including 
things like energy that are 
normally continuous.

Wavelength is the 
distance between peaks 
or dips of a wave

Sound moves as waves. 
The width of the wave is 
related to its frequency.

Frequency is measured 
in Hertz (Hz).

NOISE
When you think of something being 
noisy, you may think of sounds that stop 
you hearing what you want to hear, like 
someone talking when you’re trying to 
watch a movie.

In science, ‘noise’ isn’t just sound, it can 
be anything that makes it difficult to find 
what you’re looking for, like smoke from 
a fire making it hard to see the stars.

In quantum physics, we need to measure 
things that are really small. This can be 
hard because the noise is often bigger 
than the thing we’re trying to measure.

Noise is grouped into different types. 
(We give them colourful names, but 
they’re not actually coloured).

White noise appears across a broad 
range of frequencies.

Brown noise comes from 
machines or electronics 
and usually occurs at 
particular frequencies. 50 Hz 
noise coming from electrical 
equipment is a very common 
problem in science labs!

Pink noise comes from nature. 
For example, people on submarines 
sometimes have their sonar systems 
interrupted by lots of shrimp snapping 
their claws at the same time!

LIGHT
We see things when light bounces off 
them and enters our eyes.

The colour of light depends on its 
wavelength. Red has a long wavelength, 
while violet has a shorter one. 
That’s why they’re at opposite ends 

of a rainbow. 

equs.org

This work is licensed under CC BY-NC 4.0

0261 Quantum explainers.indd   20261 Quantum explainers.indd   2 9/6/2025   7:06 pm9/6/2025   7:06 pm



Quantum Explainers 02

BOSONS

FERM
IO

N
S

WAVEFUNCTION
In quantum physics, everything 
can be thought of as a wave. We use 
maths to describe the shape and size 
of this wave, and this is called the 
‘wavefunction’.

The wavefunction tells us everything 
we need to know about a particle, like 
where it might be and how it might 
behave. The wavefunction of a particle 
describes its ‘quantum state’, which 
is a fancy way of saying what we’d 
expect the particle to look like when we 
measure it.

SPIN
In the quantum world, all things are 
made of particles. Even light is made up 
of particles called ‘photons’.

These particles have something that 
we call ‘spin’, a bit like the way a ball 
can spin around. It’s not exactly the 
same, but our world doesn’t have a 
good example of how it really is – that’s 
how different the quantum world is to 
our own!

One difference between the world we’re 
used to and the quantum world is that 
spin is ‘quantised’.

Particles with ‘half 
integer’ spin (e.g. ½ or 1½) 
are known as fermions. 
Particles with ‘full integer’ 
spin (e.g. 0, 1 or 2) are 
known as bosons. The spin 
of these two types of particle means 
that they behave very differently from 
one another.

QUANTUM STATES

An integer is just a 
word for any whole 
number, like 1, 37, 854 
and all of the others.

This means that it 
can only have certain 
values – in this case, 
only full numbers and 
½ numbers.

Even people!
Waves can take on lots of different forms
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BOSE-EINSTEIN 
CONDENSATE
When you make some 
kinds of particles really, 
really cold, they all start 
to behave in exactly the 
same way, so that you 
can’t tell them apart. This is called a 
‘Bose-Einstein Condensate’ or BEC.

Bose-Einstein condensation only 
happens for bosons – particles which 
have whole-number spin.

At these cold temperatures, the bosons 
have very little energy to move around, 
which makes their wavelengths get 
larger. When that wavelength grows 
to become similar to the distances 

between the particles, the bosons 
form a quantum state of a BEC, 
where all the bosons behave 
identically as one big, but spread-
out particle.

BECs allow us to study the 
quantum world at much larger scales 
than we’d usually be able to see it - 
sometimes as large as millimetres!

BECs have helped make 
measurements more precise 
and may eventually make 
better sensors for things 
like navigating.

We mean really cold. 
Below -270°C! That’s 
almost as cold as 
it’s possible to make 
something.

BECs might one day  
give us better navigation.

When the bosons’ wavelengths overlap with one another, they 
behave as if they were just one particle!

High temperature Slightly above absolute zeroLow temperature Bose-Einstein condensate

QUANTUM 
ENTANGLEMENT 
Imagine having two lights that are 
linked so that there’s always one that’s 
on and one that’s off. Turning one of 
them on or off means that the other 
must change at the same time. We can 
say that the two lights are ‘entangled’, 
because the state of one depends on 
the state of the other.

At the quantum level, the same thing 
can happen with particles, where the 
quantum state of one particle depends 
on the quantum state of others.

Even if the particles are moved very 
far away from each other, this 
link can still exist. In the 
future we hope to 
use this as a way 
to communicate.
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INTERFERENCE
Interference is what happens when 
waves mix together, like waves in water.

If the peaks of two waves mix, this will 
make a really big wave. This is called 
‘constructive’ interference. If the peak 
of one wave hits the dip of another 
wave, this will cancel out both waves. 
This is called ‘destructive’ interference.

In quantum systems, it’s not just waves 
that can interfere, particles do it too!

DOUBLE SLIT 
EXPERIMENT
If you throw tennis balls at a screen 
with two holes in it, the balls will go 
through one or the other of the holes 
and predictably end up in two piles on 
the other side of the holes.

