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Paul Dirac: a genius in 
the history of physics 

This year is the 100th anniversary of Paul Adrien Maurice Dirac who was born in Bristol, 
England, on 8 August 1902 and died on 20 October 1984 in Tallahassee, Florida, US. 

Richard Dalitz looks back over a remarkable career in physics. 

The year 2002 is the centennial year for Paul Dirac, who was born in 
Bristol on 8 August 1902. His Swiss father, Charles, was born in 
Monthey near Geneva in 1866 and migrated to Bristol, England, to 
become the French teacher at the Merchant Venturers Technical 
College. His mother was Florence Holten, a Cornish woman who was 
born in Liskeard in 1878 and became a librarian in Bristol.They mar­
ried in Bristol in 1899 and had three children: two sons (of which 
Paul was the younger) and then a daughter. After his primary and 
secondary education at the technical college, Paul Dirac joined the 
electrical engineering department of Bristol University in 1918 to 
train as an electrical engineer.This choice was due to prompting from 
his father who was concerned about his son's job prospects. 

Dirac did well at university, but he did not find a suitable job due 
to post-war conditions. His desire was to go to Cambridge University 
to study mathematics and physics. He was accepted by St John's 
College, Cambridge, in 1921, but was offered only a minor scholar­
ship, insufficient to support him there. Fortunately, he was able to 
study Applied Mathematics at Bristol University for two years, paying 
no fees and living at home. After this, in 1923, he was awarded a 
major scholarship at St John's College and a Department of 
Scientific and Industrial Research training grant, but even these did 
not cover the amount he needed to study at Cambridge. In the end 
he was able to go to St John's College because extraordinary action 
was taken by the college. He did all his life's work there, from post- > 
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A reflective Dirac in later life attending a conference while still 
Lucasian Professor. Dirac as a young man in about 1925. 
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graduate studies in 1923 to retirement 
from his Lucasian professorship in 1969 
(excluding sabbatical leaves). Thus, it 
turned out that the college made a prof­
itable investment when they gave him a 
modest increase to the major schol­
arship they had awarded him. 

Paul Dirac died, aged 82, on 20 
October 1984 as a Nobel Prize winner 
(1933) and a member of the British 
Order of Merit (1973). He was the out­
standing theoretical physicist in Britain 
in the 20th century. In 1995 there was a 
great celebration of Dirac and his work 
in London. A plaque was placed in 
Westminster Abbey as a memorial to 
him and his achievements, joining 
similar plaques to Newton, Maxwell, 
Thomson, Green and other outstanding 
theoretical physicists. It included Dime's 
equation in a compact relativistic form (as Dirac's full equation 
would not have fitted on the plaque).This was not a form that Dirac 
would ever have used, although later students of Dirac often used it. 
As part of the celebration, addresses were given on four topics 
related to Dirac's work (see PGoddard 1998 in Further reading). 

M o n u m e n t a l d iscover ies 
Dirac established the most general theory of quantum mechanics 
and discovered the relativistic equation for the electron, which now 
bears his name. The remarkable notion of an antiparticle to each 
particle - i.e. the positron as antiparticle to the electron - stems from 
his equation. He was the first to develop quantum field theory, which 
underlies all theoretical work on sub-atomic or "elementary" parti­
cles today, work that is fundamental to our understanding of the 
forces of nature. He proposed and investigated the concept of a 
magnetic monopole, an object not yet known empirically, as a 
means of bringing even greater symmetry to Maxwell's equations of 
electromagnetism. He quantized the gravitational field, and devel­
oped a general theory of quantum field theories with dynamical con­
straints, which forms the basis of the gauge theories and superstring 
theories of today. The influence and importance of his work has 
increased with the decades, and physicists daily use the concepts 
and equations that he developed. 

Dirac's first step into a new quantum theory was taken late in 
September 1925. R H Fowler, his research supervisor, had received 
a proof copy of an exploratory paper by Werner Heisenberg in the 
framework of the old quantum theory of Bohr and Sommerfeld, 
which leaned heavily on Bohr's correspondence principle but 
changed the equations so that they involved directly observable 
quantities. Fowler sent Heisenberg's paper on to Dirac, who was on 
vacation in Bristol, asking him to look into this paper carefully. 
Dirac's attention was drawn to a mysterious mathematical relation­
ship, at first sight unintelligible, that Heisenberg had reached. 
Several weeks later, back in Cambridge, Dirac suddenly recognized 
that this mathematical form had the same structure as the Poisson 

This plaque to commemorate Paul Dirac has 
been placed in the floor of London's 
Westminster Abbey, adjacent to Newton's grave. 
It was made at Cambridge, using green slate, in 
Cardoso Kindersley's workshop. 

Brackets that occur in the classical 
dynamics of particle motion. From this 
thought he quickly developed a quan­
tum theory that was based on non-com­
muting dynamical variables.This led him 
to a more profound and significant gen­
eral formulation of quantum mechanics 
than was achieved by any other worker 
in this field (see P Dirac 1925 in Further 
reading). 

This was a major achievement that 
marked him out from others in the field. 
As a young, 25-year-old physicist he 
was quickly accepted by outstanding 
physicists. He was invited to speak at 
their most exclusive conferences, such 
as the Solvay Congress of 1927 (see 
Further reading), and joined in their 
deliberations as an equal. 

