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PfB10 Week 3 
These are the feedback questions & comments from Week 2 along with my responses.  
For everyone’s sake, I have removed any mention of people’s names. 
 
Understood & Not Understood Michael says… 
I did understand:   The candle 
was melting the liquid nitrogen 
whilst you were talking. 
I didn’t understand:   Why was 
there food? 

Did you mean the candle was causing the liquid nitrogen to 
evaporate? Or did you mean the solid carbon dioxide? Quite 
possible: well spotted. 
There was food because we were visited by a journalist from the 
Institute of Physics and I thought he might like a bite to eat. 

One thing I understood:  the 
temperature of things depends on how 
fast their atoms/molecules are moving. 
One thing I didn’t understand:   If you 
keep heating something up past 2200 
°C will it start to emit ultraviolet and 
then microwaves etc? Can we heat 
things up hotter than that with blowing 
them up (atomic bomb) or is that the 
end result of things getting extremely 
hot. Not too sure I’ve worded that very 
well. 
Also – I knew that it is impossible to 
get things to absolute zero (though I’m 
not sure I understand why) but what 
would happen if you got to absolute 
zero? Is it an end of the universe sort 
of thing? 

Yes. To be pedantic – and I can be – the temperature of 
things is a measure of how fast their atoms/molecules are 
moving. 
Getting hotter, things do emit ultra violet light and then X-
rays. But even cold things – you and I - emit microwaves. NPL 
has even built thermometers that measure the microwave 
emissions from people in order to work out their 
temperature. When things get hotter than a few thousand 
degrees, the collisions between molecules are so violent that 
the atoms become ionised – i.e. electrons are knocked off the 
atoms leaving bare electrons and positively charged ions. 
Even inside the most powerful conventional explosion, 
temperatures do not exceed 10 thousand °C. Inside a nuclear 
explosive, temperatures exceed 10 million °C. 
Why can’t you cool anything to absolute zero? There are 
several ways to think about that. One simple way is to 
consider how we cool things: we cool things by putting them 
in contact with something colder than themselves i.e. with 
slower moving atoms. Since atoms can’t go slower than being 
still, we can’t get a refrigerant cold enough to cool something 
to absolute zero. 

Thanks, I 
understand much 
more about the 
candle. 
I am struggling with 
how you can tell by 
the light 
(wavelength colour). 
How accurate you 
know the material 
it’s made up of. 

Excellent. I really like candles. 
 
I think you are asking how accurately can one tell what something is made of by 
looking at the light it emits or which is reflected from it. The answer is that one 
can do this with astonishing precision from even the tiniest amount of a 
substance. Such a technique – called spectroscopy – would be used routinely to 
examples samples from a crime scene for example, or if there was a mysterious 
substance which one needed to analyse. The ubiquitous ‘Bunsen burner’ was 
developed in order to aid spectroscopy. 
There are many variants of the technique. One simple variant is that a tiny 
sample of a substance is heated so that it evaporates – and the exact 
frequencies of the light it emits are measured and compared with the 
‘fingerprint frequencies’ with which known elements emit light. Another 
alternative is to dissolve the substance in a solvent (e.g. ethanol) and shine light 
through the solution and look at the frequencies of light which are absorbed – 
this is commonly done in the infra red – to identify whole molecules rather than 
individual atoms. 
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Understood & Not Understood Michael says… 
I understood that temperature 
depends on how fast the atoms are 
jiggling. 
One thing I do not understand (though 
it wasn’t mention in the meeting) is why 
it is impossible to reach the absolute 
zero i.e. why will there always be ‘some’ 
jiggle within atoms. 

Yes. That’s what temperature is: it is a measure of how fast 
the atoms within an object are jiggling. 
I mentioned why we cannot cool things to absolute zero 
above I think. What would you use to get them moving that 
slowly? One would have to place slower moving atoms next to 
them to absorb their energy of motion – but you can’t have 
any atoms that are moving slower than not moving. One can 
get as close to absolute zero as one likes (the current record 
is a few billionths of a degree above absolute zero i.e. 
roughly 0.000000001 °C above absolute zero. Surely that’s 
close enough? 

Thank you for the ice-
cream. 
About experiment with 
magnets: does it mean 
iron jiggling slower than 
terbium. 
Does CO2 has a top 
temperature after which 
it will not heat more than 
that. 

You are welcome. 
Mmmm. Not quite. Its complicated. Roughly speaking, the atoms of objects 
at the same temperature jiggle at the same speed. That’s why when they 
are placed in contact neither one heats the other. For the magnets I 
showed you, there are two critical quantities that differ between them.  
• The strength of each individual atomic magnet 
• The strength of the force causing them to line up 
In Terbium, the individual atomic magnets are around 10 times stronger 
than the individual atomic magnets in Iron 
However in iron the forces causing the individual magnets to align are 
around 10 times stronger than in Terbium. 
So iron can withstand more jiggling and still keep its atomic magnets 
aligned.  
I am not sure what you mean by your question about the CO2 

Waves are usually displayed as                
length …… height. Do they also have 
width> Or diameter? 
Is this why the bands from 
interference can be seen? Forming the 
darker bands? 
We know generally waves travel in 
straight lines. Are they packed into a 
rectangular or circular cross section? 

