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PfB12 Week 2 
These are the questions & comments from Week 1 along with my responses.  
For everyone’s sake, I have removed any mention of people’s names.  
 
You said I said 
Thank you very much   I particularly 
enjoyed the songs! 

You are very welcome. I love the songs too. 

Looking forward to next week – Light. Thank you. You are welcome 
Very inspiring – still struggling with the 
field! 

We will go over the idea again and again in 
the following weeks. 

It’s so easy!! Thanks to you. 
Is the other stuff what Brian Cox refers 
to as the 4th something? 

Mmmm. It will get harder! 
Mmmm. I’m afraid I can’t quite latch on to 
what you are referring to. He could be 
talking about a 4th Dimension, or a 4th 
family of quarks, or something else. 
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You said I said 
Questions! 
1. Does each element 
differs just in the number 
of protons? Do they equal 
the no. of electrons? 
2. Difference between 
stable and unstable 
elements. 
3. Why does the rubbing 
bring the electrons to the 
surface of the balloon? 
4. Difference between 
electric field and electric 
particle. Two different 
things? Behave 
differently? 

Answers! 
1. No. Each element has atoms which contain a unique 
number of protons. For example the nucleus of a potassium 
atom always has 19 protons. If it had 18 protons it would be 
the nucleus of an atom of argon and if it had 20 protons it 
would be the nucleus of an atom of calcium. And the nuclei 
of potassium atoms usually have 20 neutrons. But variants 
(called isotopes) exist with many different numbers of 
neutrons, commonly 21 and 22. The number of electrons in 
an atom is equal to the number of protons in its nucleus. 
2. Roughly speaking, nuclei are unstable when the number of 
protons becomes too large compared to the number of 
neutrons. If this happens, the binding due to the strong 
force is not able to overcome the mutual electrical 
repulsion of the protons. The elements with small numbers 
of protons typically have around the same number of 
neutrons as protons. The elements with large numbers of 
protons tend to have more neutrons than protons – the 
extra neutrons help to keep the nucleus from flying apart. 
Details of the arrangement of protons and neutrons also 
make a difference, and just like the way electrons form 
shells around atoms, so protons and neutrons form shells 
within nuclei! Anyway, when the struggle between attractive 
strong forces and repulsive electrical forces gets out of 
balance, then the nucleus falls apart – and we say that 
element is ‘radioactive’. 
3. It doesn’t bring the electrons to the surface – the 
balloon removes electrons from the cotton in my shirt. The 
electrons stay on the surface of the balloon for a while 
because the electrons can’t easily move through rubber or 
across its surface. 
4. Very important. Electrons and protons have a property 
we call electric charge which is quite fundamental – we can’t 
explain it in terms of anything else. This property (which is 
local to that particle) affects the electric field which 
extends throughout space. So electric particles and electric 
field are completely different types of entity. 

The orbit of planets, 
moons, suns is the 
same as the 
particles orbiting, 
are we living in an 
ATOM? (Just 
another layer)? 

Yes, some basic patterns – orbiting objects - are repeated at 
different length scales. So for example there is a orbiting 
pattern in the galaxy, and then in the solar system both caused 
by gravity, and a similar pattern in biological cells, and a similar 
pattern in atoms, each with a different cause. Each pattern 
arises from different forces so I don’t think its really quite 
right to say we are living an atom. 
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You said I said 
If you’re on a trampoline 
and you have electricity 
from jumping around then 
you find a twig or 
something, if you put your 
finger about 2-3 cm away 
from it, it moves. Why? 

Do people become charged if they jump on a trampoline? I 
guess its possible if they are wearing clothes made from 
artificial materials and jump onto a surface which is 
rubbery. Anyway, it sounds as through you are describing 
exactly the phenomena we saw with the balloons this week. 
We will go over the explanation at the start of this week. 

How do we know 
this? 
Is there anything 
smaller than an 
quaxsor trenos? 
And how do we 
know? When will we 
know? 

