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140 years ago, in 1879 around 600,000 people died in Britain. In the same year over 
1200 people worldwide who have their names in Wikipedia died. 
Why are we here today talking about just one of them? James Clerk Maxwell. What 
did he do that was so fantastic? Why do I think he was the greatest of them all – one 
of the three greatest physicists ever?
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My first object is the ESU/EMU balance. It represents the reason Maxwell is mainly 
remembered today – his theory of electromagnetism. This did more than show that 
light was an electromagnetic wave – that was only part of it. He showed a way of 
describing mathematically what was going on in the space between objects - even 
when that space was apparently completely empty – and by successfully describing 
light, Maxwell showed that his ideas worked physically in the real world as well as 
mathematically. His approach – called “field theory” - inspired Einstein, who based his 
theory of relativity on it – and underpins modern technology and physics. A new way 
of thinking – where the important thing was not the objects, but the space between 
the objects – the “field” – change from Newtonian gravitation to field theory.

So, where does this piece of kit, with the obscure name, fit in? It is the central part of 
the apparatus with which Maxwell measured the speed his theory predicted for 
electromagnetic waves.

You can see that at each end of the balance is a disc – which could be charged with 
electricity – surrounded by a wire coil which an electric current could flow round. 
What Maxwell did was balance the attraction between two oppositely charged discs, 
against the repulsion between two currents flowing in opposite directions. Then he 
could use his theory to work out the speed of electromagnetic waves from the 
amount of charge and current. He did it, and it agreed roughly with the known speed 
of light.
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Here is Maxwell’s diagram of the experiment. You can see the balance suspended in 
the middle. One end (A) is near a similar, fixed, disc and coil (C). These are the discs 
and coils between which Maxwell was measuring. You can watch how far apart the 
discs are through the microscope. But the disc and coil A is also affected by the 
Earth’s magnetic field, so Maxwell put an identical coil A’ at the other end of the 
balance to counteract this effect. The balance is suspended by a copper wire so it can 
twist. The rest of the apparatus is for charging the discs and creating the current, and 
measuring them with a galvanometer, G. 

It needed 2 people to do the experiment. One watched the distance between A and C 
through the microscope as the charge and current were connected. They adjusted it 
until there was no movement on connection, showing that the charge and current 
forces balanced. The other watched the galvanometer, and could adjust the relative 
amounts of charge and current using a resistance S. From these measurements, 
Maxwell worked out the speed of electromagnetic waves as 288,000 km/s. A bit low 
compared with the speed of light, but near enough.

Maxwell couldn’t have done the experiment without the help of this man, John Peter 
Gassiot. Gassiot was a wealthy wine merchant and amateur scientist, with his own 
private laboratory in London. He owned the biggest battery in Britain – 2600 batteries 
linked together, delivering 3000 volts and occupying an entire room. He let Maxwell 
use the battery, and helped with the experiment.
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I said earlier that Maxwell showed how to think about empty space. He did. But he 
arrived at his ideas by thinking of space as filled with a fluid called the ether. The 
ether couldn’t be seen or felt, but it behaved like a perfect fluid, and its movement 
transmitted electric and magnetic action. 

Here is the way he began by imagining electromagnetism – with whirlpools - called 
vortices - of ether causing magnetic effects, and little balls that moved between the 
vortices causing electrical effects. 

He knew the mathematics of vortices, so this model helped him to work out the 
mathematical description of the electromagnetic field. Having got those equations, 
and shown that they worked, he discarded the model. It was no longer needed. But 
we will see through the rest of my talk, that ideas of rotation and vortices come up 
again and again in Maxwell’s work.
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So who was this man Maxwell, who did this great work? My next object, representing 
Maxwell’s early life and first experiments, begins to answer the question. I’ll come 
back to the object in a few minutes.

5



Born in Edinburgh’ New Town – photo of India St – now the home of the Clerk 
Maxwell Foundation.

