
There’s no such 
thing as a free 

lunch......

Peter Watson

Milton Freedman, 
after Robert Heinlein 

in “The Moon is a 
Harsh Mistress”

The search for perpetual 
motion

Why is the government 
trying to suppress obvious 

sources of energy?
You know I did some research about inventors 
and scientists whos work in this direction has 
been supressed  or bought out, or who have just 
been killed.
I found that it hasn't been just a 'few' nor a few 
dozen, not a few hundred, but OVER 1000 
inventors have been forcibly shut up, covered up, 
bullied, threatened, or killed to protect the energy 
industry.

 e.g. capillary action sucks 
water up a fine tube, can 
arrange for this to widen 
out and flow downwards



•Or using floating 
blocks

• But obviously mechanical ones are better, 
because we can simulate them and prove they 
work.

• We can arrange for a complicated system of 
forces on a wheel.

which turns for ever

• Leonardo da Vinci invented one

Which also runs for ever

• Lots of people have thought of the over-
balancing wheel

• Here is a modern version

which turns for ever



A neat variation Or this one

But obviously magnetism 
will work better

•This is Bishop John Wilkin’s machine

But “the bullet would not fall down through the hole, but ascend to 
the stone.So that none of all these magnetical experiments which 
have been as yet discovered, are sufficient for the effecting of a 
perpetual motion, though these kind of qualities seem most 
conducible unto it; and perhaps, hereafter, it may be contrived from 
them.”



But fortunately some 
people have finally got it 

to work
But maybe 

water would 
work better:
this is Robert 

Fludd’s 
device

See, it works Well, at least this one 
does



But actually it will work 
better if we combine 
pressure and liquids

Like this

Complicated 

Water evaporates from the felt on the head, lowering the temperature 
of the glass head and causes dichloromethane vapour in the head to 
condense.

1. Pressure drops in the head causes the liquid to be pushed up from the 
base.

2. Liquid flows into head, tipping bird over during its oscillations.
3. Bottom end of the neck tube rises above the surface of the liquid, 

produces bubble of vapour.
4. Liquid flows back to the bottom bulb, restoring the bird to its vertical 

position
5. The liquid in the bottom bulb is heated by air, which is at a slightly 

higher temperature than the head.

Note what we have is a (very inefficient) heat engine

• Lots of heat engines: e.g an expanding gas can do work, 
and the gas cools down (like an auto engine)

• and this leads to .....



The First Law of Thermodynamics
Effectively: energy is conserved. When a gas expands, its energy 
can change, and it can change the energy of its surroundings

• If the piston is allowed to move,then the gas will heat or cool.

• e.g suppose we paddle a canoe: mechanical energy in the paddle 
⇒ motion in the water⇒ motion of the individual molecules ⇒ heat

• e.g suppose we burn gasoline in a car: the heat energy in the hot 
gases ⇒ mechanical energy transmitted to the tires ⇒ mechanical 

energy (and the gas gets cold)

• e.g suppose you eat food before running: the food energy is stored 
in ATP in your muscles, and ⇒ kinetic energy when you run

• Done properly:

• Work done externally = heat added - change in internal energy

The Second Law of 
Thermodynamics

For example, why can't we have (e.g) a boat that takes in water at 
20°C, extracts some heat, turns it into energy and exhausts cold 
water

• Doesn't violate first law

How could we do it in practice?

• Two plates of material (dark red and 
blue in the figure) with one-way mirror 
between them 

• Radiation from the left plate will be 
reflected back and reabsorbed. 

• Radiation from the right plate passes 
through the one-way mirror to be 
absorbed by the other plate.

• Pass water over both plates: water on 
left heats up & boils, water on right 
cools down

• Can run a steam engine

Shares in the company will be available after class

But we can use radiation!



• In order to get work out of a system, one must have 
a very asymmetrical system

• e.g. High pressure one side of a piston, low pressure 
the other side. Can this arise by chance?

• e.g. high temp. one side of a piston Can this arise by 
chance?

Fortunately some people still 
have a respect for physics

Entropy

• Essentially the relative probability of finding a 
particular arrangement by chance. If arrangement 
is improbable, we can always get work out of it.

• THOMASINA: When you stir your rice pudding, Septimus, the 
spoonful of jam spreads itself round making red trails like the 
picture of a meteor in my astronomical atlas. But if you need 
stir backward, the jam will not come together again. Indeed, 
the pudding does not notice and continues to turn pink just as 
before. Do you think this odd?

• Hot gas + cold gas ⇒ warm gas

• Gas molecules will randomize themselves very fast
• a system will always tend towards the most random arrangement



Another version of the 2nd Law:

Entropy tends to increase in a closed system.

Of course we can decrease entropy 
locally:

• How about a fridge? Initially room 
and fridge at same temp., afterwards 
T0 < T1

• Fridge is not a closed system: must 
include power station. 

• How about hydro-power?

Degradation of energy: 
high temp. energy in sun ⇒ low temp. Energy 

on earth
•Note that the nomenclature complicates 
things unnecessarily: it would be easier if 
heat was called energy (or maybe heat 
energy) and entropy was called heat.

•  Then paraphrase of 2nd Law would be

•All forms of energy get converted into heat 
energy. 

•Once all the heat is at the same 
temperature, can get no further work.

Murphy's versions of the laws 
of thermodynamics

1st: You can't win
•2nd: You can't break even
•3rd: You can't quit the game

With the exception of cases involving perpetual motion, a 
model is not ordinarily required by the Office to 
demonstrate the operability of a device. If operability of a 
device is questioned, the applicant must establish it to the 
satisfaction of the examiner, but he or she may choose his 
or her own way of so doing.
USPTO Manual of Patent Examining Practice

•THOMASINA: “Well, it is odd. Heat goes to cold. It's 
a one-way street. Your tea will end up at room 
temperature. What's happening to your tea is 
happening to everything everywhere. The sun and 
the stars. It'll take a while but we're all going to end 
up at room temperature." 

•Stoppard, Arcadia 

•Can we beat this? 



Maxwell’s Demon
•Suppose we could see single atoms

•(we can, this is IBM constructed in Xenon 
atoms by Scanning Tunnelling Electron 
microscope!)  

The demon can see atoms, and open 
a trap-door if they are hot

Allows us to 
separate warm into 

hot and cold

And hence to defeat the second law !!!!!!!!!!!!!

Violates Second law?

No: the demon 
has to use energy 
to look at atoms: 
extra energy 
heats up gas and 
nullifies effect!

How about this
•A sphere will reflect radiation 

to its centre

•An ellipse  will reflect radiation from one 
focus to another



•Suppose we combine the 
two?

•Heat will flow from one to the other:

•the hot one will get hotter and the cold one 
colder

•Unfortunately it only works until the 
unwanted reflections build up

•and the cavity just fills up with radiation

•so maybe we can get cheap energy