I am not quite sure what you mean by ‘this’? Do you mean all the 
things about atomic structure? Well it has been a very long and 
very difficult road. The inference of the existence of a particle 
called ‘an electron’ for example is not at all obvious. I have chosen 
not to elaborate on history of the discovery of each particle 
because – although fascinating in itself and for historical and 
philosophical reasons – there just isn’t time. The fact that we 
know that atoms have a nucleus which is much smaller than the 
atom was deduced by firing particles at thin films of normal 
matter – typically thin pieces of gold. Almost all the particles are 
observed to go through the foil almost undeflected, but very 
occasionally one sees a particle which is reflected back directly. 
By analysing the number of particle deflected by particular angles 
one can work out the size and electric charge of the nucleus. 
 
I couldn’t read your writing for the second part of the question: 
Do you mean a quark? At the moment quarks – which are 
components of protons and neutrons - represent the finest scale 
of our understanding of the structure of matter. We have found 
out about quarks by a similar technique to how we found out about 
the nucleus. Protons were fired at other protons and it was found 
that the scattering pattern matched what would be expected if 
there were three small point-like scattering centres within each 
proton. Perhaps the most astonishing thing about quarks is that 
people were looking for them! Other experiments (too numerous to 
mention) could be explained in a simple way if quarks existed, and 
so people looked for them – and found them! In contrast electrons 
scattering from other electrons behave like ‘fuzzy balls of charge’ 
with no internal structure at the most detailed length scale at 
which we have examined them.  
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You said I said 
Question on back – sorry! 
If everything is full of 
electricity and the balloon 
affected everything – how 
come we don’t keep on 
getting shocks as we walk 
along? 
Gold leaf electroscope. 
How did that come about. 
Whose idea? 
I particularly enjoyed 
seeing the pepperoni move 
about! 

No problem. The electric shocks arise when the amounts of 
positive and negative charge within something become 
imbalanced. AS we walk around in general we don’t affect 
this balance. If we have highly insulating materials in our 
environment and very dry air, then we do get electric 
shocks as we walk around! 
 
I don’t know exactly who invented the gold leaf 
electroscope but Wikipedia say it was William Gilbert 
around 1600. 
 http://en.wikipedia.org/wiki/Gold_leaf_electroscope 
 
I am glad you enjoyed the pepperami sausage because I 
invented that demonstration especially to be memorable! 

Loved the hair 
experiments and 
travel video. 
Got most of it. 
Delighted. 
Why do some people 
appear to have more 
electricity inside 
them than others? 

Even though many people have seen it done or seen photographs, 
its still surprising to see it live. And I like your description of the 
‘Powers of ten’ video as a ‘travel’ video. Some holiday!  
The amount of electricity inside a person is connected with the 
number of atoms – we all have vast quantities within us. I think 
you are referring to some people who claim that they suffer 
excessively from electric shocks as they walk around. I don’t 
think this is a personal attribute, but is associated with the 
types of material in a person’s clothing and shoes, and the 
environments in which they work. In general, artificial materials 
increase the risk of shocks substantially because they are such 
good insulators – electrical charges which become separated by 
friction as we walk cannot get back to the ‘parent’ atom. The 
solution? This phenomenon doesn’t happen so much with ‘natural’ 
materials which contain more water and ‘impurities’ that give rise 
the natural variability we like in ‘natural’ objects. So use wooden 
floors, walk barefoot, and wear silk clothes .  
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You said I said 
What are neutrons, 
protons and electrons 
made of? 
Why are protons and 
electrons ‘charged’? I.e. 
where does the ‘charge’ 
come from? 
Why are neutrons not 
charged? 

Great Question. To the best of our knowledge, electrons 
have no constituent particles – they are fundamental. Protons 
and neutrons are each made of smaller particles called 
quarks. We know of quite a few types of quarks which have 
been given meaningless names such as an ‘up’ quark and ‘down’ 
quark – the names are just labels.  
Protons are made from two ‘up’s and one ‘down’ and neutrons 
are made from one ‘up and two ‘down’s.  

• An up quark has a charge of +2⁄3 of the charge on 
the proton.  

