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Protons for Breakfast: Presentation 19: Week 1 

 Welcome. These are the questions & comments from the registration forms along 

with my comments and attempts at answers.  

 If you ask questions or write down comments this week, you will receive answers the 

following week. 
 

Reason for attending One question… Michael says… 

To get my son more inspired 

by science 

None Great reason to be here. I 

hope it works! 

My son is top of his year in 

Science at Teddington school. 

He loves science! 

Too many to 

mention 

Congratulations! And 

welcome: you are amongst 

people that love science too. 

Understand more  No Ahh. What a fine aspiration. 

To learn Not sure This course is based on the premise that 

learning is a kind of personal ‘journey’. And it 

would be an honour to accompany you on your 

travels. Perhaps we can even help! 

Interested in 

science and 

accompanying 

dad. 

Why aren't 

more people 

concerned 

about 

climate 

change? 

 Mmm. Are you AN accompanying dad, or 

are you accompanying your father who 

wants to attend but who needs the excuse 

of an accompanying child? I guess it will 

become clear. 

 Well, I think people are concerned about 

Climate Change, but in a slightly detached 

way. I think the reason is that the most 

severe impacts – to which we are already 

committed and can do nothing about – are 

still decades away. 

To improve 

my 

understandi

ng of 

physics 

Do atoms 

behave the 

same way 

as planets? 

I hope this helps with your physics – it helps me 

with mine every time I teach it. 

 No. Atoms behave quite differently. Planets 

obey the same laws of motion as objects around 

us: Newton’s Laws of Motion. However to 

understand the tiniest particles Newton’s Laws 

need to be modified and the particles obey the 

Laws of Quantum Mechanics. 

 Sometimes the modifications are slight, and we 

can talk about atoms obeying Newton’s laws. 

 But sometimes the modifications are very 

dramatic, such as the way that electrons behave 

within atoms. 
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Reason for attending One question… Michael says… 

Get a 

better 

understandi

ng of the 

smaller 

particles. 

I'd like to 

know how 

we can 

detect 

these small 

particles.  

We will talk about some of these particles tonight, 

but mostly we concern ourselves with atoms and 

the electrons, protons and neutrons within them. 

Great Question. In short the answer is ‘phenomenal 

ingenuity’. All particle detectors, such as, 

 Bubble Chambers 

 Cloud Chambers 

 Spark Chambers 

 Ionisation detectors 

 Scintillation detectors 

rely a small number of very specific ‘tricks’. In 

Week 6 we will see a cloud chamber and a 

scintillation counter  

 A cloud chamber exploits the fact that 

radiation can trigger the formation of cloud 

droplets in a cold vapour 

 A scintillation counter exploits the fact that 

when radiation is absorbed in a transparent 

substance it can result in the emission of tiny 

flashes of light. 

I would like to 

attend this 

course as I 

have a great 

interest in 

science and 

enjoy 

developing my 

knowledge.  I 

hope that the 

course will give 

me greater 

insight into the 

topics and 

expand on my 

GCSE 

knowledge as I 

move into A-

level. 

Is 

there a 

way 

that 

nuclear 

fusion 

could 

happen 

on 

Earth? 

I hope this helps with you GCSEs and exams. 

Previous attendees have told me it helped, but for 

the life of me I can’t see how! 

Yes. Nuclear fusion can and does happen on Earth. 

 Historically the first technique we mastered 

was uncontrolled fusion within a hydrogen bomb.  

 More recently we have produced controlled 

nuclear fusion inside hot plasmas such as those 

created by an intense pulse of laser light.  

 However the controlled fusion can’t be 

sustained for very long and still requires more 

energy than it releases. 

 In my opinion, it is something that we will never 

master. I would love to be wrong. 
http://protonsforbreakfast.wordpress.com/2013/10/13/cont

rolled-nuclear-fusion-forget-about-it/ 

 

http://protonsforbreakfast.wordpress.com/2013/10/13/controlled-nuclear-fusion-forget-about-it/
http://protonsforbreakfast.wordpress.com/2013/10/13/controlled-nuclear-fusion-forget-about-it/
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Reason for attending One question… Michael says… 

Bringing my 2 children 

who are studying gcse's 

Too 

many 

Well don’t forget to ask questions as they 

occur otherwise the chance will slip away 

To bring my 2 children that are doing gcse's Far too many! Ditto 

Currently 

studying for 

GCSE exams 

(Year 9) 

Not 

specifically - 

happy to take 

your lead. 

Thank you – but ask about the things you are 

curious about – this is anonymous – so you can 

ask the questions you daren’t ask anywhere 

else for fear of feeling stupid! 

Interest No  I hope that is intellectual interest rather than financial 

interest  

Interest No  Ditto 

Complement what I am 

learning in science 

Greater understanding of 

subject areas. 

I hope this helps.  

Because I'm 

very 

interested 

and I will 

help me with 

my science. 

Because I'm 

not that 

good 

What is 

radioactivity? 

Being interested is a great reason to be here, 

and in honesty it pains me to hear you say that 

you are ‘not that good’. In fact it brings tears 

to my eyes. Anyway: 

 Radioactivity is an astonishing natural 

phenomenon discovered around the start of 

the 20th Century. Just as we came to 

understand that all matter was made of 

atoms, we discovered that some atoms were 

not stable – they ‘decayed’ into other atoms 

of an entirely different chemical substance. 

 Associated with the transmutation was the 

emission of ‘rays’ of three kinds called alpha, 

beta and gamma. It was these ‘radiated’ 

emissions that caused the materials to be 

called ‘radio’ active – nothing to do with 

radio! 

So that’s what radioactivity is: the emission of 

particles from the nuclei of atoms as they 

‘decay’. More in Week 6. 

Because I'm very 

interested and I 

want to help my son 

with his science. 

What is 

radioactivity? 

I hope you and your son have a good 

time. Great question and we will discuss 

it more in Week 6. I think I pencilled 

out an answer to this just above. 
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Reason for attending One question… Michael says… 

Interested in 

science topics 

How did the 

universe begin? 

Well, we know more than seems reasonable 

about the first second after the universe 

began. However I think you are asking you 

about what happened just before the 

Universe began i.e. how did it come to be. 

I could describe the speculation that 

exists, but basically – nobody has a clue. 