Looking at your sketches (which we can’t reproduce) I can 
see you have been thinking about this a lot. This is a difficult 
question to answer succinctly. Or even at length. 
In general people are familiar with waves in only one context 
: water. However waves – patterns of linked vibration in 
which energy but not matter is transmitted from place to 
place. We are familiar with phrases like ‘Sound wave’ and 
‘Light wave’ but we only rarely experience anything waving.  
In a light wave, the quantity which oscillates is the direction 
and intensity of the local electric field. This is >extremely< 
hard to visualise in a realistic way and so I have tried to 
communicate the essential feature of the light relevant to 
allow people to understand that it really is a wave. 
I hope that – sort of – answers your question. But I doubt it. 

Got it. 
Actually all as clear as a bell. 
Well done. 

Excellent 
Thank you 
Well done yourself 
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Understood & Not Understood Michael says… 
Why do things sublime….. 
Why don’t they just go from 
solid to liquid? 
What temperature is nitrogen 
solid at? 
Understand – that we give off 
radiation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Great question. What distinguishes a liquid from a solid is that a liquid 
can easily change shape. This requires the molecules of the substance 
to change position with respect to their neighbours. Carbon dioxide is 
a linear molecule: the C and the O atoms are all lined up and held very 
rigidly (by electrical forces) in that shape. You can imagine something 
like this   . Packing these together to make a solid is easy: 
The molecules stick weakly together something like this. 

 

a 
And when they are heated they can form a gas easily. The gas might 
look something like this: 

 

 
However to form a liquid the molecules would have to be randomly 
oriented and because of their shape that means the molecules would 
not be very tightly packed together. 

 

 
 
What happens is that the rotation of the CO2 molecules weakens the 
electrical attraction between neighbouring molecules so much that the 
molecules fly off and form a gas before the liquid can form. Things are 
more complicated than this in three dimensions – the real arrangement 
of molecules in the solid is shown left (Courtesy of Wikipedia) 
One can force carbon dioxide to become a liquid by pressurising it. It 
forms a liquid above 5 atmospheres of pressure and can be stored in 
liquid form at room temperatures at pressures of a few hundred 
atmospheres 
Nitrogen freezes when it is cooled 9 °C more than the temperature at 
which it condenses i.e. Nitrogen liquefies at –196 °C and solidifies 
at -205 °C. 
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Understood & Not Understood Michael says… 
Someone age 12¼ so take that! 
2 songs, 1 of them so early. When we 
did the ice experiment, it really hurt 
and felt like th ice was burning my 
hand… My mum went ahhhh after 
holding it very long. 
I think it was amazing how the block of 
carbon dioxide was as smoky or steamy. 
Abra ca dab ra, I like your mad 
scientist part, Bang Bang Bang, ha ha 
ha. 
Pink balloon my favourite. It’s sooooo 
totally cool when the balloon puffs up a 
lot. 
Hilariously mad evil scientist with 
weird drink. That drink lasts for like 
years. Me and my mum are thinking 
about using carbon dioxide for 
Halloween this year, shhh. When I first 
saw you put the cup in I thought there 
was thunder inside. The silver balloon 
tuned into the witch from the wizard 
of oz. Love the safety goggles I wish 
ours at school were like that. Your ice-
cream rules! 

OK. 
Yes you will have to wait till the end this week for the song. 
You wouldn’t really hurt yourself just because I asked you 
would you? 
 
It was neither smoky nor steamy, but misty. The mist was 
tiny droplets of water condensing from the air because the 
air had cooled 
 
Yes I guess I was playing up the stereotype there. 
 
Pink is my favourite too. And I too love it when the balloon 
re-inflates. 
 
Everything I demonstrate has been cleared with our safety 
officer first. So let me tell you the trick to drinking the 
water safely. When you put solid CO2 in water it rapidly 
freezes water ice around it. If you use medium size pieces of 
the solid CO2 –more than a centimetre or so across - this will 
safely sink to the bottom of the bowl or cup. If you use 
smaller pieces the water ice causes the dry ice to float on 
the surface and there is a chance someone could swallow a 
piece of dry ice. This could be >very serious indeed<. When 
we have offered dry ice laced drinks to people we have 
served them through a sieve to prevent this happening. Sorry 
to go on, but I cannot tell you awful I would feel if even one 
person hurt themselves trying out the things we show here. 
 