• A down quark has a charge of – 1⁄3 of the charge on 
the proton.  

So protons and neutrons are very similar really – being 
formed of the same two types of particles. But the proton 
has a net electric charge of +2⁄3 +2⁄3 – 1⁄3  = +1 while the 
neutron has charge o f +2⁄3 – 1⁄3  – 1⁄3  = +0 
 Protons Neutron 

   
Good session. Loved the 
paper going onto the 
balloon. How far away 
could the balloon work 
from? How did we 
discover protons, 
neutrons and electrons? 

Thank you. The paper being attracted to the balloon is a very 
simple demonstration, but is very powerful. Understanding 
what is happening in that demonstration could take a 
lifetime! The balloon affects the paper from a very long way 
away – but the distance at which the paper moves depends on 
how much charge gets rubbed off onto the balloon and the 
weight of the individual pieces of paper.  
 
Great Question, but unfortunately the answer is just too long 
to put here! But I will say that none of the discoveries were 
obvious. I have mentioned above something about how the 
tiny size of the nucleus was deduced, and how we detected 
the presence of quarks within protons. The best approach is 
to look at Wikipedia entries for each particle. 
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You said I said 
Why split 
the atom?  

Great question. First of all the phrase ‘splitting the atom’ is a misnomer – 
atoms are ‘split’ all the time as they lose electrons in chemical reactions. 
The phrase really refers to ‘splitting the nucleus of an atom’. Normally the 
nucleus of atoms is ‘protected’ deep within the atom. But it is possible to 
split the nucleus by hitting it with (for example): a neutron; a very fast 
moving proton ; or a collection of two protons and two neutrons which is 
known as an ‘alpha particle’. When the nucleus is split, two new nuclei of 
two different atoms are formed. There are a number of funny 
technological and scientific reasons for doing this, but the most important 
one by far is the extraction of energy. When we ‘burn’ wood we cause the 
carbon atoms to stick to oxygen atoms – and the resulting molecules move 
faster than the original molecules – i.e. they get hot. Similarly, splitting a 
nucleus of uranium causes the fragments to move very fast. But the 
amount of energy available is stupendous. Burning one kilogram of wood 
might heat your house for an hour. If we could safely extract the energy 
from one kilogram of uranium (which would fit in a cube 4 cm x 4 cm x 4 cm 
) there would be one million times as much energy – enough to heat a house 
for around 100 years! The stupendous energy density of nuclear fuel is the 
basic motivation for nuclear power – more in week 6. 

Which atoms are in DNA. 
P.S. It was really fun. I learnt loads and 
had a laugh at the same time. 

DNA – deoxyribonucleic acid – is made 
mainly of carbon, hydrogen, oxygen and 
nitrogen. 
I am glad you had a good time. 

I utterly boggled. 
Thank you for your enthusiasm. 

Me utterly boggled too. 
You are welcome 

Great intro – made 
it fun! 
…. Can you run thru 
the difficult bit at 
the end again? 
Is there a photo of 
an atom? 

I am glad you enjoyed it. 
I will run through the description of atoms again this week. 
Mmmm. Tricky. In one sense, every photograph is a photograph of 
atoms – because atoms make up all the ‘stuff’ of the world. And all 
light comes fresh from atoms. But I suspect you are asking 
whether there is a photograph of an individual atom. The answer is 
that there are images of atoms in solids, such as the one I showed 
you. But not a ‘photograph’ of an individual atom taken by 
reflecting light from it. 

What other 
programs are there 
at NPL? 

The NPL web site has a list of activities which may be of interest. 
Take a look and see what you think: 

http://www.npl.co.uk/educate-explore/ 
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You said I said 
Good, funny. How 
does atomic force 
microscope work? 

I am glad you enjoyed it.  
 
As I mentioned, an AFM works by moving a very sharp point over 
the surface of an object and detecting the tiny motions as it 
moves up and down over the atoms and other surface features.  
I recommend the following page which has a nice animation: 

http://virtual.itg.uiuc.edu/training/AFM_tutorial/ 
Wikipedia has a page here, 

http://en.wikipedia.org/wiki/Atomic_force_microscopy 
So everything is really 
an electromagnetic 
wave! 