I really 

enjoy 

Science and 

want to 

learn more 

Please would 

you explain the 

difference 

between 

nuclear fusion 

and nuclear 

fission, do both 

have 

possibilities for 

providing safe, 

clean cheap 

energy? 

You enjoy science! Long may that last.  
[Question to self: Why do scientists choose similar 
sounding words for processes that are completely 

the opposite of each other] 

 Fusion refers to the fusing or joining 

together of the nuclei of two atoms. 

 Fission refers to the splitting of the nucleus 

of an atom. 

Both processes can release energy. 

 Nuclear Fission has provided the UK with 

around 20% of its electricity for the last 40 

years. It has been very safe causing less 

deaths than coal. Nuclear waste cannot be 

described as clean, but it is pretty well 

confined and so I think it generally counts 

as safe. Its cost is difficult to determine, 

but it has probably been more expensive 

than fossil fuel alternatives. 

 Nuclear fusion could in principle be used to 

generate energy in a clean and safe way but 

not in a cheap way. However personally I 

think it is just too impractical and we will 

never find an engineering solution. 
http://protonsforbreakfast.wordpress.com/2013/10/13/

controlled-nuclear-fusion-forget-about-it/ 

I want to learn more 

about Science in an 

interesting way 

No Well I hope this counts. Meeting in a 

diverse group with lots of biscuits should 

tick an ‘interesting’ box somewhere! 

The learn more about science No questions at 

this time 

Welcome. I hope you think 

of some questions soon  

To build a better 

understanding of 

science in real life 

situations 

No thanks I like your use of the word ‘build’. I 

think each of us has to struggle to piece 

together a model of the world that 

makes sense: it is very very hard. 

http://protonsforbreakfast.wordpress.com/2013/10/13/controlled-nuclear-fusion-forget-about-it/
http://protonsforbreakfast.wordpress.com/2013/10/13/controlled-nuclear-fusion-forget-about-it/
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Reason for attending One question… Michael says… 

To build a better 

understanding of science in 

real life situations 

No thanks Speak to the person above: 

they have the same reason 

for attending as you! 

Interest Where 

does 

energy 

come 

from? 

What a great question. Do you mean energy as an 

electrical energy supplied to our houses? Or the 

internal energy of atoms ceaselessly moving.  

 Energy is endlessly being converted from one form 

to another, but ultimately it is all the ‘gift’ (if you 

like that phrase) of energy ‘left over’ from the 

start of the Universe. 

 So not only were all the protons in your body i.e. the 

nuclei of all the hydrogen atoms in your body 

created just about one second after the start of 

the Universe, but they are still jiggling with left-

over energy. Wow! 

 No wonder you feel tired sometimes. 

Interested in science no Welcome, and long may your 

interest in science continue. 

To help with Year 9 studies ? Good luck with your Year 9 studies. I hope 

this helps.  

 Here is the answer to your question: “!” 

To help my 

children with 

their science 

work at 

school. 

Which is bigger 

the galaxy or 

the universe? 

I hope this helps you help them.  

 As we go outwards from Earth, first 

there is our solar system – the Sun and all 

the planets.  

 The Sun is just one of about 300 billion 

similar stars in the Milky Way Galaxy.  

 And the entire Galaxy is but one of about 

300 billion similar galaxies in the 

Universe.  

 Boggling or what! We will have a movie 

about this tonight! 

To help my children 

with their science 

work at school. 

Which is bigger 

the galaxy or 

the universe? 

I hope this helps! I have real trouble 

helping my children with their school 

work! Regarding your question: Speak to 

the people above. 

I am interested in Physics. Not at present. Great. 

I am interested in Physics. Not at present. Excellent 
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Reason for attending One question… Michael says… 

To help 

with my 

science 

studies 

What can we 

do about 

global 

warming? 

Well I hope this helps with your studies. 

 Regarding Global Warming we are already 

committed to a significant amount of warming 

in coming decades. In our understanding, the 

climate path has already been fixed out to 

roughly 2050 or so.  

 Decisions we make now can affect what 

happens in the second half of this century 

and beyond? 

 If we want to achieve an equitable 

international agreement about emissions, then 

in the UK we need to use less fossil fuels – 

about 80% less i.e. we need to emit only one 

fifth of what we do at present. Surprisingly, 

it is actually the law that we MUST do this by 

2050. If the UK can actually make his happen 

this it would be an inspiring achievement. 

To reinforce our 

kids' school 

science learning. 

No. Good luck. One of the things I like about this course 

(and there are lots of things I like) is that parents 

and children attend together. I like to imagine it 

helps to give them something to talk about and thus 

spreads domestic harmony and love. Let me know if 

there is an outbreak of harmony and love. 

To reinforce our kids' school 

science learning. 

No. Ditto 

I enjoy 

science and 

like learning 

about how the 

world works. 

Will science ever 

be able to prove 

beyond a shadow of 

a doubt that 

current global 

warming is man-

made. 

I enjoy science and finding out about the 

world too. 

 Science already has already proved 

beyond any reasonable doubt that the 

planet is warming and that people are 

responsible. 

 I find it very interesting that you 

think there is still any doubt. We will 

have more on this in Week 4.  

Support my daughter 

and learn something 

new myself 

Can you teach an 

old dog new 

tricks? 

I hope your daughter and yourself 

have an enjoyable time. And ‘Yes’, I 

can teach old dogs new tricks. 
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Reason for attending One question… Michael says… 

My son 

loves 

science  

Does the 

parent need 

to be present 

with the 

child? 

Congratulations – if your son loves science then 

you must have done something correctly. Yes – 

parents need to be present with children. Why? 

Because in this crazy world it is the only way 

that children could possibly attend. 

Interested Is my 

mobile 

phone 

good for 

me? 

Excellent.  

 Is your question about the psychological effect of 

always being available to answer e-mails? Or the 

physiological effect of the microwaves emitted by 

the phone on your brain. In Week 5 you will get to 

make up your mind. 

Interest How many 

cells in my 

body? 

Well obviously it depends on the size of your body . 

One source  

http://www.ncbi.nlm.nih.gov/pubmed/23829164 

suggests an answer of approximately: 

37.3 million million cells 

for a typical adult human, which seems a bit boggling 

but gives a reasonable estimate of body weight. 

 

 If we assume each cell is approximately 0.01 mm x 

0.01 x 0.01 mm in size then that corresponds to a 

volume of approximately 0.037 cubic metres or 37 

litres.  