Thank you for your other kind thoughts. 
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Understood & Not Understood Michael says… 
Speed of light man here again. You can 
tell that I am interested in this! 
An object falling into a black hole will 
appear (to an outside observer) that 
time slows down – and at the point of 
entry to the black hole does time 
stop?? 
If so, I have heard that material 
falling into black holes is what powers 
things like quasars? How can this be so 
if this material has “slowed down”. So 
much due to the effect of time 
“dilution”? – If time has stopped – the 
object does not move? 
Therefore nothing can fall into a black 
hole?  
 
 
 

 

I have to say I am unconvinced by the idea that ‘an object’ 
could ever fall into a black hole. The gravitational forces in 
the region of a black hole are similar to the electrical forces 
acting on particles within atoms. I think any ‘object’ i.e. 
collection of atoms – would be torn apart as it approached a 
black hole. 
Material falling into a black hole does not slow down – it 
speeds up – exactly as on object on Earth speeds up if we 
drop it. In a black hole the acceleration is much more 
extreme. The speeding up of atoms is the same thing as 
heating atoms and so as material falls into a black hole, we 
envision that it would become enormously hot and emit 
tremendously bright light. 
The event horizon is something of significance for observers 
of a black hole from a distance, but for matter falling into 
black holes, there would be no unusual event that occurred at 
the horizon. Time would in no way slow down. Consider the 
following experiment which you can perform at home. Try 
creating a waterfall (see left). Arrange that the flow 
narrows as the channel approaches the waterfall. This will 
cause the water to speed up. If you have a little motor boat 
you can observe an ‘event horizon’ which is exactly analogous 
to that in a black hole – but nothing special happens there. 
Its just that if you go too close to the waterfall (black hole) 
you will never escape. 
 

River narrows and flow speeds up 

This is an ‘Event Horizon’  
• If boat is upstream from here its engine will be 

powerful enough to overcome the flow.  
• If boat is downstream from here the flow will be too 

fast and the boat will swept over the waterfall. 
• But there is nothing ‘special’ that marks out this point

 
Ice is cold. 
Why I can’t think of anything to say. 

Well observed. 
Errr. Neither can I/ 
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Understood & Not Understood Michael says… 
What makes light but has no infra 
rays. Hard 1 ahhhh. 

Mmmm. Not sure what you mean. I think  you are asking about 
whether there is a light source which emits light but not infra 
red light. There are many. Lasers and light emitting diodes 
(LEDs) to name but two. 

I understand that heat is mainly 
through infra-red. 
However how far can infra red travel? 
Great presentation!! 

Infra red light can travel as far as light. We have telescopes 
in space which observe infra red light from the most distant 
regions of the universe.  

Why does ice also give me a ‘burning’ 
sensation? 
Loved your ‘mad scientist’ moment with 
the hammer and dry ice. Liked your 
Vincent Price impersonation with the 
evil scientist potion. Could I put red 
cordial in it or even green to make a 
Halloween drink> 
Wow! – Balloon with liquid nitrogen 
amazing! Isn’t there cure for wrinkles 
there somewhere? 
Fab ice cream – is that how Heston 
Blumenthal makes it? 
I’ve heard that magnets can destroy a 
computer! Is this so? If so, how does 
this happen? 
What happens when I rub my cold 
hands together to make them warm> 
One thing I understand: How a slow 
moving atom slows down a fast moving 
atom. How to make spooky drinks. 
One thing I didn’t understand:  Why 
can’t I remember it all? 

That’s a pain response: neither specifically hot or cold. I 
think. 
Yes I hate to reinforce negative stereotypes of scientists 
but it is occasionally irresistible. Yes we have made a 
Halloween drink before, but please see the warning 
somewhere above about precautions to take against someone 
ingesting solid CO2. 
I had never thought of a cure for wrinkles – will mention it to 
our Business Development Team. 
Yes, I believe Heston Blumenthal makes it exactly so – but 
with a bit more pretentiousness – and I bet he doesn’t use 
Banana Flavour NesQuick™ 
The hard disk in the computer which stores the information 
when the computer is switched off can indeed be damaged by 
exposure to strong magnetic fields. Why? Because it is a disk 
(as its name implies) with a magnetic coating, and it 
magnetises and de-magnetises billions of tiny regions of the 
disk to store the information. Each region is less than a 
thousandth of a millimetre across.  
Exactly what you think. Friction is the electrical interaction 
between atoms in one object (left hand) with atoms in 
another (right hand). When you rub them, you make the 
outside atoms move faster and your hands get warm. A 
secondary effect is that as your skin warms, your body 
reacts to open up tiny blood vessels that distribute warm 
blood to your extremities.  
Glad you understood the slow/fast thing. No one can 
remember it all – even me! 
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Understood & Not Understood Michael says… 
How come I’ve never learnt that every 
heat gives off light etc – surely that’s 
something they should teach at GCSE? 
(Not just ‘red hot’). 
Also what are you going to do with the 
rest of the solid carbon dioxide? 
Also what did you mean by some stars 
not giving off light? 
I understood the idea of atoms jiggling 
at different rates in the different 
states of matter. 