No! Everything is electrical, but not an electromagnetic wave. 
There is ‘stuff’ which is composed of electrical particles, and 
then there is the electromagnetic field – the electric field for 
short.  

I love Eeeeee – lec 
– tri – city! 
Why are there two 
periodic tables? 
Are magnets very 
strong atoms 
repelling? 
Thank you for the 
lesson on Eeeee – 
lec – tri – city! 
I enjoyed it NOT!! 
Please answer my 
questions. 

Me too. What a great song! 
The periodic table lists the elements in a way that shows which 
elements behave similarly. There is more than one way of doing 
this. I particularly like the second way, which shows schematically 
how the electrons fill up ‘shells’ within the atom. 
Mmmm. Magnets are more complicated than that. Without writing 
a book on it – in magnetic materials like iron, electric currents flow 
in tiny loops around atoms, and in order to minimise the electrical 
repulsion between electrons on neighbouring atoms, they orbit in 
the same sense around neighbouring atoms. This causes all the tiny 
current loops to add together to make a magnetic field that we 
can detect. 

How do different 
combinations of 
particles make 
different 
molecules? 

Well the conditions for making atoms ‘react’ – i.e. electrically stick 
together – to make molecules vary a good deal. But for example a 
carbon atom can be electrically attracted to 4 hydrogen atoms to 
make a molecule of methane which we represent by the formula 
CH4. If we take away one of the hydrogen atoms (to make CH3) 
then carbon still can make more one electrical connection so we 
could stick two together CH3’s together to make CH3- CH3 or C2H6 
And if we took off one of those hydrogen atoms (C2H5) and added 
instead an oxygen and hydrogen atom stuck together (OH) we can 
make C2H5OH which is ethanol. The key thing is to understand that 
the basic force that sticks atoms together to make a molecule is 
electrical. 
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You said I said 
I thought atoms were like 
this? 

 

 
Very informative, thanks! 
Why don’t electrons fall 
into the nucleus in H2? 

That is a very simple representation of the way electrons 
are arranged around a nucleus, with each X representing 
an electron and the circles representing shells. It does 
not correspond well to the actual orbits which come in 
quite a variety of shapes, from nearly spherical, to quite 
pointed. 

 
The question of why electrons don’t fall into a nucleus 
puzzled scientists for a long, long time. The answer is 
complicated and you may not follow it. Sorry. 
Electrons are negative, the nucleus is positive: why don’t 
electrons just plummet into the nucleus. However we now 
understand that very small particles don’t obey the 
classical laws of motion as embodied in Newton’s laws of 
motion. Instead, they obey the laws of quantum mechanics. 
In quantum mechanics, the particles seek an orbit which 
balances potential energy and kinetic energy. Shooting 
into the nucleus reduces the electrons potential energy – 
but makes it go very, very fast, increasing its kinetic 
energy. The orbits of electrons around atoms balance 
these two effects. 

How can an 
electron be a 
taste? 
An excellent 
presentation! 
Thanks. 

Well tasting is a chemical reaction on your tongue in which 
particular molecules (the flavours) interact with special sensor 
molecules (taste sensors). When a molecule with just the right 
shape (determined by electrical forces) approaches the taste 
sensor, it causes changes within the sensor cells which cause an 
electrical signal to be sent to the brain. So it is the electrons on 
the outside of the taste molecules which are really what you ‘taste’ 

As a trainee teacher who saw some of this 
at Saint Mary’s a week or so back, it is 
great to get another chance to reinforce 
the learning. It is also fantastic to be 
amongst other learners, particularly 
students of parents and to hear their 
interest and concerns. 

Yes, and there will be more reinforcement 
next week. Teachers and schools are the 
way in which we pass on knowledge we feel 
is precious to the next generation. I feel it 
is vital that ALL teachers of ALL subjects 
at ALL levels share an appreciation for 
science. Thanks for taking the trouble to 
come along. 