However, this general formulation 
allowed him to go much further. With it, he was able to develop his 
transformation theory, which showed explicitly (see P Dirac 1927 in 
Further reading) how it was possible to relate a range of different 
formulations of quantum mechanics, all of them equivalent in their 
physical consequences, such as Schrôdinger's wave equation and 
Heisenberg's matrix mechanics. This was an astonishing achieve­
ment, which led to a deeper understanding of quantum mechanics 
and its use. This transformation theory was the pinnacle of Dirac's 
development of quantum mechanics since it unified all proposed 
versions of quantum mechanics, as well as giving rise to a contin­
uum of other possible versions. In later life Dirac considered this 
transformation theory to be his own as no other quantum mechani­
cian had found any hint of it. Altogether, Dirac's quantum mechanics 
takes a simple and beautiful form, with a structure showing ele­
gance and economy of concept, and linked directly with the classi­
cal theory. It showed us a new aspect of our universe, both profound 
and perplexing in its new concepts, and certainly unexpected. 

Even as an undergraduate Dirac had been deeply conscious of 
the importance of special relativity in physics, the theory that 
Einstein had put forward in 1905 and that Dirac had learned about 
from lectures by C D Broad, the philosophy professor at Bristol 
University. Most of his early papers as a postgraduate student were 
devoted to modifying calculations already in the literature to make 
them compatible with special relativity. In 1927 Dirac sought to 
develop a theory of the electron that satisfied this requirement and 
he published his relativistically invariant equation for the electron 
early in 1928 (see P Dirac 1928 in Further reading). 

Although this goal had been in the minds of many other physi­
cists, none had been able to find a satisfactory equation. He gave an 
argument, simple and of the utmost elegance, that was based on 
the requirement that his transformation theory should also hold for 
relativistic quantum mechan i cs -an argument that specified the 
general form this relativistic equation should have, an argument that 
all physicists have found compelling. His transformation theory 
requires the equation to be no more than linear in time-derivative, 
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while relativity arguments indicate that the equation can be only 
linear in the space derivatives also. Dirac's equation is certainly one 
of the most beautiful physics equations. Professor Sir Nevill Mott, 
former director of the Cavendish Laboratory, wrote recently: "This 
[equation] seemed, and still seems to me, the most beautiful and 
exciting piece of pure theoretical physics that I have seen in my 
l i fet ime-comparable with Maxwell's deduction that the displace­
ment current, and therefore electromagnetism, must exist." (See 
B Kursunoglu and E P Wigner 1988 in Further reading.) Also, the 
Dirac equation for the electron implied that it should have spin 1/2, 
and a magnetic moment of eh / (4 j tm) , where h is the Planck con­
stant and m is the electron mass, correct to the accuracy of 0.1%. 

Dirac's equation and his theory of the electron have remained 
firm up to the present day. Its predictions have been thoroughly veri­
fied for all atomic and molecular systems. It has been demonstrated 
to hold for all other particles that have the same spin as the elec­
tron, such as the protons, the hyperons and all other baryons, when 
their induced magnetic moments are taken into account; and all 
known leptons, to say nothing of the fundamental building blocks of 
all hadrons, the quarks themselves. It is universally applicable and 
well known by all physicists and chemists, something nobody could 
deny. Indeed, in 1929 Dirac felt able to state: "The general theory of 
quantum mechanics is now complete...The underlying physical laws 
necessary for the mathematical theory of a large part of physics 
and the whole of chemistry are thus completely known." (See P Dirac 
1929 in Further reading.) 

Beaut i fu l phys ics 
Dirac soon showed that his equation had other, unexpected, impli­
cations for these particles. The equation predicted the existence of 
antiparticles, such as the positron and the negatively-charged 
antiproton, objects now well known in high-energy physics laborator­
ies. Indeed, all particles have corresponding antiparticles and 
almost all of them are now known empirically. The positron and 
antiproton are particularly well known, both being stable in a 
vacuum, and are now widely used in collider accelerators, with which 
physicists study physical phenomena at very high energies. 

It is important to emphasize here the outstanding beauty of 

Dirac's equation. It may be difficult to convey this quality to non-
scientists, but we can be confident that no physicist would disagree 
with this statement. The Dirac equation is one of the most out­
standing discoveries.Through this work, Dirac uncovered for us all a 
fundamental and satisfying principle governing our universe, which 
demonstrates to an unsurpassed degree the elegance of its struc­
ture. For this discovery, Dirac's name will be known forever. It is an 
outstanding monument to his ability and ingenuity, leading us to 
comprehend at least one aspect of the fundamental forces in this 
remarkable universe in which we live. 

Dirac's name would be high in physics records even if quantum 
mechanics and transformation theory were his only contributions 
to knowledge. His discovery of the Dirac equation puts him far above 
all others - an outstanding genius in the history of physics. 
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Richard Dalitz, Oxford University 
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Dirac lecturing at Cambridge University in 1946. 

Paul Dirac, Wolfgang Paul! and Rudolf Peierls in discussion at the 

International Conference on Nuclear Physics, Birmingham, 1948. 



Starting up in optics 

from concept to commercial success 
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So you want to start up an optics company? 
This new seminar looks at how to take your idea and turn it into a commercial success. 

• protecting your intellectual property 
securing funding 
approachingventure capitalists 
writing a business plan 
choosing a business model 
growingyour company 
preparing for acquisition or flotation 

Listen firsthand to the experiences of European optics 
start-ups, as wel l as advice from venture capitalists, 
intellectual-property experts and business analysts. 

Now is the right time to start a company, say venture capitalists 

For further information, email startingup@optics.org 
or telephone Géraldine Pounsford on +44117 9301022. 

M a k e s u r e y o u a t t e n d t h i s s e m i n a r a n d r e a l i z e y o u r p o t e n t i a l 

A European business seminar from Opto & Laser Europe 

"Now is a better 
time than any to \ 
start a company" 

Milton Chang, 
CEO, Incubic, 
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The UK's premier event in optics and ptwtootcs 1 
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