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Foreword 

 
Eppur, si muove - And yet, it moves. 
 
Galileo Galilei (1633) 
 

It has been said that a wise man does not share 
his knowledge, as by so doing, he allows everyone else 
to gain his knowledge and he is no longer seen as wise.   
 In truth, there is a difference between 
knowledge and wisdom, the two are not the same, but 
interlinked. The path to knowledge and the teaching of 
it is in part what bestows wisdom, as well as the 
knowledge itself. Furthermore, ignorance is not good, 
for the lack of knowledge, or even a little knowledge, is 
hazardous. If humankind had a more accurate and 
complete knowledge, that true knowledge would in 
itself endow a greater wisdom to use it properly. To 
this end, this book has been written to assist in 
knowing the beauty of modern physics, to help gain an 
insight into the elegance of the structure of the 
Universe and to give a far greater understanding of the 
aesthetic way in which Nature is designed. 

Interestingly, Galileo published his knowledge 
of the workings of the solar system as a dialogue 
between three interlocutors, which had a popular 
appeal. Had Galileo not published in the way he did, 
his work on a heliocentric (sun centred) solar system 
may be unknown today. His work was heavily 
censured by the Church, which then believed that the 
Earth was the centre of the Universe and was 
immovable, and Galileo was forced to publicly recant 
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his works.  Legend has it that after recanting his works, 
as he rose from kneeling, he quietly uttered the words 
– and yet, it moves. These words have captivated 
scientists and scholars for many years, as they 
epitomised a symbol of defiance and captivated the 
nobility of purpose, in adversity, in the search for truth 
and scientific beauty.  

It is the manifest beauty and elegance of the 
Universe that moves the writing of this book. These 
chronicles of modern physics, are written on a 
historical basis and at the same time explain the 
aesthetics of quantum physics. The brilliant genius and 
the ironic twists and turns in the birth of modern 
physics are intriguing and ultimately point to a unified 
approach. Indeed, we introduce such a new unified 
and elegant view of the Universe, which corroborates 
modern physics and helps explain it.  These new 
aspects of this work have also been published in a 
scientific fashion and I would guide the reader to the 
first two notes in the endnotes section.1, 2  

Great care has been taken in this book to 
maintain historical and scientific accuracy, and I stress 
that any new ideas do not challenge modern textbook 
physics but corroborate and help explain it.3-5 Even 
some of the counter-intuitive propositions that are part 
of modern physics are explained in a logical fashion. 
Although quantum physics appears illogical, from the 
every day point of view, the new aspects to this work 
return us to a position where, not only is knowing the 
laws of Nature made much more enjoyable, but we can 
understand them. 
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Overall, this work brings an understanding of 
the beauty and symmetry of the Universe and the 
unified nature and the aesthetic elegance of its design. 
 
 
Andrew Worsley, May 2005 
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Chapter 1 

 
Introduction 

 
I have been judged vehemently suspected of heresy, that is, of 
having held and believed that the sun is the centre of the 
universe and immovable, and that the earth is not the centre 
of the same, and that it does move. 
 
Galileo Galilei (1633)  
 
 
The subject of this present book is the history and 
explanation of modern physics and the introduction of 
a unified description of the Universe, which has truth, 
beauty † and symmetry. 

Every so often science moves by large leaps, 
sometimes spurred by the realization that the 
commonly held beliefs of the day need revising.  One 
such revolution was in the time of Galileo, at the end of 
the Renaissance.  Another great change occurred at the 
turn of the twentieth century, when there was a 
revolution in modern scientific thinking. Yet another 
far greater turning point is about to occur. 

Historically, the dawning of the modern era in 
science was initiated by Max Planck, in the early days 
of the twentieth century, by the fascinating discovery 
of a least energy quantity or quantum. This minimum 
energy unit was thenceforth called Planck’s constant, 

                                                           
† Truth and beauty were the original names given to the two 
heaviest quarks. 
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and its discovery gave birth to an entirely new field of 
physics, known today as quantum physics. 

Ironically, all this happened when scientists of 
the time had decided that all that could be known was 
known, apart from a few trivial details. This could not 
have been further from the truth.  

The second irony of that discovery was that 
Planck was firmly embedded in old-fashioned 
Newtonian physics and initially had no idea how 
absolutely important his discovery of quantum physics 
was. 

The third and most pertinent irony was that, 
had Planck at that time known and understood more 
about Einstein’s later work on energy equivalence, 
almost the entirety of physics could have been 
ascertained by now.  In actual fact, the knowledge we 
have today is small compared to the much broader and 
more elegant picture, which waits around the corner. 

Today we hear of scientists saying again that 
they have discovered all that can be known apart from 
a few details. However, more recently there have been 
a few big surprises, particularly in Cosmology. It is 
now estimated to be some 13.7 billion years after the 
Big Bang, when the Universe exploded into being. 
Scientists had, by now, expected the expansion of the 
Universe, to be gradually slowing down. Somewhat 
intriguingly, the Universe is not only still expanding 
but is now doing so at an increasing rate. 