Thank you – that was a brilliant 
introduction to physics ‘stuff’. 

You are welcome.  
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You said I said 
How fast does the 
speed of light 
travel per second? 

In a vacuum, light travels at exactly 299,792,458 metres per 
second. This is approximately 186,282 miles per second. In air, 
light travels a little slower than this, but not much. 

This evening was a real pleasure. Entertaining, inspiring, 
thought-provoking and is exactly what the doctor ordered – 
as knowledge of electricity is a must. 
Michael is an example of a real role model. You have achieved 
something in your life. 
Sod X-factor, get Michael on TV as a real entertainment. 

Thank you for those 
words – which leave me 
speechless! 

Fascinating – can’t wait for next week. Me too! I love the session on light even 
though it is intellectually very challenging. 

Fantastic” Beginning to 
feel unboggled…….. Also 
my daughter found out 
why she is named Amber 
as she has a Physicist for 
a Mummy. 

I am glad you are beginning to feel unboggled – but for me I 
am constantly re-boggled! But I cope with it. Today I saw 
the most transcendently beautiful blue sky above sunlit 
autumn leaves and I was dumbstruck: boggled by beauty. 
Ahhh, what a lovely name. I will tell you the names of my 
children in the coming weeks. 

Everything is energy – 
there can be nothing else. 

Mmmm. I am not sure I agree. Energy is a rather tricky 
concept which has both a technical definition and an 
overlapping every day usage. It is true that the particles 
that make up matter are continually moving – possessing 
energy that we call ‘heat’ – more of that in Week 3. And it 
is true that the electric field is constantly ‘fluctuating’ – 
like the ripples which run across the sea surface even on a 
non-windy day. But I don’t think it is quite true to say that 
‘everything is energy’, even though there is a lot of it about. 

Most enjoyable lecture – I didn’t realise 
science could be so much fun! 

What a kind thing to say: thank you. 

How is electrical attraction transmitted 
across a space? 

Great, Great, Question and that is the 
subject of week 2’s session so I won’t 
answer more here. 

Great stuff! Thanks for a fun and informative 
evening. I have lots of fun experiments to take back 
to my 6 year old to enjoy. 

You are welcome.  I hope you 
and your 6 year old enjoy a 
journey of discovery together. 

Brilliant. Thank you. 
Why can you touch 
someone most of the 
time OK, and then 
another time you get 
a shock? 

Whether you get electric shocks or not depends on whether the 
balance of charges within your body or someone else’s body is 
imbalanced. This is affected by the clothes one wears, by the 
shoes one wears, and by the materials in your environment. The 
humidity of the air also plays a part, with moist air reducing the 
likelihood of static shocks. 
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You said I said 
I am always 
confused between 
nucleus of cells and 
atoms. Do human 
cells contain 
electrons/atoms. 
A very good 
lecture. 
Interesting, 
fantastic. 

My colleague James Miall looked up the word ‘nucleus’ and it 
derives from the Latin nucleus (“kernel, core”), a diminutive of nux 
(“nut”). 

http://en.wiktionary.org/wiki/nucleus 
Cells are typically 0.01 millimetres to 0.001 millimetres in 
diameter, and contain an even tinier ‘nucleus’. Everything in every 
cell is made of atoms (mainly carbon, hydrogen, oxygen and 
nitrogen) which are roughly 10,000 times smaller than a cell. And 
the nucleus inside each atom is roughly 100,000 times smaller than 
each atom! It is boggling! 
It is an interesting fact that the structure of the cell was known 
before the structure of the atom, and so the term ‘nucleus’ 
referring to atomic structure was named by analogy with the 
structure of biological cells. 

Lots of questions: 
• How does electrical force 

and gravitational interact. 
• Does gravitational force 

affect stuff? So gravity 
affects electrons. 

• How exactly are fields 
influenced → how does a 
balloon pull off electrons? 