I have thought exactly the same thing. GCSE syllabuses 
(syllabi?) tend to be list based & fact based and I guess this 
just fell off the end of a list. This course is more story 
based. I have introduced you to some characters – atoms, 
electric fields etc. – and told you some stories about them. 
The key thing is that in physics these characters are pretty 
much the entire cast! With the occasional exception, this is 
it!  
 
I gave the rest of the carbon dioxide to a teacher. 
 
I think it was the song that mentioned that some stars give 
off no light. Obvious, we can’t observe such stars easily, but 
we suppose they must exist. Nowadays the stars might be 
called neutron stars (which are stars at the end of their ‘life’ 
in which all the nuclear reactions which can generate energy 
have taken place and the star collapses under its own gravity 
such that the very atoms of the star are compressed into 
nuclear matter) or may be brown dwarfs (which are just 
‘burnt out stars’) 
 
Excellent! 

Liquid nitrogen and balloon fab way of 
showing the effect of temperature. 

Yes. I love that demonstration. 

I say it was amazing and I want to 
ask you a question. OK, now can you 
answer, 
What is the meaning of life? 
Answer here. Also give it back.   

Well I thought I had explained last week that IMHO each of us 
needs to decide for ourselves what is the meaning of our life. 
Personally, I find meaning in the relationships I have with my 
wife and my children, my family and friends. Beyond that I find 
my work very challenging and enjoyable. I also find 
communicating with people on this course – both visitors and 
colleagues - very worthwhile. 

This week helped to make sense of last week. 
I understand electromagnetic effect on 
spectrum – light, infrared etc and love the 
idea of sublimation – liquid → gas. 

Excellent. That was part of the plan.  
Excellent. The vision of the electromagnetic spectrum 
is a stupendous human achievement in which you can 
now share. Wow! 
I think you mean sublimation – solid → gas 

Thank you for the ice cream. 
And – where did you get so like 
CO2, Nitrogen 

You are welcome. 
 
The dry ice comes from YARA 
http://ind.yara.co.uk/en/products_services/products/dry_ice.html 
 
Liquid Nitrogen is not available to the public, but we can supply 
small quantities to trained people in local schools. 
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Understood & Not Understood Michael says… 
One thing – many I understood:  
You choose one! I learnt a lot 
today. 
• Hot → fast moving atoms / 

molecules. 
• Cold → slow moving atoms / 

molecules. 
• Carbon dioxide → goes from 

solid → gas. 
• What liquid nitrogen feels 

like. 
• Magnetism is a low 

temperature activity. 
• Measurement equipment to 

measure heat. 
• You are very messy but a 

pleasure to watch. 
Are you allowed to cook at home? 
One thing I did not understand: 
Explain frost bite. 
If we are so good as mammals at 
controlling temperature – what 
happens? 

Excellent! 
• Yes! 
• Yes! 
• Yes! 
• Cool! 
• Yes. Heating up a magnet causes it to lose its magnetism. 
• I think the measuring equipment measured temperature not 

heat. What’s the difference? Heat is an amount of energy – the 
energy of all the atoms and molecules jiggling. Temperature is a 
measure of how fast they are moving (technically their kinetic 
energy). 

• I don’t know whether to be outraged at being called messy or 
delighted at being described as a pleasure to watch ☺ 

 
Frost bite is a colloquial word for a cold burn.  A burn is when the 
cells of our flesh are destroyed. This can be by heat (which melts 
the fatty layers around our cells), by chemicals (which can dissolve 
the fats or disrupt the functioning of the cell) or by cold which 
freezes the cell causing it to expand (its basically water) and 
fracture which on warming allows he contents of the cell to leak 
out. 
 
In extreme cold we restrict blood flow to our extremities to 
prevent heat loss from the more important internal parts of our 
body and our brain. Frostbite is serious, but not usually fatal. 

With the borrowed 
spectrometer we 
looked at the 
sodium street 
lights. 
There was a dark 
line at the “yellow” 
range. – Why? why 
not a strong bright 
????? 

Mmmm. Very well observed. I had never noticed that and I had to look it up. The 
answer is ‘its complicated’. Putting it as simply as I can: the phenomenon is called 
self-reversal and occurs in high pressure sodium lamps (which give yellowish 
white light) but not low pressure sodium lamps (which give the intensely yellow 
light). It occurs because atoms which emit light waves also absorb light waves 
with exactly the same frequency. Whether emission or absorption wins out 
depends on the temperature profile within the gas. In this case the hotter 
(emitting) gas is in the middle and the cooler (absorbing) gas is on the outside. In 
low pressure lamps there is so little gas in the tube that light leaves the tube 
directly without being absorbed. I hope that helps. 

Understood:  temperature is a measure of how 
much different things ‘jiggle’ or move. 

Yes. Temperature is measure of the speed with 
which they jiggle. 