 If cells have the same density as water, they 

would account for roughly 37 kg – about half the 

weight of a typical person.  

 This seems reasonable to me. 

I am interested in science No Welcome 

Accompanying 

Grandmother 

TBC Again, I am not sure if you are the accompanying 

grandmother, or whether you are accompanying your 

grandmother. I am sure it will become clear. 

I'm doing physics at school 

and thought it would be a 

good way of learning some 

more.  

Not for now, I'm 

sure they'll be 

many later on  

This will probably help, but 

you will learn a funny cross 

section of physics.  

I like science. Not yet. Excellent: I hope it stays 

that way  

http://www.ncbi.nlm.nih.gov/pubmed/23829164
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Reason for attending One question… Michael says… 

Made to 

come by 

parent. 

What is Wi-

Fi and how 

does it make 

my ipad 

work? 

So sorry: parents are like that. I hope that you 

enjoy yourself in small way. 

 Wi-Fi is short for Wireless Fidelity – a very 

inappropriate name. 

 It is a system of wireless communication.  

 Your iPad sends ‘radio messages’ by rapidly 

pulsing a microwave transmitter. 

 The transmitter emits microwaves at a 

frequency of about 2.4 GHz and switches 

pulses of information about 100 million times 

per second.  

 Your ‘Router’ can interpret these pulses as 

messages and turns them into electrical pulses 

along wires and optical pulses along the optical 

fibres of the internet.  

 Your iPad can also receive similar messages 

sent by your router. 

Accompany my 13 

year old son and his 

friend to engage 

them in science in 

the hope it will 

thrill them and 

encourage them to 

study to A-level 

and beyond. 

Why 

does hot 

water 

freeze 

more 

quickly 

than cold 

water? 

I have been asked to ‘inspire’ which is a tough 

call – but to thrill! Wow – I will do what I can! 

 I think I answered this question just 

above. By the way, it is called the Mpemba 
effect after Erasto Mpemba, a school child 

in Tanzania who noticed the effect in a 

school cookery class. 

http://en.wikipedia.org/wiki/Mpemba_effect 

 

Starting GCSE's in September and 

would love to have any extra 

information and help with the 

subject and love getting involved 

with hands on experiments. 

No I hope this helps a little, but 

in general people say this is 

more enjoyable than GCSEs 

Enjoy participating in experiments 

at school and would like to learn 

more about then subject.  

No Enjoying experiments is a sign (in my 

humble opinion) of excellence. I was 

always rubbish at experiments at 

school. So ‘Well done’. 

http://en.wikipedia.org/wiki/Mpemba_effect
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Reason for attending One question… Michael says… 

I have heard that 

Michael brings an 

already awesome 

subject come to 

life, a great 

course to do and 

it will really help 

me if I am 

accepted into the 

NPL Academy in 

the Summer. 

Why does 

wind make 

it feel 

colder? 

Mmmm. So, no pressure then. Anyway, I hope 

you enjoy it. 

 When your skin is in contact with the still 

cold air, your skin and the air near the skin 

eventually reach the same temperature: 

warmer than the surrounding air, but 

cooler than the skin might otherwise be. 

 Because the temperature of your skin is 

lower than ‘normal’ you experience a 

sensation you call ‘cold’. 

 If the warmed air next to your skin is 

removed (by the wind) then you will lose 

more heat as you warm a new lot of air. 

Eventually your skin will reach the 

temperature of the air. The speed with 

which your skin cools down depends on the 

wind speed 

 This increase in the speed of heat transfer 

is sometimes characterised by a ‘wind chill’ 

(http://en.wikipedia.org/wiki/Wind_chill) 

 For example, an air temperature of 3 °C 

and a wind speed of 10 metres per second 

(about 22 miles per hour) will cool you at 

the same rate as being in still air with a 

temperature of -3 °C. 

 The improvement of heat transfer by 

blown air is also experienced in reverse in a 

fan-assisted oven. The cold food cools 

down the air immediately next to its 

surface. By continually removing this 

cooled air and replacing it with hot air, the 

speed with which the food reaches the 

temperature of the oven is reduced. 

http://en.wikipedia.org/wiki/Wind_chill
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Reason for attending One question… Michael says… 

Would like 

to learn 

more about 

science and 

be able to 

help my son 

with his 

homework/

coursework 

How 

does a 

camera 

take a 

picture 

in HD? 

What and an excellent and noble reason for 

attending: good luck!  

 The ‘HD’ stands for High Definition and specifies a 

particular number of pixels – coloured dots – that 

define the width and height and height of a 

picture. Typical for HD1080 this is 1920 (wide) 

×1080 (high). 

The image is formed in several stages as follows 

 First a lens focusses the image onto an electronic 

chip – made of silicon.  

 The chip is divided into many tiny light-sensitive 

regions – each region less than one hundredth of a 

millimetre across. There are at least three of 

these sensors for each ‘pixel’ 

 Each light sensor is covered by a filter – either 

red, green or blue. Light passes through this filter 

and makes an electrical current flow whose 

strength is proportional to the brightness of the 

light. 

 A computer measures the brightness of every red, 

green and blue sensor from the chip and calculates 

the colour and brightness of that pixel.  

 It then lists the colour and brightness of each 

pixel in a specified order to make ‘raw’ camera 

data file. 

This data allows the image to be re-created on a 

screen or in print.  

 This corresponds to around 6 million numbers for 

every frame of HD television, and there are 25 

frames every second. This is too much to cope 

with. 

 Typically most pictures are only change a little 

from the previous picture 1/25th of a second 

before, and so HD television generally only send 

the difference between each frame and the next 

which corresponds to much less data. 
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Reason for attending One question… Michael says… 

Accompany 

my 13 year 

old son and 

his friend to 

engage them 

in science in 

the hope it 

will thrill 

them and 

encourage 

them to 

study to a-

level and 

beyond. 

Why does 

hot water 

freeze more 

quickly than 

cold water? 

I hope you have a good time together. I am not 

sure about ‘thrills’ but I will do my best. 

 Hot water does not, in general, freeze more 

quickly than cold water. However under 

certain circumstances this can happen. This 

has been the subject of a very large amount 

of generally poorly conducted research.  

 There are (at least) two mechanisms by which 

this can happen. Here is one of them. 

 Liquid water and air are both very good 

thermal insulators. If there is no convection 

in the liquid, then it takes a very long time 

for heat to flow from the ‘inside’ of the 

water to the outside.  