There is no interaction at all between gravitational 
and electrical attraction. 
Yes, Gravity affects all particles with mass. Gravity 
affects electrons because they have mass: Gravity 
simply doesn’t ‘see’ that they are electrically charged. 
The balloon pulls electrons from the cotton because 
when the two materials are in intimate contact – the 
electrons are attracted to the rubber, and the motion 
of the rubber traps a few electrons on the surface of 
the balloon. Typically the balloon has about a billion 
(109) extra electrons. 

Matter and fields. What part 
do the atoms in the air play as 
they are also matter. Does 
nothing exist? 

Atoms in the air do play a part. But they don’t affect 
the electric field strongly because there are so few 
of them – air has a very low density – around one 
thousandth the density of water. 
I think things do exist. What do you think? 

I can’t 
imagine 
fields. I think 
of space – not 
something 
physical. 

That’s interesting. So you imagine that in between the atoms there is no 
kind of entity at all – a true ‘vacuum’? Historically people have found 
that very difficult and used to believe in a substance which they 
supposed existed in between the atoms, and they called it the aether 
(or just ether). But the idea of physical substance existing in between 
atoms was always hard to grasp. The substance had to be very rigid in 
order carry light waves, but also very ‘whispy’ in order to allow planets 
to orbit the Sun for billions of years. The concept we have of a field 
resolves some of this difficulty, but the field is a physical entity – just 
with ‘no-thing’ in it. I hope this is helpful – but re-reading it I find that 
unless you already know what I am talking about, this is unlikely to make 
sense! 
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You said I said 
Do the positive and 
negative charges 
have anything to do 
with magnetism? 
 
And how does atoms 
fuse together (like 
when hydrogen turns 
to helium) if 
electricity forces 
them apart. 

The connection to magnetism is subtle and it took people a long 
time to discover. The connection was what drove Einstein to 
develop his special theory of relativity. 
• Whenever one stationary charge affects another stationary 

charge we describe the effect as electrical. 
• Whenever one stationary charge affects a moving charge we 

describe the effect as electrical. 
• Whenever a moving charge affects a stationary charge we 

describe the effect as electrical. 
• Whenever a moving charge affects a moving charge we 

describe the effect as magnetic! 
From the above list of situations its clear that what we  call 
‘magnetic’ effects are fundamentally ‘electrical’. 
The nuclei of atoms only fuse together with the greatest 
difficulty. The electrical repulsion between the nuclei is so 
intense that the nuclei need to be moving towards each other 
very very quickly in order to ‘collide’. (The equivalent of getting 
over a very steep hill by starting a car very fast at the bottom of 
the hill and hoping you have enough energy to get all the way up 
the hill which gets steeper and steeper towards the top). If the 
nuclei can be brought close enough together, the strong force is 
able to overcome the electrical repulsion and bind them together. 

Thought there were 4 
fundamental forces. 
Gravity, electricity, weak 
and strong nuclear force. 
Presentation is brilliant. 

Good point. As I mentioned above, we now understand that 
what we call ‘magnetic’ interactions between particles are 
really an ‘aspect’ of electrical interactions. In the same way, 
it was discovered in the 1980’s that both electrical 
interactions and the weak nuclear interactions were really 
both aspects of the same interaction which we call now call 
the ‘electro-weak’. In this presentation we just focus on the 
electrical aspects of this force. 

I enjoyed listening to this speech because 
it helped me to understand how electricity 
interacts with matter and how electricity 
relates to other things. 

I am glad you enjoyed it, and helping you to 
understand these connections is exactly 
what I wanted to do! 

At this precise moment my “mind is blank”! 
Lots to assimilate, immediate thoughts 
after “blankness” – fascinating evening, 
brain cells need to work through 
everything and fully understand. Thank 
you. 

I sympathise. When faced with new ideas 
it takes time for them first to become 
familiar, and only then can we weave them 
into the tapestry of our own understanding. 
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You said I said 
If atoms electrical forces 
mean you never actually 
touch anything, is body not 
a body but lots of billions 
of atoms? 
Are these forces similar to 
the Star Wars one? 