I understood that cooling iron makes it lose its magnetic power. 
Got lost in summary a bit – trying to remember low atoms … no, 
actually I remember that bit!! 
Great week – best so far! Well done again! Great presentation. 
(P.S. Is this statement right … 
atoms are permanently sending out light, and making wave s…. 
unless they’ve cooled to an incredible level – absolute zero). 

Err. No. Heating Iron makes it 
lose its magnetic iron 
 
Glad you enjoyed it 
 
Yes Your statement is exactly 
right – the waves may be infra 
red light rather than visible light, 
but yes. That’s right 
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Understood & Not Understood Michael says… 
Understood:  How liquid N2 can run 
over me and not hurt me. 
Did not understand:  Why I can’t think 
of anything to write down! 

Excellent. That’s the Leidenfrost Effect. 
 
It’s the end of the evening. You’re probably tired. I certainly 
am. 

That temperature 
affects magnetism 
and lots of other 
stuff. 
Is frequency the 
number of waves 
passing through a 
point or the number 
of jiggles up and 
down? 
Brilliant – everyone 
should see this! 

Yes. ‘Lots of other stuff’: that sums it up nicely 
 
It turns out to be both! Imagine standing in the water at the beach.  

 

 
If you stand at a point and let a wave run past you, then if you count the 
number of crests that pass you per second (or maybe per minute if we are at 
the beach) then that is the frequency of the wave. However, if you don’t look 
at where the wave is coming from or going to, and just watch (say) the water 
level on your own (slim) stomach, then you will see the water level rise and fall a 
certain number of times per minute, and that is also the frequency. It’s a bit 
tricky to grasp. Like so many things.  

Didn’t understand: 
If cooling terbidium 
makes it magnetic, 
can everything be 
made magnetic if 
they can be cooled 
sufficiently? And if 
so was the universe 
magnetic at it’s 
origin? 
Understood: Liquid 
floating on a layer 
of gas. 

Terbium. Terbidium is the non-existent mineral referred to in the Science 
fiction film ‘Total Recall’. Terbium is one of FOUR (!) elements named after the 
town of Ytterby in Sweden. No. Not everything becomes magnetic, but almost 
everything does something interesting when cooled. Someone asked about the 
magnets at the large hadron collider (LHC) and whether the Terbium was 
connected with these. No. The magnets at the LHC are superconducting 
electromagnets. 
 
Some materials which do not become magnetic at low temperatures become 
superconducting – they develop the ability to pass electrical currents without 
any heating what so ever. So we can make a coil of superconducting wire, cool it 
down, put in an electrical current to make an electromagnet, and then join the 
two ends and take the power supply away. The current will flow round and round 
the magnet without any decay indefinitely as long as he magnet is kept cold. 
 
Ahhh. You mean the Leidenfrost Effect. 

Loved the songs as usual, Oh, and the 
ice cream thing was mega, awesome, 
cool! Pity I couldn’t try some (allergies) 
it looked tasty tho!  
I didn’t understand totally how the 
magnet and heat thing. 
I understood how the balloon with 
liquid nitrogen thing (awesome). 

I’m glad you liked the songs but sorry about the ice cream. 
We had dairy-free ice cream based on soya milk and 
‘everything free’ sorbet based on orange cordial. 
 
The ‘magnet and the heat thing’ is subtle. I show it only to 
make the point that there can be changes within a substance 
caused by the reduction in jiggling that can be very dramatic. 
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Understood & Not Understood Michael says… 
I love your telepathic 
powers and magic 
smashing powers. 
What would happen if 
you put your hand in 
absolute zero. 
You should have used 
twinkle twinkle little 
star. 
How does the sun’s heat 
travel through a vacuum 
(space) as well as our 
atmosphere. 
You didn’t explain a 
supernova. 

Yes. Did you not sense that I had telepathic powers? 
 
‘Twinkle Twinkle’ is indeed a fantastic song, expressing succinctly humanity’s 
quest to understand the Universe around us. Posing a tentative ‘diamond’ 
hypothesis the song piques the curiosity of even the youngest listener.  
We will deal with this the issue of how the Sun’s ‘heat’ reach the Earth this 
week. But briefly what travels from the Sun to the Earth is light – visible 
and infra red. When the light reaches the Earth it makes the atoms jiggle – 
which means it increases their temperature. 
I didn’t. A supernova occurs as a star dies. First of all one needs to 
understand that a star is gigantic collection of hydrogen atoms drawn 
together by their mutual gravitation attraction. At the centre of the star 
the temperature and density become so great that the nuclei of the 
hydrogen atoms fuse together to create nuclei of Helium atoms. Vast 
amounts of energy are released and this flow of energy inflates the star and 
stops it collapsing. For a typical star this process proceeds for a few billion 
years. (BTW: The big bang occurred 13.5 billion years ago and the Earth was 
formed around 4.5 Billion years ago: this makes our Sun amongst the second 
or third generation of stars formed since the big bang.) As we understand 
it, after all a star’s nuclear fuel has been used up, the star starts to collapse 
under its own gravity. As the density and temperature builds up new types 
of nuclear fusion become possible and the star re-ignites and burns fuel at a 
fantastic rate and the star glows very brightly. The new energy rushing 
outwards meets the matter collapsing inwards and there is an almighty 
explosion. This is called a nova, or supernova if it’s big. 