 Additionally if there is no convection above 

the surface of the water, then heat transfer 

to the air can be very slow.  

 Above a hot water dish open to the air, 

strong convection currents can be 

established both in the air and the water 

causing heat to be lost more rapidly than 

when the air stays still above the still liquid. 

To help me 

progress and 

get good 

results in my 

exams  

What would 

be the 

fastest 

possible 

speed we 

could travel 

on land. 

I hope this helps. A little. 

Mmmm. Well the highest speeds so far  are 

around 760 miles per hour, and the Bloodhound 

project: 

http://www.bloodhoundssc.com/ 

plans to achieve 1000 miles per hour.  

 In my humble opinion this endeavour is 

profoundly pointless. Since 1965 the driving 

force for these cars has not been derived by 

moving wheels but from jet engines and 

rocket motors. These vehicles are basically 

aeroplanes designed not to take off. Why? 

 I should say many of my colleagues feel 

differently. 

http://www.bloodhoundssc.com/
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Reason for attending One question… Michael says… 

I like science 

and want to 

find out 

more about 

it. 

How do 

quantum 

computers 

work 

Excellent. I hope this course helps. What an 

excellent question, but you are asking the wrong 

person. I think that quantum computers don’t 

work and that they will never work! 

 I admit I may be completely wrong, but I think 

that Quantum Computers are fundamentally 

analogue computers. 

 In other words the idea is to create a super-

delicate system of atoms whose physical 

behaviour will mimic the system of equations 

you want to solve.  

 As you try to solve ever more complicated 

problems, I predict that Quantum Computers 

will become ever more insanely sensitive to 

their environment. They may make great 

sensors of their environment, but I am 

sceptical that they will ever seriously compute 

anything. 

Greater 

understanding 

of GCSE 

science 

syllabus 

Why 

are 

boys 

better 

at 

science

? 

I hope this helps, but in someways this course goes 

WAY  beyond the GCSE syllabus.  And in other ways 

it misses out lots of important things.  

 The question of whether boys or girls are better 

at science is an interesting one. In terms of 

exams, boys used to be better at science exams, 

but after the change in exam style in 1987 girls 

started catching up and now significantly 

outperform boys at every level and in every 

subject from GCSE to PhDs.  

 I find it interesting that this is, apparently, not a 

problem, but that reverse situation was. 

Because I really 

enjoy science at 

school, in top set 

and my science 

teacher believed 

that this would 

benefit me. 

Why is it we 

know when 

we are 

hungry? why 

do our 

belly's 

grumble? 

Well I hope it does indeed benefit you.  

 Ahh I have no idea why that happens. 

This Scientific American link… 

 
http://www.scientificamerican.com/article/why

-does-your-stomach-gro/ 

 

…contains an explanation, but I didn’t really 

understand it. 

http://www.scientificamerican.com/article/why-does-your-stomach-gro/
http://www.scientificamerican.com/article/why-does-your-stomach-gro/
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Reason for attending One question… Michael says… 

To be inspired and 

understand more 

not 

especially 

I will endeavour to inspire, but 

understanding will be up to you.  

So I can teach 

it to 

secondary 

school-aged 

kids 

Can protons 

become 

neutrons? 

Good luck with the teaching thing! Mmmm. 

Interesting question. 

 Normally, no. People have looked for the 

spontaneous disintegration of protons and 

seen nothing, establishing that (for all 

practical purposes) protons are completely 

stable. 

 However if one takes hydrogen, which consist 

of 1 electron and 1 proton, and compresses it 

to a degree beyond imagination, then it is 

possible to create a neutron from an electron 

PLUS a proton. This process is thought to 

happen inside certain super-dense stars 

called neutron stars. 

To get my son more inspired 

by science 

None What a great aim: I will do 

my best to oblige. 

I enjoy learning about 

how the world works  

Too many to list but I am sure 

lots will occur during course. 

Great, you will be 

among friends. 

My son is top of his year 

in Science at Teddington 

school. He loves science! 

Too many 

to mention 

Congratulations to your son: you must 

have brought him up well. Don’t forget 

to ask the  questions as they occur. 

Understand more and 

introduce my son to 'real' / ' 

reality' science 

No I hope you understand more 

– and that your son enjoys 

meeting some real scientists. 

Bring my son Do you have 

to be brainy 

to understand 

protons??? 

I hope you and your son have a nice time.  

 And no you don’t need to be ‘brainy’. 

Thinking about it now, I don’t even really 

know what ‘brainy’ means.  
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Reason for attending One question… Michael says… 

Interested in 

science and 

accompanying 

daughter. 

Why aren't 

more people 

concerned 

about 

climate 

change? 

I hope you and your daughter have a nice time. 

Mmmm.  

 Interesting question and we will talk more 

about this in Week 4.  

 I think people are concerned about climate 

change, but as outlined in the Stern Review  

http://en.wikipedia.org/wiki/Stern_Review 

the rational response for the UK involves 

spending some money now, when money is 

tight. It will also involve systematic increases 

in the price (or reduction in the availability 

of) of fossil fuels: petrol, diesel, gas and 

electricity generated from coal and gas. 

 In general these policies are likely to be 

unpopular, and the UK is not yet badly 

affected by Climate Change. This makes it 

difficult to get anything done until the 

democratic consensus coalesces onto a clear 

policy choice. 

General interest I may think of one later! General Interest? Yes Sir! 

Always 

had an 

interest 

in 

science 

Will the universe 

ever be totally 

dark when all 

energy has been 

lost. 

Great – I hope this helps keep your interest 

going. 

 Very interesting question. First I have to tell 

you that this is a question about ‘the future’ 

and we – humans – are unable to predict in any 

general sense what will happen in ‘the future’. 

 We suffer from a cognitive illusion called 

WWKIATI – What we know is all there is!  

 But broadly speaking ‘Yes’. As we currently 

understand the universe, at some 

indeterminate future eon, when the fires of 

all the stars have been extinguished, we 

expect the universe to cool down leaving just 

the darkest of glowing embers. 

http://en.wikipedia.org/wiki/Stern_Review
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Reason for attending One question… Michael says… 

I want to 

encourage 

my 

daughter's 

interest in 

science.  

How does an 

understanding 

of the 

fundamental 

particles 

translate into 

useful 

knowledge of 

the macro 

world?  