Influential family of Scottish landowners, lawyers, artists, and amateur scientists. One 
uncle was an MP, another had been Solicitor General for Scotland, 12 relatives had 
been fellows of the Royal Society of Edinburgh, the Royal Society, or both. A relative 
by marriage was the noted portrait painter, William Dyce – who painted this portrait 
of Maxwell and his mother, Frances Cay.

Published his first scientific work while still at school. Subsequently educated at 
Edinburgh University and Cambridge.

Professor at Aberdeen, where he married the Principal’s daughter. Made redundant 
and moved to be professor at King’s College London – where initiated most of his 
greatest work.

Founding professor of the Cavendish Laboratory in Cambridge.

Died of stomach cancer (as had killed his mother) at age 48.

6



The constant backdrop to his life was Glenlair, his father, John Clerk Maxwell’s, estate 
in Galloway, that Maxwell subsequently inherited. Maxwell spent his early childhood 
there.

From the outset, he was fascinated by wheels and tops and things that went round 
and round, and he was intensely curious about the natural world, always asking 
questions. What’s the go o’ that? But what’s the particular go o’ it?

We have brilliant pictures of life at Glenlair, and Maxwell’s childhood, because his 
cousin, Jemima Wedderburn was 8 years older than him, and well on the way to 
being one of the most popular illustrators of Victorian Britain.

Describe pictures briefly.

Mother died 1839

Unsuccessful experiment with tutor.

Move to Edinburgh 1841 to go to school.
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Lived with his Aunt Isabella Wedderburn, Jemima’s mother, and sometimes with Aunt 
Jane, in austere architecture of Edinburgh New Town. Church twice on Sundays –
Presbyterian St Andrews in the mornings (his father’s religion) – Statue now just 
outside – and Episcopalian St John’s in the afternoon (his mother’s religion).

But life not all austere surroundings and church. As we can see from Jemima’s 
pictures, he was surrounded by a lively and intellectual family. 

Above all, he had…
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Edinburgh Academy, initially a disaster – Galloway accent, home-designed clothes 
“Daftie”, but gradually acquired respect of some of the more academic boys, and 
made lifelong friends, especially Lewis Campbell – later professor of Greek at St 
Andrews, and Peter Guthrie Tait – professor of physics at Edinburgh.

He discovered mathematics, science, and poetry.

Tait notebook – “props”; “Vampyre” based on John Polidori’s novella – 1819 – the 
first published modern vampire story.

Prizes. 4/36 questions.

Taken to meetings of RSE by father and uncle.

1845 first paper to Royal Society of Edinburgh “On the Description of oval curves, and 
those having plurality of foci” when only 14 – read by Professor Forbes.

A turning point in Maxwell’s life came when he was 15. His uncle took him, and his 
friend Lewis Campbell, to visit William Nicol in his private laboratory. Nicol had 
invented a “polarising prism”. The polarised light produced could be used for studying 
the structure of transparent materials. The visit inspired Maxwell to a scientific career 
and to do his own experiments.
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Returning to Glenlair for the summer holidays, he set up his own laboratory, possibly 
in this building.

Point out typical Maxwell humour.

10



And he constructed his own polariscope and annealed glass samples – my second 
object.

Show the strained glass samples, and the polariser

Normally light waves “wave” in any direction. But a polariser of some sort only lets 
through light waving in one direction. Think about a skipping rope being waved 
through a garden fence – the rope can only wave up and down. If a second polariser 
(or fence) is turned the other way (“crossed”), at right angles, then none of the light 
can get through. But some materials, especially ones with long thin molecules, are 
able to change the angle of polarisation of light. If you put some such material 
between the two crossed polarisers, then light gets through, and you see colours, 
depending on the material.

You can try the basic idea for yourself, using some polarising film (or old sunglass 
lenses) and some sellotape. Hold them up to a window to see the effect.

Maxwell didn’t have an overhead projector – or polaroid film. But he made his own 
polariser, which used darkened mirrors to polarise the light. Between the two 
mirrors, he could slot frames containing his samples of annealed glass.
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We’ve just seen the results using polaroid film and a projector. 