I understood how the 
movement of the atoms 
made us feel heat. 
I didn’t understand how 
the camera could see our 
body heat. Is there special 
technology thingy in it? 

Excellent. Yes atoms are not confined to laboratories  
Special Technology? You bet there is! That camera cost more than 
£40,000! Inside is a ‘chip’ like those in a normal digital camera but this 
one is cooled to 35 degrees above absolute zero i.e. minus 238 °C – colder 
than the liquid nitrogen. This slows down the vibrations of the atoms in 
the chip. When we focus the infra red light from the room onto the chip, 
it forms a image just like a normal camera but with infra red light. 
Cooling the chip and its surroundings stops it being overwhelmed by the 
infra red light it gives out itself. 

I understood how I am giving off infra-
red light. I’m ELECTRIC! 
I didn’t understand how the infra-red 
camera can see our infra-red light! 

You are indeed giving off infra red light – as is everything 
around you. And yes YOU ARE ELECTRIC. 
That the camera can see infra red light is a phenomenal 
technical achievement. I think gave some sort of explanation 
a few questions ago, but you can read more about it here. 

http://en.wikipedia.org/wiki/Thermographic_camera 
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Understood & Not Understood Michael says… 
Wow – again really enjoyed 
the experiments. 
Particularly the balloon and 
the magnetism. 
LED lights are popular now 
how were they 
developed/discovered to 
emit light? 
What is their spectrum in 
relation to other light? 
I understood the 
magnetism and 
temperatures. 
I didn’t understand about 
the noise of liquid nitrogen 
falling on the carpet. It 
seemed like an explosion in 
the carpet fibres! 
Thanks once again. Superb. 

Excellent 
From the earliest investigations of semiconductors, people knew that 
near a junction between two types of semiconductor, electrons would 
oscillate with a frequency in the infra red region of the spectrum 
whenever a continuous electrical current was passed through the 
junction. The junction required just two connections and so is called a 
diode (as opposed to a triode etc…) and hence it was a Light – Emitting 
Diode (LED). The frequencies, were just below the visible region. These 
were used widely in the early days of telecommunications using optical 
fibres which were designed to transmit infra red rather than visible 
light. Over several decades scientists have devised ways to increase the 
frequency of the emitted light. First there were red LEDs; then green; 
then yellow (which can also be made out of a red and a green together) 
and then blue and ultra violet. Now the challenge is to increase the 
efficiency with which the light is emitted. 
 
The LED spectrum is narrower than an incandescent light source, but 
broader than a laser.  

Blue LED

Green 

Red LED 

Figure from Wikipedia

 
The noise on the carpet is in a way the counterpart to the long-lived 
droplets floating on the table. The long-lived droplets were formed 
because the Leidenfrost effect separated the liquid (-196 °C) from the 
table (+ 20 °C) with a layer of insulating gas. The carpet has many small 
fibres and the liquid is forced into contact with the fibres and instantly 
changes from liquid to gas – increasing in volume by a factor 1000 in a 
fraction of a second – that is an explosion, and that is what you heard. 

We are made of atoms and we are 
jiggling around all the time – even when 
we sleep! I feel so exhausted. 
How did that balloon completely 
regenerate to its original state and is 
there a point that it will not do that – 
after how many times? 

Yes! Yes! Yes! ‘Motion Motion everywhere!’. 
 
In principle the experiment can be done as many times as one 
can be bothered to do it. Handling the rubber when cold 
probably damages it a little and some very cheap rubber 
balloons cannot stand that kind of treatment and they do 
pop. That’s why I always use John Lewis balloons – Never 
knowingly undercooled 
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Understood & Not Understood Michael says… 
That was so 
exciting especially 
with the liquid. 
Why do the light 
have rays? 

Yes. I love liquid Nitrogen. 
I am not sure how to answer that question. The idea of a light ray is a curious one. 
It basically builds on the observation that in a uniform medium, light travels in 
straight lines. I can’t quite think of anything else to say because I am not sure 
really what you are asking! 

We already knew and 
understood about how 
a candle “works”. 
We didn’t quite 
understand why the 
hottest star isn’t the 
colour red when that’s 
the colour most 
associated with heat. 

You already knew? Fantastic! 
 