How did we 

discover 

these small 

particles even 

existed? 

I hope this helps your daughter. 

Mmmm. This question requires a very long 

answer. But briefly. 

 Understanding of atoms is essential to 

understanding almost every aspect of 

materials science and chemistry and 

electronics. 

 Understanding protons and neutrons is 

essential for understanding radioactivity and 

geology and astronomy. 

 Understanding the inner structure of protons 

and neutrons is just interesting. 

 Atoms were postulated for millennia before 

we made quantitative experiments on gases 

that required an understanding that they 

really existed.  

 Then we wondered about atoms internal 

structure and discovered ‘cathode rays’ – 

which we now call electrons. 

 Then we wondered about the rest of the 

atoms and discovered protons and then 

neutrons.  

 If you ask something more specific I can be 

more specific. 

An interest in Science 

and also, as an EAL 

teacher  in secondary 

schools, I am often 

required to support 

pupils with limited 

English in mainstream 

Science lessons so am 

interested in 

increasing my own 

knowledge and 

understanding of 

Science. 

Are we too 

late to stop 

global 

warming and 

the 

greenhouse 

effect from 

seriously 

harming our 

planet? 

Great – we try to communicate in 

many styles both verbal and non-

verbal so hopefully you will find some 

things that are helpful. 

 Mmmm. The planet is fine – it’s 

just the people on it we need to 

worry about.  

 So re-phrasing your question – 

“Are we too late to avoid 
affecting the climate of the 
planet to the detriment of 
humankind?” Well, yes. To the 

best of our understanding, we are 

way too late. More in Week 4 
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Reason for attending One question… Michael says… 

To learn 

some 

physics 

Why can't 

anything 

travel faster 

than the 

speed of 

light? 

Great! 

 Good question, but difficult to answer. One way 

to look at it is this: when we push something – 

we push it with an electric force – more about 

this tonight.  

 The electrical disturbances that communicate 

that force travel at the speed of light.  

 Now try to imagine accelerating an object by 

firing bullets at it – let’s pretend the bullets 

don’t do any damage but just give the object a 

little push. One could never get the object to 

move faster than a bullet. 

 In same way, because electrical disturbances 

can’t move faster than light we can’t every make 

objects move faster than light. 

 As I read it now, this looks like a terrible 

explanation, but I think it is sort of correct. 

To attend 

with my 

daughter 

who is 

currently 

taking her 

GCSEs and 

has 

expressed 

great 

interest in 

the course.  

I would also 

like to 

further my 

existing 

knowledge. 

I would like to 

learn more 

about utilising 

hydrogen as a 

viable fuel 

source. 

Great. I hope this is interesting to you both. 

 We don’t talk too much about this because 

in one sense hydrogen is not a fuel – it is 

really a way of transporting energy. This is 

because we don’t find hydrogen naturally: 

instead we have to create it from water 

using an electric current, and this requires 

energy. We can then move the hydrogen 

around, use it in a fuel cell or burn it to get 

some of that energy back. 

 Technically the question is whether this is 

better than using a battery? If batteries 

had (say) roughly twice the capacity and 

longevity that they do now, I think batteries 

would ‘win’ because the changes in 

infrastructure required to switch to battery 

cars have a lower capital cost. 

 

To bring my 2 

children that are 

doing gcse's 

Far too 

many! 

I hope you and your children have a good 

time. Don’t forget to ask questions when 

they occur otherwise the time will fly by and 

then the opportunity will be gone!  
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Reason for attending One question… Michael says… 

To encourage my son (Year 9) 

as he is currently studying 

for his GCSE exams. 

Not 

specifically - 

happy to take 

your lead. 

I hope your son has a good 

time and feels encouraged.  

I am afraid I don’t have any 

lead.  

To develop and 

support my sons 

interest in science 

and engineering 

Do we need to 

research any content 

before each lecture. 

I hope you and your sons have a 

great time.  

Research? Well in some weeks 

we will have… homework! 

Interest No  Great! 

Interest No  Great Also! 

Complement subject 

area learning 

Greater 

understanding 

Yes, this should complement specific 

topics that you study and hopefully 

allow you to see links between them. 

Interested in 

science/engineering in 

general and the work of NPL. 

No That sounds like me! We don’t cover 

much of the work of NPL, but we do 

touch on it a little this evening. 

My son is interested in 

science topics 

None Great – I hope he enjoys the course – and I 

hope it is not too dull for you either. 

My daughter is currently 

year 9 and is interested in 

Science 

No Excellent. I hope this encourages the embers 

of interest to burn brightly before bursting 

into a bright and powerful flame.  

To attend with 

daughter who is 14 

years old 

Have been 

before with 

Son a few 

years back 

Ahhh. And you have come back: either you 

thought it was good or you want to treat 

your children even-handedly, punishing one 

as much as the other: sounds reasonable. 
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Reason for attending One question… Michael says… 

To 

accompany 

my 

daughter 

How can 

a black 

hole trap 

light 

I hope you and your daughter have a good time.  

 It is certainly hard to imagine how anything could 

‘trap light’. In week 2 we will look at what we mean 

by ‘light’ and then it may begin to seem more 

conceivable.  

 The main thing to understand is that the gravity 

around a black hole is so intense that it is way 

beyond anything that any person has ever 

experienced. On Earth, using the most ultra-

precision of measurements it is just possible to 

detect the effect of gravity on light. We can see 

that when light goes upwards – away from the 

centre of the Earth, its colour changes slightly 

towards the red, and when it goes downwards its 

colour changes slightly towards the blue. On Earth 

this is a tiny effect, but it is the same effect that 

in extreme gravitational fields can stop light 

completely. 

Daughter 

interested 

What is 

a flame? 

I hope your daughter stays interested 

 A flame is basically a region of hot gas.  

 On a gas cooker the methane mixes with air inside 

the burner and is ignited releasing lots of energy in 

the form of very fast moving molecules of water 

vapour and carbon dioxide. Its temperature is 

nearly 2000 °C but the gas flame is transparent 

because it contains no particles.  

 In a candle flame, heated wax vapour burns to give 

very fast moving molecules of water vapour and 

carbon dioxide and also nanoparticles of carbon 

that we call soot. The particles glow bright yellow 

and give off lots of light (that’s the purpose of 

candles!) and make the flame opaque.  

My son is very interested in 

science and his teacher Mrs 

Hanson has highly 

recommended the course 

No just 

interested in 

coming to the  

course. 