Waves behave very differently. A wave 
that hits the same screen (e.g. a sound 
wave) will go through both holes at 
once and waves will spread out from 
each hole. These waves will then 
interfere with each other on the other 
side of the screen.

Where the interference is 
constructive, it appears 

WAVE BEHAVIOUR

as bright bands of light. Where it is 
destructive, the bands are dark. This 
experiment shows that light is a wave.

Quantum particles 
do something strange 
when they go through 
the screen.

The particles arrive at the other side of 
the screen as a whole object, but they 
still land in a ripple pattern. They have 
behaved as both a wave and a particle 
at the same time!

Constructive interference
When the peaks line up, they form 

a bigger wave.

Destructive interference
When peaks line up with dips, they 

cancel each other.

Things like photons, 
electrons or even atoms.
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WAVEPARTICLE 
DUALITY

We normally think of particles being like 
balls, and waves being like water waves 
- very different things!

But at the tiny quantum scale, it turns 
out that waves and particles behave in 
very similar ways.

Things we think of as waves, such 
as light and sound, actually come in 
little particle-like packets of energy 
called ‘quanta’.

Things we think of as particles, such 
as electrons, can interfere with each 
other (think of waves on water mixing 
together), and so have a definite wave-
like character.

This is something that quantum physics 
calls ‘waveparticle duality’.

PLANCK’S 
CONSTANT, h
This is a very small number, named 
after Max Planck and represented by h. 
It tells us how much energy the tiniest 
piece of light (a photon) can carry.

The longer 
the light’s 
wavelength 
(that is, the 
redder it is), the 
lower its energy. 

You’d need the energy of 
7,500,000,000,000,000,000 
(7.5 quintillion) red photons just to heat 
a teaspoon of water by one degree. 
Amazingly, our eyes are so sensitive 
that they can detect a single photon!

Planck’s constant is used to work out 
the energy of a photon.

Particles show the same kind of distribution as waves 
in the double slit experiment

Max Planck was a German who 
made a lot of the discoveries that 
led to our early understanding 
of quantum physics. He won the 
Nobel Prize for Physics in 1918.

We mean unbelievably tiny.

‘Quanta’ is just the plural 
of ‘quantum’

Duality means being 
two things at once.

Lower energy Higher energy
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QUANTUM PRINCIPLES

MEASUREMENT
Imagine if looking at something 
changed what it looked like.

This doesn’t happen in the world we 
see around us, but in quantum physics, 
measuring something ‘forces’ it to 
become one thing or another.

This can happen with particles where, 
by measuring them, you force one of 
their properties to be fixed.

Even more strangely, forcing one 
property to become fixed forces 
another property to become 
unknowable. This is described by the 
‘Heisenberg uncertainty principle’.

When we drive a car, we can know its 
speed (from the speedometer) and 
where it is (from GPS or Google Maps) 
at the same time.

That’s not true when we try to 
accurately measure really small things 
like particles.

By measuring either speed or location, 
you can know its value, but it also 

means you can’t know the value of the 
other one.

The Heisenberg uncertainty principle 
states that you can never accurately 
know both the momentum of something 
and its position at the 
same time, or how 
much energy it has at 
a particular time. How 
accurately you can measure these 

things is set by 
Planck’s constant.

Before looking, the object is 
all the things it can be.

Looking at the object forces it 
to be one thing or another.

If we measure the location we can’t know 
the speed, but if we measure the speed 
we can’t know it’s location.

Measuring something 
is a way of observing it, 
like looking at it.

Momentum is how 
heavy something is 
times its speed.
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TUNNELLING
‘Quantum tunnelling’ is something 
completely unlike classical physics.

If you have a ball and try to roll it over 
a high hill from the bottom with a small 
push, you won’t be able to.

Quantum tunnelling is a bit of a ‘cheat’, 
as if there was a tunnel to the other 
side of the hill that you could roll the 
ball through.

Amazingly, particles can do something 
like this all by themselves at a quantum 
scale. They turn up in places where we 
wouldn’t expect them to be able 
to get to.

This is because, in the 
quantum world, the 
exact energy and 
position of a 

particle can’t ever be fully known. 
There’s a chance they could end up with 
either enough energy to go over the hill 
or to be positioned 
on the other side of 
the hill to start with.

This means that 
sometimes these particles can ‘tunnel’ 
across barriers that we wouldn’t expect 
them to be able to cross.

The chances of the particle tunnelling 
through the barrier depends on the size 

of the barrier: the higher it is, 
the less likely that the particle 

can tunnel. This is what 
causes radioactive decay.

We’re always uncertain 
about either the energy 
or the position

Radioactive decay is the 
way radioactive elements 
gradually break down by 
losing energy.

Coherence means that different 
things behave in the same way.

COHERENCE
Musicians in an orchestra sound good 
because they play the same tune, in 
time with each other. Physicists call this 
kind of agreement between different 
things ‘coherence’.

If each of the musicians started to 
play different tunes, it would sound 

very messy and there would not 
be a single coherent tune coming 

from the orchestra. This is called 
‘decoherence’.

Something similar can happen 
with waves when they spread 
out, and different parts of the 
wave ‘decohere’.
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