Now that is such a profound philosophical question. What 
are ‘we’? Are we a collection of billions of atoms? Or a 
collection of cells? Or a volume bounded by our skin? Or 
part of a wider ‘species’? Or part of ‘Gaia’? Well whatever 
else we are, our bodies are definitely composed of many 
billions of atoms, in fact a number of atoms close to 
1027 or roughly a billion, billion, billion atoms: 

~1 000 000 000 000 000 000 000 000 000 
Do you mean ‘The Force, Luke, Use The Force’. I am afraid 
to have to break it to you that Star Wars is – how shall I 
put it – not all completely true. 

Nice energy of 
speaker. Good job! 
What is the slowest 
light can travel if the 
fastest is 186,000 mph 
in a vacuum? 

Thank you. 
Putting atoms in the path of light slows it down. The extent of 
this slowing down depends on the type of atoms in the way, 
and their density. The ratio of the speed of light in a vacuum 
to the speed of light in a medium is known as the refractive 
index of the medium.  
• Air at typical atmospheric pressure has a refractive index 

of about 1.0005 meaning light travels around 0.05% slower 
than in a vacuum. 

• Water has a refractive index of about 1.33 meaning light 
travels through water around 25%  slower than in a 
vacuum. 

• Glass has a refractive index of about 1.5 meaning light 
travels through glass at around 2/3 of its speed in a 
vacuum. The speeds are also different for different 
colours: with blue light being slowed more than red light. 

• Special devices can be built which slow a single colour of 
light by phenomenal amounts – to just a few centimetres 
per second!  

The course was helpful and allowed me to 
understand things that I never understood 
before. Thank you! 

Great! That’s what I wanted to do.  

You said forces can repel each 
other and can attract. 
However, when you did an 
example you explained that 
the electrons were touching. I 
don’t understand. Please 
explain! 

Mmmm. I am not quite sure what you are asking about. 
Perhaps you are thinking about when I ‘touched’ 
someone the electrons in the outer part of my skin 
repelled the electrons in whatever I was ‘touching’. Its 
clear that looking at this scale, ‘touching’ two objects 
together is really quite complex involving the electrical 
interactions of lots of atoms. 
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You said I said 
• What makes up 

the strong force 
within the atom? 

• If water can be 
separated H2 and 
O, how does it 
get back 
together? How 
much energy is 
required? 

The strong force only acts between protons and neutrons and 
does not affect electrons. It is also very short range so if two 
neutrons are more than a neutron diameter apart, they cannot 
interact! The strong force between protons and protons; and 
between protons and neutrons; and between neutrons and 
neutrons; arises from the interactions between the quarks within 
the protons and neutrons, and that interaction is still the subject 
of active research – as witness this BBC news story today! 

http://www.bbc.co.uk/news/science-environment-11711228 
A good deal of energy is required to separate the hydrogen from 
oxygen in water. To turn 18 kilograms (18 litres) of water into 2 
kilograms of hydrogen gas and 16 kilograms of oxygen gas 
requires the input of around 180 million joules of energy (I think 
but am not quite sure!). This corresponds to around 50 kWh – 
where a kWh (kilowatt hour) is the unit of energy that appears 
on most domestic energy bills. However when the hydrogen is 
recombined with the oxygen, for example in a fuel cell, then we 
can regain a good fraction of that stored energy. 

I’m not as boggled about the mind-boggling things. I am glad you are feeling better. 
All good going over 
the things covered 
in the PGCE lecture 
and liked looking at 
the film. It was also 
great to hear 
comments from the 
kids who weren’t 
afraid to ask! 

I am glad you found it useful: we will go over it all again this 
week! And hopefully a sense of familiarity will begin to grow into 
a sense of nascent understanding. I hope to have planted a 
‘seedling’ in your mind, and nurtured it, but how it grows will 
depend on you – it may grow into something neither of us have 
imagined! 
Yes, grown ups can ask questions too – if it’s slowing us down too 
much I will (politely) ask you to talk with me after the session. It 
can be hard to interrupt – many people feel a bit shy – which is 
why we have these feedback sheets! 
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You said I said 
Very entertaining. 
(Interested in 
clinical research 
using microchips for 
drug development.) 
How electricity 
involved? 
Why was day 
receiving MBE 
strangest day of 
your life? 