Ahh. If you come on Mrs 

Hanson’s recommendation I 

will try especially hard to 

make it nice for you. 
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Reason for attending One question… Michael says… 

I appreciate the significance 

of science in our world, but 

am profoundly ignorant of 

how stuff - like electricity - 

actually works. 

Not at 

the 

moment. 

Your reason to be here exactly 

mirrors the kind of person I had in 

mind when I created this course: 

Welcome  We will have lots about 

electricity tonight. 

My sons are 

interested in science 

at school. 

None at present Excellent well done, you and/or 

your teachers must be doing 

something right! 

Interested in 

science and 

current issues 

we face and 

want to 

inspire my 

daughter 

What 

impact do 

mobile 

phones 

have on 

us? 

We will look at ‘Issues’ in Weeks 4 to 6 and the 

Science that underpins them in Weeks 1 to 3. 

Good luck with inspiring your daughter – I hope 

the course will help. 

 We will look at the issue of the safety of 

Mobile Phones in Week 5 and after that I hope 

you will be able to make up your own mind. 

To reinforce our kids' school 

science learning. 

No. I am not sure this will reinforce your 

children’s learning, but it might sort-of 

support it or complement it. I hope so. 

Knowledge Are we 

alone in the 

universe? 

You seek knowledge? We have lots to impart. 

 Are we alone in the universe? In the absence of 

an intercepted alien telephone (… “I’m on the 
spaceship…”) I don’t think anyone knows, or can 

ever know.  

 On the other hand there are 7 billion or so human 

beings on this planet so you won’t get lonely. 

To help 

with Year 

9 studies 

? I hope this helps. 

 Is “?” a specific question or just a symbol of a question 

without a specific zone of enquiry? Mmmm…deep. 

Interested in Science Not yet Welcome!  

Accompanying 

daughter 

No I hope you and your daughter – or you and your 

mother or father have a good time 

Support my 

daughter and 

learn something 

new myself 

Can you teach 

an old dog new 

tricks? 

I hope you learn something new: it is one 

of the best feelings. 

 Can I teach an old dog new tricks? Yes! 
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Reason for attending One question… Michael says… 

Interest in 

science and 

local 

Can human 

beings 

become 

faster? 

Welcome. I wonder what you meant to say 

after ‘local’? Tricky.  

 Well historically human beings have learned 

to run faster and faster. And so I guess this 

will continue –perhaps if we select for a 

particular body type. It may be that we get 

taller or invent improved running techniques. 

 I don’t know that anyone has worked out a 

fundamental limit that can’t always be 

trimmed by 1/100th of a second. 

It sounds very 

interesting.  I haven't 

studied science for 

many years and would 

like to update my 

knowledge.  Also, to 

enthuse my child about 

science.  She has not 

been well taught in 

school and is not 

showing an interest in 

this very important 

subject. 

Can science 

remedy the 

problems it 

has caused? 

Sorry to hear about your daughter’s 

disappointing science education: sadly, 

she is not alone. Anyway, you are here 

now and I hope this helps.  

 We electrocute a gherkin next week 

 - How much better can it get? 

 Tricky question. Firstly, has science 

really caused any problems? Well I 

guess we could look at the use of 

lead in petrol and CFC chemicals in 

refrigerators. 

 In both cases these innovations 

brought great benefits and it was 

scientists who alerted the world to 

the downsides of these technologies 

and proposed alternatives. 

 I can’t see how any of our current 

problems can be made better by 

abandoning the insights that science 

offers.  

 Overall ‘Science’ has provided 

breath-taking insights and 

technology that underpins our 

culture and enables the relatively 

safe and comfortable lives we lead.  

To look at science together 

with my 13 year old daughter 

in in an interesting and 

thought provoking way. 

No particular 

question. 

Great. Experience tells me 

this course should suit you 

and your daughter well! 
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Reason for attending One question… Michael says… 

Previously attended,  wish to 

bring grandson 

tbc Ahh. A returnee! I hope you and your 

grandson have a great time 

Interest Is Homo Sapiens the 

main cause of Global 

Warming or is it, at least 

partly, due to a natural 

cycle of climatic change? 

I hope you find it interesting!  

 We will talk about more in Week 4, 

but sadly, and it is an astonishing 

achievement in itself, human beings 

are the main cause of the planetary 

warming we have observed in the 

last 60 years. 

Accompany Emily Why does wind 

make it feel 

colder? 

I hope you and Emily have a good time. 

 I think I answered a similar question 

about ‘Wind Chill’ somewhere above. 

I teach at a school.  Education and 

motivation with Science. 

Not as yet. A teacher! Wonderful I 

hope this helps somehow! 

Would like to learn more 

about science and be able to 

help my son with his 

homework/coursework. 

How does a 

camera take a 

picture in HD? 

Welcome. I hope you and 

your son have a great time.  

 I think I answered this 

question somewhere up 

above in these notes. 

My 2 children are interested in Science 

and I would like to attend to have a 

better understanding of the subject so 

if ever they need my help with the 

subject I could get involved more. 

Not at 

present  

Sounds great. The 

thought of a whole family 

doing science together 

makes me all emotional. 
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Reason for attending One question… Michael says… 

To bring 

my son 

along so 

that we 

can learn 

together 

and 

hopefully 

continue 

to develop 

a greater 

understan

ding of 

science 

I either 

read or 

hear 

there are 

more 

stars in 

the 

universe 

then 

grains of 

sand on 

earth. 

Who 

worked 

this out 

and how? 

I hope you and your son have a great time. These kind 

of calculations are approximate ‘order of magnitude’ 

calculations and physicists love doing them. I 

remember being asked at university ‘ If Birmingham 
were razed to the ground, how deep would the rubble 
be?” It makes you think! 

 

To work out the number of grains of sand on Earth I 

did this: I assumed the whole land surface of the 

Earth was covered in sand 1 metre deep – I think this 

must be an overestimate. 

 
 Radius of Earth in metres = 6 400 000 m  

 Surface area = 128 680 000 000 000 m2  

 Fraction of surface which is land 0.3  

 Depth of a layer of sand = 1 m  

 Volume of surface layer 1 m deep  

38 600 000 000 000 m3 
 

 Volume of a single grain = 1 mm3 

 Volume of a single grain = 0.000000001 m3 
 

Number of particles of sand in layer 1 metre deep = 

38 600 000 000 000 000 000 000 

 

For stars and galaxies I looked up these numbers on 

Google. They are really quite uncertain – perhaps by a 

factor of 3 either too small or too large. 