An association with heat in what sense? Often culturally we associate the 
colour red with high temperatures or hot objects (e.g. hot taps are coloured 
red). But you know that the cells in our eyes which give us the sensation of 
red are stimulated by lower frequency light than the cells in our eyes which 
give us the sensation of blue. As an object gets hotter it emits more and more 
waves at all frequencies, and the highest frequency emitted increases also. As 
the temperature increases we first notice emission of red light, and then as it 
gets hotter and hotter we gradually get emission which is balanced across the 
visible spectrum. So as objects get hotter and hotter they become white hot.  

Can you buy liquid nitrogen containers off ebay? 
Can you get liquid carbon dioxide? 
If you stop a atom giggling does it not give out 
infra-red light. 

Yes 
Yes. At – 79 °C you need to pressurise the gas to 
around 5 atmospheres. At room temperature you 
need to pressurise it to around 300 atmospheres. 
Giggling ? – that’s what children do! Jiggling is what 
atoms do – and yes, if you stop it jiggling it does not 
give out infra red light. 

You should become a fortune teller with your 
telepathic skills. 
The star song was very sad. 
Please – no more homework!! 
Tip: When turning ice into powder use a sledgehammer! 

Yes it was amazing wasn’t it. 
Indeed it was sad. 
You are under no obligation to do the 
homework! 
Thanks for that tip. I’ll see if I have one 
handy. ☺ 

Pretty boooogling with the atoms at 
the end but I love the banananana ice 
cream! 
Yaaaaaaaaaaaaaaaaaaaaaaay! 
Best session yet! 

Yes but now you are equipped to cope with boggling things.  
I am glad you liked the ice cream: I didn’t know the team had 
made banana flavour! Wow! 
Glad you enjoyed it. 

That was boggling, bring more banana ice cream because it was 
really tasty and it calmed my brain form boggling itself up. Yay, 
liquid nitrogen makes yummy ice cream – wooooo. 

Mmmm. I will remember that for 
next time. 

Is there no 
movement at 
absolute zero? 

Mmmm. I make myself a private promise in giving these talks and answering people’s 
questions that I will omit to mention some things – but that I will not actually lie. So 
although I would like to tell you that the answer is that there is no movement at 
absolute zero, I have to tell you that there is a kind of movement that remains even 
at absolute zero. Its to do with quantum mechanics. 

Why is space everywhere. Mmmm. It’s a good question, but I don’t know how to answer 
it. One way of thinking about this would be o ask: what would 
be there is space wasn’t there? 
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Understood & Not Understood Michael says… 
John Nunn, Good molecular model!! 
(sorry if spelt wrong). 
You must be fascinated by balloons, as 
you use them every week, however I 
like them too! So no worries!! – or is it a 
molecular ooooo. 
This week was again very interesting! I 
love science and am hoping to do triple 
science for GCSE, then continue to 
doing all sciences for A-level, i.e. 
physics, chem. an bio. I would also like 
to do maths and possibly further 
maths!! 
How long does it take to make all the 
PowerPoints, and answer to all the 
feedback?? 
Loved frying pan experiment! (Sorry 
about that, didn’t realise there was 
Q;s. 
One thing I understood: Most of it. 
One thing I didn’t: Only a few things! 

John Nunn’s Virtual Phsyicsl Laboratory is fantastic. More 
details here. 
http://www.npl.co.uk/server.php?show=nav.1244 
You are quite right. I love balloons! 
 
I am glad you found it interesting & that you are enjoying 
Science. You are smart to make a plan for your future, but be 
alive to the possibility that things can change. Studying and 
learning about science opens up enormous possibilities in 
terms of careers, even if you don’t become a scientist. 
 
The time spent on the PowerPoints varies from presentation 
to presentation. I haven’t made many changes this time but I 
made loads last time and they took hours! A colleagues types 
up the feedback sheets for me, and then I generally spend 
four or five hours answering the questions over the weekend. 
I love the frying pan experiment too. I made a film about it 
and submitted it to a science film website (SciCast) but it 
was banned! You can see it on the protonsforbreakfast 
channel on YouTube 
 
Understood some things, not some others: that’s life ☺ 

You know when the atoms are hitting 
the inside of the balloon …. 
Actually it doesn’t matter. 
Thanks for everything! 

Yes…Oh I was just getting all excited thinking about the 
electrical interactions between the molecules in the gas and 
the molecules in the wall of the balloon and you say it doesn’t 
matter! 
You are welcome  

Understand: Infra red light. 
Didn’t understand: Can’t think of anything. 

Excellent 
No Prob. 
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Understood & Not Understood Michael says… 
Why does water expand when it turns 
to ice? 
I understand how a candle works! 
 

 

That is a great question. Unfortunately it is one that is very 
hard to answer. However I will try. The basic reason 
originates in the shape of a water molecule and the 
distribution of electrical charge around the molecule. This is 
a caricature of a water molecule 

 
In the solid these molecules are stacked together in a way 
which minimises the distance together of opposite electrical 
charges, and maximises the distance between electrical 
charges with the same sign. This leads to a structure which 
has relatively large ‘holes’ in it (see  picture on the left).  
When water melts, the molecules have a more random 
arrangement and some molecules ‘fall into’ the spaces in the 
solid structure. Thus the liquid has more molecules packed 
into a given space than the solid. This is the opposite of the 
case for most solids and liquids in which it is the solid which 
is more dense. The link below has some 3-D models of ice & 
water. 

http://www.edinformatics.com/interactive_molecules/ice.htm 
I’m glad you understand how a candle works. 