Maxwell painted pictures of what he saw using his polariscope. Here they are for 
comparison.

The experiments gave him the idea of using polarised light to investigate the strains in 
a solid when it had been stressed – which formed the basis of a paper “On the 
Equilibrium of Elastic Solids”, for the Royal Society of Edinburgh while he was a 
student at Edinburgh University.
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From Edinburgh, Maxwell went to Cambridge to study mathematics. My next object, 
his model of Saturn’s Rings, stands for the maths he learnt there, and the success he 
had with it a few years later when a Professor at Aberdeen.

He arrived in Cambridge with mixed reports. 

“He is not a little uncouth in his manners, but withal one of the most original young 
men I have ever met with” wrote his Edinburgh professor, Forbes.  

And his friend, Tait, commented “he had a mass of knowledge which was really 
immense for so young a man, but in a state of disorder appalling to his methodical 
private tutor, William Hopkins.”

That same Hopkins subsequently judged, “...he is unquestionably the most 
extraordinary man I have met with, in the whole range of my experience; it appears 
impossible for Maxwell to think incorrectly on physical subjects but in his 
[mathematical] analysis he is far more deficient....”
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True to form, Maxwell did extremely well at Cambridge, thriving on the lively 
intellectual social life, and continuing the experiments he had begun in Edinburgh on 
colour vision. - Colour wheel in photo, and on statue.

But he chafed at the narrow focus of the mathematics curriculum. As so often, he let 
out his feelings in verse.

Point out room in college

Mathematics has to be viewed within the context of the natural world – it is not an 
end in itself. Evidence of strong religious convictions that ran through his science. 
We’ll see more of this later.

Despite his frustrations, Maxwell did extremely well, coming out 2nd top in the highly 
competitive mathematics exams.

He rapidly gained himself, first a fellowship at Trinity College, and then, in 1856, a 
Professorship at Aberdeen – to be nearer his father who, however, died the same 
year.

At Aberdeen, he capitalised on some of that “confounded hydrostatics” in his analysis 
of the stability of motion of Saturn’s Rings – which won Cambridge’s prestigious 
Adams Prize in 1857.
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This was the work that first made Maxwell’s name as one of the greatest 
mathematical physicists of any generation (Garber). Saturn's rings had fascinated 
astronomers for 100s of years. But analysing them mathematically had proved far too 
difficult unless scientists assumed that the rings were solid – and their physical 
intuition told them that solid rings would be unstable. 

Maxwell found that the only type of ring that was stable was one made of particles. 
While the whole ring orbited Saturn, the particles made their own small circles inside 
it. Maxwell showed that they could either circle in the same direction as the whole 
ring, or in the opposite direction to the whole ring. His findings were confirmed in the 
1980s by the Voyager Mission fly through.

By this time, Maxwell was teaching students, and realised the importance of visual 
aids. So, not content with presenting his ideas mathematically, he had a model made 
– for “sensible image worshippers”. (humour)

The ivory balls are the particles. Pins fix the wheels so the model can show the balls 
rotating with the rings, or against the rings. And it can show the balls either from the 
viewpoint of an external observer (watch the ball near the marker), or of an observer 
travelling round on a ring.

Demonstrate prograde motion in external frame and internal frame
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Despite his success, and that he had recently married the Principal’s daughter, 
Maxwell was made redundant from Aberdeen when Marischal College merged with 
King’s College in 1859.

But the following year he got a job as Professor at King’s College, London. The next 10 
years saw his greatest work – electromagnetic theory, which we have already heard 
about, and the kinetic theory of gases, which I am not going to talk about at any 
length.

They are also the 10 years when his domestic side, and partnership with his wife, are 
most evident. My next object stands for Maxwell’s home life.