 300 billion stars in the milky way 

 300 billion galaxies in the Universe 

 

So I find 

90 000 000 000 000 000 000 000 stars 

38 600 000 000 000 000 000 000 grains 

 

If a volume of grain of sand were smaller – say 0.1 mm then 

there would be 1000 times more grains. 
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Reason for attending One question… Michael says… 

Interested in 

science as the 

key to 

understanding 

nature. 

Where 

does a 

supreme 

deity fit 

in? 

I too think science is the key to understanding 

Nature, by which I include everything, even us.  

 I am afraid I have no idea where a supreme 

deity fits in. Isaac Newton conceived of a 

deity establishing a framework of perfectly 

regular space and time. But in our modern 

conception, there is no requirement to do this.  

My child is 

very keen on 

science and 

we are always 

on the lookout 

for ways to 

encourage this 

and help him 

figure out 

what area he 

likes best 

What are the 

equations you 

would need to 

figure out how 

many helium 

balloons a person 

would have to 

hold to lift off 

the ground. Silly - 

but we were just 

pondering this one 

the other day. 

What a fine parent you must be! 

The key is to work out the difference in 

density of air and helium. Both are easily 

compressed, but roughly  

 Air has a density of about 1.2 kilograms 

per cubic metre, and helium has a 

density of about 0.17 kilograms per 

cubic metre. 

 The lifting power of a balloon is equal 

this difference in density (1.2 – 0.17 = 

1.03 which we can approximate to 1) 

multiplied by the volume of the balloon 

measured in cubic metres. 

 So to lift 85 kg (i.e. me) you would need 

a volume of approximately 85 m3. A 

large party balloon would have a volume 

of around 10 litres i.e. 0.01 m3 and so 

would require around 8500 balloons. 

 Ish.  

To help my son with 

his GCSE homework 

(and to fill the gaps 

in my own 

knowledge) 

Not really, just to 

understand better 

how things work. 

Amaze me! 

I hope this helps with your son’s 

homework. But somehow I am not 

sure it will. 

I will endeavour to amaze you! 

 

To be inspired and 

understand more 

Not especially I will endeavour to inspire you and 

amaze the person above – should be 

good if I can achieve that! 

To accompany my daughter who 

has a keen interest in science  

No Great. I hope you both have good time. 
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Reason for attending One question… Michael says… 

To learn a little and support 

my son as he has another 

attempt at his GCSE science.  

No Good luck to you both. I don’t know your 

son’s story, but I have found there is 

something about GCSE courses and books 

that can somehow make science dull. I 

genuinely don’t know how they manage it! 

To improve 

my 

knowledge 

in physics 

and to make 

it 

accessible 

to students 

Can you explain 

the northern 

light 

phenomena? 

I hope this works for you and your students. 

Other teachers have told me the course 

helped. 

 To understand the Northern (and Southern) 

lights one needs to understand what light is! 

We will look at the question ‘What is light?” 

at the end of this evening and spend all of 

next week talking about it. We will see that 

all light comes from atoms when they are 

‘hit’ or disturbed in some way.  

 And so the question changes to: “What 
disturbs the atoms in the atmosphere high 
above the Northern and Southern poles of 
the Earth?”. The answer turns out to be 

particles – protons and electrons mainly – 

from the Sun which stream away from the 

Sun and are deflected by the Earth’s 

magnetic field towards the poles. 

This sounds 

like really 

good subject 

development 

for my own 

teaching while 

supporting my 

daughter at 

the same time 

How does today's 

perception of 

global warming fit 

into the world's 

natural cycle of 

change. Is it all 

really propaganda 

and a way to 

further tax 

companies and 

individuals?  

I hope you, your daughter and your 

students can get something out of the 

course. 

 We will talk about Global Warming in 

Week 4 and I hope you will be able to 

make up your own mind.  

 But on a time scale of a few thousand 

years Earth’s climate has been 

remarkably stable. From a scientific 

perspective, our concern about global 

warming is, sadly, not propaganda. The 

world has definitely got hotter in the 

last 60 years and we are definitely the 

cause.  

 As to the issue of taxes: that is not my 

department.  

Keen Interest n/a Great. 
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Reason for attending One question… Michael says… 

For CPD really (and 

sounds really fun!) 

Many... CPD? Did you mean… 
 Continuing Professional Development 

 Cephalopelvic Disproportion 

 Citrate-Phosphate-Dextrose 

 Commission on Presidential Debates 

 Cyclobutane Pyrimidine Dimers 

 Committee on the Present Danger 

 Cincinnati Police Department  

 Cycles Per Degree (ophthalmology) 

 Critical Point Drying 

 Crime Prevention Division 

 Cyclopentadiene 

 Cherry Poppin' Daddies (band) 

 Contact Potential Difference  

 Chronic Pulmonary Disease 

In any case – I hope this helps. 

As a trainee Chemistry and 

Biology teacher, I wish to use 

the course to enhance my 

Physics knowledge 

No Well that would be great. And perhaps 

we can steal some of your Chemistry 

and Biology knowledge in exchange. 

Advance my science 

knowledge and excite my 

passion in order to improve 

my teaching. 

No one question  I will do my best on the 

knowledge front, but NPL 

has a code of conduct about 

‘passion in the workplace’.  

My wife attended the last course 

and really recommended it. Also, 

I thought it might be a good way 

of getting ideas for teaching 

Science at school 

Not for now, 

I'm sure 

they'll be 

many later 

on  

It is always nice to be 

recommended and I hope you 

can find something that will 

help at School. 

Primary trained and no 

science/geography A levels but 

am currently teaching 

geography to bright year 5s 

using a Year 7 textbook - and a 

major topic this term is 

sustainability and world issues 

such as pollution and climate 

change. 

- Several other primary teachers have 

said they found the course helpful. 

There is the possibility that they 

might just have been being polite, but 

also the possibility that it may 

actually help. We will discuss Climate 

Change in Week 4 and hopefully 

there will be some ideas you can re-

use. 

So I can teach it to 

secondary school-aged 

kids 

Can protons 

become neutrons? 