Science is sooo coooool. I love it and I 
love all the experience too. 

I am happy that you feel that way. 

Me and my friend really love science 
and we think protons for breakfast is 
cool!! 
My hands really hurt after the ice 
thing. I love the picture of the cat and 
dog, it was sooo cute!! (My friend looks 
like a monkey). 

I am skipping breakfast at the moment to lose weight, but 
when I do eat breakfast, I always eat protons. 
I hope they didn’t hurt too badly. 
Yes: I picked the picture because it was very cute! 
Your friend looks like a monkey? If you have looked at 
monkey’s closely I think you will find we all look like monkeys! 

Absolutely fantastic. 
When will you be doing the Royal 
Institution Christmas lectures? 
I was surprised that the balloon re-
inflated after coming out of the liquid 
nitrogen as I thought the extreme cold 
would damage the rubber and it would 
break? 

I did actually ask but I was told I was not eligible because I 
don’t currently work for a university. 
 
Yes it is surprising  because its looks sooo dead when it 
comes out of the liquid nitrogen. 
 
The rubber has very long thin molecules which are entangled 
together in a horrible mess: think of hundreds of entangled 
strings. When the rubber is warm the ceaseless jiggling of 
the molecules allows the molecules to slide past each other, 
allowing rubber to stretch. When we slow down the ability of 
the molecules to jiggle, they become fixed in place and the 
rubber stops being stretchy. It would indeed break if I 
stretched it or bent it too much while it was cold. 
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Understood & Not Understood Michael says… 
Still need more biscuits and I enjoyed this lesson 
because I understand all about particles! 
I also loved the ice cream! 
Thanks. I would like to be involved more and help 
you!  

More biscuits AND ice cream?? 
I am glad you understand about part-icles. I don’t 
know how old you are, but when you are little older 
we would be delighted to accept your offer of 
help. 

Understood: How movement of 
molecules generates heat. 
Don’t understand: The whole magnetic 
earth thing… v weird – will try to find 
out! 
Thank you x 

Mmmm. Nearly. The movement if molecules >IS< heat.  
 
The origin of Earth’s magnetism is complicated but originates 
in electrical currents flowing in the molten part of the 
Earth’s outer core. So the origin of the field is connected 
with the fact the outer core is a liquid metal (a conductor of 
electricity) and not with the fact that when the metal is 
cooler it would be magnetic. 

I enjoyed the thermal camera but I 
honestly never seen dancing like that 
since John Sergeant was on Strictly 
Come Dancing. I don’t understand why 
the ????? happen? 

Oh well. I thought my dancing was OK" 
The typist couldn’t the read the word – is it ‘droplets’? In 
which case I don’t know whether you mean the droplets or 
water in the drying pan or of liquid nitrogen on the tables! In 
either case the explanation is the same: the liquid formed 
droplets (why they do that is for a separate explanation) and 
these floated on a layer of their own vapour. This allowed 
them to move with very low friction across the surface. 

Going back a couple of weeks – if speed of a wave 
is due to the tension in this jelly baby device, 
does the constant speed of light tell us something 
interesting about space, the universe, or is it just 
a number that comes from who knows where? 
And if the tension was different would absolute 
zero be different? 

What a great question. Yes that does tell us things 
about space itself. But it is very difficult to say 
exactly what! At the moment there is no theory 
that predicts the speed of light in terms of any 
more fundamental quantities.  
 
I don’t quite get the link to absolute zero, but I 
think the answer is ‘No’ 

I will never get bored of watching 
liquid nitrogen running over a surface. 
I wonder if you can get infra-red 
thermal camera thingy scopes for 
rifles …. I want one. 
P.S. You should have ice cream every 
week. You know you want it too. Go on, 
admit it. I think I’ve started a 
conversation with myself ….. Oh well. 

Absolutely. It is fascinating to see the way the droplets glide 
and wobble. Its an usual combination. 
I expect infra red sights for rifles exist. It seems like every 
amazing technology is developed first by the military. 
Ice cream every week? It’s a lot of work to make the ice 
cream and if we did that every week we wouldn’t have a 
chance to do all the other things. 
M: Conversations with oneself can be… 
M: Very Instructive? 
M: Yes Exactly. 

Did understand: Temperature and magnetism – hadn’t 
really known it before. 
Didn’t understand: How you can get so much sugar into 
one ice cream cone! 

Excellent. 
It is shocking: but its not untypical of how 
much sugar there is regular ice cream. Now 
you know why it tastes so nice! 
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