This is a bag, designed and embroidered, by Maxwell when a boy, for his Aunt Jane. 
He made up the pattern and chose the colours himself. It is an early example of his 
strong interest in geometry and colour. Although it dates from his childhood it 
demonstrates his affectionate regard for many of his female relatives, and the lack of 
boundaries between his scientific and personal life. 
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In London, Maxwell had some laboratory facilities at King’s College.  But he also set up shop 
at home, and his wife Katherine, helped him – first with experiments on colour vision, and 
later on the viscosity of gases at different temperatures.  Maxwell remarked to Tait that 
Katherine, “did all the real work of the kinetic theory.”

The picture shows them soon after their marriage in 1858. Note the dog. Maxwell always 
had a dog – and always called “Toby”. 

We know very little about Katherine, but she has had a bad press. She was 7 years older 
than Maxwell, and they had no children. Some of his female friends and relatives disliked 
her intensely. This may be just Scottish social snobbery – her father had climbed from 
poverty to being an unpopular Principal of Marischal College – said to ride “in a vehicle 
drawn by two horses, Ambition being the name of the one and Avarice that of the other.”  It 
may be significant that after Maxwell’s death Katherine remained in Cambridge, where she 
seems to have got on well with some of the other academic wives, rather than returning to 
Scotland.

What we do know is that she and Maxwell remained devoted to each other throughout 
their lives, and that religious belief was a strong element of the relationship. One letter has 
survived from Katherine to Maxwell, written in the 1870s. Here, long after the enthusiasm 
of courtship shown in Maxwell’s poem, we see a woman confident in his affection for her. It 
is a trivial letter, just relating her comings and goings – but it starts “My own dear doutie
husband”, refers to him as “my doutie” throughout, and finishes, “from your own Batty 
wifie”. These are probably what Maxwell’s biographers termed “enfantillages” and 
deliberately cut out of the very limited selection of religious letters between the pair that 
they published. 

17



After 5 years in London, Maxwell resigned his Professorship and retired to Glenlair –
hoping to have more time to work out his ideas.

They promptly set to, extending the house. This is the extension. As in the bag 
embroidered as a boy, we see Maxwell’s interest in colour and geometrical design in a 
domestic setting – the Minton tiled floor he designed for the entrance hall, and the 
logarithmic spirals in the wall brackets. 

Significantly, the plans did not include a better home laboratory. His type of science 
was becoming relatively big science – and moving into the public sphere. 

Although he visited London and used Gassiot’s private, but highly professional lab for 
his electromagnetic experiments in 1868, University physics laboratories were 
becoming the thing – started by his friend William Thomson’s lab at Glasgow 
University.
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In 1871 Cambridge University decided to build a Laboratory and teach experimental 

physics. They appointed Maxwell as the first “Cavendish Professor.”

No one knew very much about designing custom-built laboratories, but Maxwell set 

to with enthusiasm.

Pages from his notebook show his initial thoughts for the L-shaped building. But again 

the boundaries are blurred. The same pages show his list of houses he and Katherine 

might rent, and the furnishings he was looking for.

The photos show the finished laboratory – that Maxwell set well on the way to 

becoming the world famous “Cavendish Laboratory.”
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My 5th object stands for the work that went on in the Cavendish Laboratory, and 

Maxwell’s approach to teaching experimental physics.  This is the Kew 

Magnetometer, used for measuring the Earth’s magnetic field.

It has a magnet, which is a hollow tube, suspended by a wire inside this wooden box 

– the suspension column is missing from Maxwell’s instrument (but shown in diagram 

on next slide). The magnet will hang lined up to magnetic north-south. The box and 

arms are on a turntable, so they can be turned to line up with the magnet. At one end 

of the arm is a mirror. When everything is lined up to the magnet, a ray of light 

reflected from the mirror will pass straight through the tube of the magnet, and can 

be seen watched through a telescope (missing) at the other end. Gridlines in the 

telescope and hollow magnet let everything be lined up very precisely. Then the 

magnet was twisted slightly to set it swinging. The strength of the Earth’s magnetic 

field was calculated from the time of each swing. The observer had to keep his eye on 

the telescope and listen to a clock at the same time to take these measurements.
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Maxwell started all his new students off by learning how to use the Kew 
Magnetometer. They said he thought it was good training, because of the skill needed 
to set it up accurately and then to watch and listen at the same time.