Good luck! I am sure I answered 

that question about protons 

somewhere up above. 
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Reason for attending One question… Michael says… 

To improve my knowledge to 

pass my GCSE and to 

progress with my teacher 

training course.  

Nothing 

specific.  

I hope this helps. I think it might 

help in a general way – helping to 

find out how different parts of a 

GCSE fit together. 

To learn and to 

find out more 

about what makes 

Protons for 

Breakfast 

successful, so I 

can apply the 

lessons to Physics 
Unbound events. 

To understand 

more about 

the principle 

of entropy. 

Ahhh! You have come to steal our ‘trade 

secrets; and magic formula – welcome – 

please take anything you can find that is 

useful to you! 

Entropy. Mmmm. This is a tricky idea. 

Entropy can be measured in a 

straightforward way, but I suspect it is 

the interpretation of Entropy as a 

measure of the amount of disorder in a 

system that you are asking about. Can you 

be any more specific? 

Exploring 

Science and 

having fun  

How does radio 

work?  

Well I hope you manage to do some exploring 

(which is a serious business) and then find 

that you had fun. 

 Radio – we will talk about how radio works 

in Week 2. 

I hope to take triple science 

at GCSE and as a 'potential 

high achiever' in this area I 

want to explore the subjects 

as much as possible to help 

me decide whether to pursue 

science at university.  

Not at the 

moment, I dare 

say questions 

will crop up as 

the course 

progresses. 

My top tip is to take science 

studies (in whatever realm) 

as far as you can go, but not 

to necessarily think of a 

career as a scientist. 

Studying science doesn’t 

rule out a lot of options but 

it does open many doors. 

To support my daughter who 

is also attending 

Nothing in 

particular 

I hope you and your 

daughter have a good time. 

To discover more about 

Physics 

Nothing in 

particular 

I suspect you will discover a 

thing or two about physics. 
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Reason for attending One question… Michael says… 

I attended the 

course 3 years 

ago with my son 

and thought it 

was excellent. My 

daughter needs to 

learn that science 

is exciting and 

fun! 

Do gherkins 

have an 

electrical 

charge? 

It will be interesting to see what you think 

second time around. I think the biscuits have 

improved a lot – and one or two slides have 

changed. I hope your daughter enjoys it. 

 As a graduate of Protons for Breakfast, 

you know very well that Gherkins are 

PACKED with electrical charge. Normally 

there are equal amounts of each type of 

charge, but in Week 2 we will attempt to 

change that! 

I am really 

interested in 

science and 

enjoy 

discovering 

new ideas that 

mean 

something in 

everyday life. 

I also like the 

sound of the 

hands on stuff 

and 

experiments.  

What 

exactly 

does it 

mean when 

you say 

something 

is 

radioactive, 

on an 

atomic 

level? 

I too am very interested in the relationship 

between scientific ideas and everyday life – like 

the idea that we eat protons for breakfast!  

 We will talk more about radioactivity in Week 

6, but briefly, a radioactive atom is an atom 

whose nucleus will at some point in the future 

spontaneously change: 

 The nucleus might emit a clump of two 

protons and two neutrons bound together: 

this process is called ‘alpha particle emission’. 

 The nucleus might emit an electron in an 

amazing process that takes place during 

which a neutron transforms into a proton: 

this process is called ‘beta particle emission’. 

 After either alpha, or beta, emission, the 

nucleus vibrates and sends out a gamma ray. 

So at an atomic level, a radioactive substance is 

one in which the nuclei of the atoms are 

disintegrating and emitting energetic particles 

and rays. 
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Reason for attending One question… Michael says… 

To increase my 

enjoyment and 

understanding of 

Science. 

I am on the Potential 

High Achiever 

Programme at 

Hinchley Wood 

School for Science 

and feel this course 

would benefit me 

greatly. 

How do you 

make Science, 

as a subject, 

more appealing,  

to a wider 

audience? 

 

 

I hope this helps with both your 

enjoyment and understanding. 

Do you mean: 

 How do ‘I’ make science more 

appealing? In which case the 

answer is – that’s what we are all 
doing here.  

Or do you mean: 

 How does ‘one’ make science more 

appealing? In which case the 

answer is -  I don’t know. I am 
just doing what I can. 

To help my daughter 

enjoy science 

None 

particularly 

I hope you and your daughter enjoy 

your evenings together 

I am taking 

Physics GCSE 

and planning 

on taking for 

A-Level and 

possibly to 

study at 

University 

Why do 

microwave

s from 

mobile 

phones 

not cause 

harm to 

humans, or 

do they? 

Wow! Good luck with that! 

 We will look at the issue of the safety of 

mobile phones in Week 5. As your question 

makes clear, the microwaves we use to 

communicate with are the same ones we use to 

cook with! The safety issue comes down to 

answering three questions 

o What is the intensity of the radiation 

reaching our bodies?  

o How much of that is absorbed in our 

bodies? 

o What is the effect of that absorbed 

radiation ‘dose’?. 

Previously attended with 

brother 

no Well I hope you enjoy it without your 

brother! 



 

30 
 

Reason for attending One question… Michael says… 

I am a potential high 

achiever in Science and 

my head of Science 

Miss Freya Oliver has 

recommended that I 

attend this course. 

Furthermore I believe 

this course will 

increase my 

understanding and 

enjoyment of science. 

I would enjoy 

participating in hands 

on activities and 

discussions. 

Would cold 

fusion be 

feasible in 

the future? 

Excellent: I hope you enjoy yourself. 

 Sadly cold fusion is not possible at 

all – past present or future. 

 I mentioned somewhere above that 

nuclear fusion releases vast 

amounts of energy but only after 

we use slightly less (but still vast) 

amounts of energy to create the 

hot environment in which nuclei will 

fuse together. 

 By ‘hot’ I mean roughly 150 

million °C  

 So it is unlikely that we can achieve 

the same thing at room 

temperature or anything close. 

GCSE  in science thought course will help no I hope it helps. 

I really like 

science. I see 

it as my career 

in the future. I 

am keen to find 

out more. 

Will we 

rely on 

nuclear 

power in 

the 

future? 

Welcome: Make sure you chat to a likely looking 

helper and ask them how they got to be doing this 

for a living. 

 Nuclear Power has generated around 20 % of 

the UK’s electricity for the last 40 years and 

it is likely we will continue to rely on it to a 

similar extent in future decades, but with  a 

possible dip in the next few years. 

 More in Week 6. 
 
  