I am glad you found it so.  
How is electricity involved in microchips for drug development? 
It is extremely important! When a drug molecule interacts with a 
biologically significant marker it does so electrically. More 
complex biologically-significant molecules  such as enzymes have 
patterns of positive and negative electrical charges that cause 
them to fold up into very specific shapes, with positive and 
negative charges exposed on the surface of the molecule. The 
pattern of positive and negative charges determines the kinds of 
molecules which will be attracted to the molecule. ALL the 
biological interactions are at their base – electrical! Take a look 
at these movies from (Harvard University’s Biovisions web site) 
and remember that every attraction in the movie is electrical! 

http://www.youtube.com/watch?v=Mszlckmc4Hw 
Why was it the strangest day? Well, for a start, myself, my wife 
and my children walked up to Windsor Castle and a man with a 
machine gun smiled and said, ‘Welcome, this way please’. And then 
a succession of people shook my hand and said have a lovely day, 
and then I went into a palace with lots of people in amazing 
uniforms, and then I met the Queen who gave me a medal! It was 
all just so, so, far away from my normal life – I didn’t say it was 
bad – on the contrary – but it was undoubtedly, strange. 

Really good – 
interesting. 
What about 
dark matter? 
Can you see 
that through a 
microscope? 

I am glad you found it so. 
No – you can’t ‘see’ dark matter at all! That’s the problem! The phrase 
‘dark’ matter is used to describe a couple of quite different problems, 
but perhaps the simplest one is that when we look at galaxies and 
calculate how much matter is required  to gravitationally stabilise the 
galaxies, we find there appears to be more matter acting 
gravitationally than we can detect optically. The ‘missing’ matter is 
called dark matter. But in fact we don’t even know if it is truly missing 
or whether there is some other aspect of the Universe that we have 
failed to understand. 

Really great. Informative talk, fantastic 
speaker.  

Thank you for your kind words. 

How does electricity 
work in “instant 
attraction” between 
people – is the charge 
similar? 

Do you mean ‘instant attraction’ as in ‘getting on well 
together’? I don’t think that is associated with a transfer of 
electric charge. I think that is more to do with psychology and 
physiology. But I do know that electric feeling… 
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You said I said 
How many atoms 
are there in the 
world? 

Great question. The answer is ‘lots’. But let’s try to be more precise.  
• Let’s start with the radius of the Earth 6,400,000 metres. We 

write this as 6.4 x 106 metres. 
• An atom is typically 0.1 nanometres in diameter i.e. 1 × 10-10 

metres and atoms are typically separated by a distance of 
approximatey 0.3 nanometres i.e. 3 × 10-10 metres  

• So from here to the centre of the Earth there are around 6.4 × 
106 metres ÷ 3 ×  10-10 ≈ 2.14 ×  1016 atomic diameters.  

• The volume of a sphere is 3
3
4 r! and so the number of atoms in a 

sphere the size of the Earth will be approximately  

• ( )316
3
4 1014.2 !"  which is 481041! atoms. This is a phenomenally 
large number which written out would look like this.  

41 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
• My estimate is that this is within about a factor 10 of the correct 

answer 
 

Why does my daughter 
not get electric shocks 
from the table tennis 
table but my son does? 
Is one a better 
insulator than the 
other? 

I mentioned this in one of the questions above. I don’t know 
for sure, but I suspect that it’s not that your son is a better 
insulator than your daughter (though that may be the case.). I 
suspect the phenomenon is connected with your children’s 
apparel.  Do your son and daughter wear identical clothes and 
shoes? I thought not. Now I will speculate: Does your son 
possibly wear sports clothes and shoes? These are usually 
made from artificial materials which are excellent insulators.  

How can I make sure my kids go to a 
school with inspiring science teaching? 

I don’t know  

 