But it also had a greater significance for Maxwell, shown by this quotation from his 
inaugural lecture at Cambridge.

The Magnetic Union was a large scale “crowd-sourcing” experiment to map the 
Earth’s magnetic field all over Europe. It was organised by the Germans Gauss and 
Weber when Maxwell a boy, and excited his admiration for its moral character even 
more than its valuable results. By starting his students off with this instrument, 
Maxwell hoped to instil something of the same collaborative approach to science – as 
well as learning the self-discipline needed for accurate measurement.
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As we have already seen, many experiments of Maxwell’s time required close 
watching of a swinging object. Thomson’s mirror galvanometer for measuring electric 
current was often used. Maxwell’s brilliant parody of Tennyson’s poem The spendour
falls on castle walls, makes clear the difficulty of reading with any accuracy the end 
point of a highly unstable swinging magnet.

It also shows us clearly Maxwell’s views on the place of women – which was not in 
the laboratory (despite Katherine’s assistance at home). The line, “to mirror heaven 
those eyes were given” suggests that he swallowed, hook, line, and sinker, the 
Victorian belief that a woman’s place was as “the angel in the house”, preserving the 
religious beliefs and the morals of the nation – probably in Maxwell’s eyes a higher 
calling. 

Although he opened the Cavendish Laboratory to all members of Cambridge 
University, those members were male. A few female students were clamouring to be 
admitted. Eventually, he let his assistant, William Garnett, run a class for women 
during the summer holidays while Maxwell was away in Glenlair.
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The final object is my favourite. For me it sums Maxwell up. This is his zoetrope, a 
childhood toy that he turned into a scientific demonstration. It brings together his 
sense of humour, his blending of the domestic, scientific and religious, and his 
fascination with all things that go round and round.

Zoetropes were invented in 1834, and Maxwell and Jemima had played with them as 
children. The normal zoetrope is a drum with slits in it. A printed strip inside has a 
series of pictures showing stages of something moving. Watch the strip through the 
slits while the drum rotates and you seem to see the thing moving (by persistence of 
vision).

In the 1860s, Maxwell invented this improved zoetrope, which replaced the slits with 
lenses. This made the image more stable and sharper and brighter. 

He had great fun painting strips for it. Some were just fun, such as acrobats 
somersaulting over each other (show). But others were serious scientific 
demonstrations, such as this strip showing vortex rings moving through each other –
that I’ll talk about in a minute after we’ve seen some videos of the zoetrope in 
operation.
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In the mid 1860s, Maxwell’s friend William Thomson, suggested that atoms might be made of 
vortex rings in the ether – that same invisible fluid that Maxwell had used to get to his 
electromagnetic theory. A vortex ring is the line of a whirlpool, bent round and joined up on 
itself. The smoke rings that some skilled smokers can blow are examples of vortex rings (and 
were probably familiar to many Victorians). Thomson showed that in a perfect fluid like the 
ether, vortex rings would last for ever – just like atoms. They could also, in principle, have the 
form of knots. Different types of knot might be different types of atoms. So understanding 
knots, and the way that vortex rings moved, was suddenly very important. It turned out that 
rings that started off close together stayed close together, continually circling through each 
other. Maxwell showed this in his strip.

Vortex atoms appealed particularly to religious-minded physicists like Maxwell, Thomson, and 
Tait. Because they could not be created, or destroyed, by any physical process. So, the belief 
went, they must have been created in the beginning by something outside of science – a 
Creator or God.

I am finishing with the first verse of a poem Maxwell wrote the year before he died. It 
stresses the religious aspect of vortex atoms, and takes a dig at the belief of some of his 
colleagues, that anything, such as God, that cannot be studied scientifically, does not exist. 
Being able to deal in only 3 dimensions, they cannot unravel either his soul, or vortex atoms. 
Geometry, and vortices in the ether, that were so central to his physics, were at one with his 
religion. 

The man whose ideas about things going round and round gave us a new way of thinking 
about space.
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