This points us to new discoveries, which leads 
us to a new and beautifully unified approach to 
physics. In standard unified field theories, the ultimate 
aim is to unite the three known fundamental forces of 
nature. The first and strongest is the strong nuclear 
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force, which effectively holds a nucleus of an atom 
together and gives nature that wonderful diversity of 
structure, which results from the production of 
differing atoms. The second is the electro-weak force, 
which gives us the electromagnetic spectrum; the most 
familiar example of this would be light. Such light 
gives us all the magnificent colours of the rainbow. The 
third is the gravitational force, which enables the 
formation of such exquisitely magnificent structures as 
the solar system and our own Milky Way galaxy, 
which rotates gracefully on its axis every 200 million 
years. 

In this work we go far farther than merely 
unifying the forces of nature, but we also unify these 
forces with matter and space and time, so that the 
Universe becomes harmonious and beautiful. There is a 
subtle relationship between fundamental forces of 
nature and the elementary particles and space-time 
together. There are three forces of nature; these three 
forces in turn influence three types of particle or 
substance. Each of the particles is composed of 
multiples of the electric charge of 1/3, and the particles 
themselves are in three generations. All this is present 
in the three dimensions of real space. It is important 
that a truly comprehensive view of nature explains this 
threefold symmetry. 

This points the way to a new scientific 
paradigm, and indeed we find that the answer to the 
mystery lies in what was discovered in the time of 
Planck. Not only does the answer to this mystery solve 
the problem of the expanding Universe and 
corroborate what is already know about quantum 
physics and the forces of nature, but it also leads us to 
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a new unified, all-embracing and elegant description of 
the Universe.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Sombrero Galaxy: in the centre of each galaxy lies a super-
massive black hole, which is its gravitational dynamo. The glow 
comes from the trillions of stars, like our sun, which surround it in 
the galactic disc. Surrounding that is a belt of dark matter. 
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Chapter 2 
 

Enormous Energy from Matter 
 
Hitherto man had to live with the idea of death as an 
individual; from now on mankind will have to live with the 
idea of its death as a species. 
 
Arthur Koestler 
 
 The important year was 1905, when Einstein 
wrote a number of seminal pieces of work. Perhaps the 
most well known was a paper on an equation for the 
equivalence of energy and matter, specifically E= mc2. 
It was a very brief paper (only three pages long), and 
yet it has been the most often quoted and famous 
science equation of our times. Its impact was to have a 
huge effect on world history. 

Originally in the 1905 paper, with the rather 
banal title: Does the Inertia of a Body Depend on its 
Energy-Content? Einstein wrote8 : 
 
“If a body gives off energy L in the form of radiation its mass 
diminishes by L/c2.” 
 
At that time, the term L was used for energy (probably 
from the German term lebendige Kraft, literally meaning 
“living” energy). The popular form of the equation, 
with the term “E” for energy did not emerge until 1912.  
Even then its full meaning was far from recognised. 
 Nor did Einstein’s E= mc2 make any obvious 
sense, where on Earth does it come from? Surely, there 
must be a more fundamental formula. Indeed, there is 
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a more fundamental logical and beautiful energy 
equivalence formula, which we will elaborate in the 
next chapters. Suffice it to say that one should continue 
to question ones knowledge at the most fundamental 
levels, in order to gain new knowledge. 

Not only was the true meaning of Einstein’s 
formula not realised at the time, but the significance of 
the formula in terms of the potential for energy 
production was also not realised.  It was not until 1939, 
when Einstein wrote to President Roosevelt, that the 
full theoretical potential of the energy equation E = mc2 
was beginning to be recognised. In his letter to 
Roosevelt, Einstein wrote: 
 
“At stake, however, is more than abstract energy production. 
This new phenomenon would also lead to the construction of 
bombs, and it is conceivable…that extremely powerful bombs 
of a new type may thus be constructed.” 
 
Einstein’s letter followed a practical breakthrough in 
atomic physics in 1939. It was then discovered that, 
provided you had sufficient Uranium, it was 
technically feasible to produce a very rapid radioactive 
chain reaction. It was then realised that a vast quantity 
of energy could be released from this process. 
 The only technical difficulty lay in the fact that 
one would require a critical mass for this chain reaction 
to be sustained. That critical mass in the case of 
ordinary Uranium was completely unwieldy – a ton 
(1,000 kg) of ordinary Uranium would be required. But 
there was a scientific trick to obviate this problem. The 
actual trick was to enrich the more reactive form of 
Uranium, then only about 20-25kg of this highly 
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enriched Uranium would be required to sustain a chain 
reaction. In truth, the enrichment of this Uranium was 
technically and scientifically very difficult. 

What was historically very fortunate was that in 
WWII, the Nazi Germans did not appear to realise this 
trick. The construction of a Nazi atom bomb would 
have otherwise been utterly devastating for entire the 
world. Indeed, there was a second breakthrough in 
atomic physics in 1941, which was even more 
dangerous. It was discovered that Plutonium could be 
used to make a nuclear bomb, and in this case, you 
only needed about 6kg of it. All you needed to do was 
construct a special nuclear reactor to produce the 
Plutonium, purify it, and then you could make an A-
bomb. 
 It was ironic, and yet very fortunate for the 
entire world at that time, that a significant number of 
pre-eminent physicists in Europe were actually Jewish 
– and the lucky ones had fled Germany or Europe to go 
to the US or elsewhere. One such physicist was a 
Danish physicist called Niels Bohr. Historically, we 
know that in 1941, when Nazi Germany was at the 
height of its power, Bohr was visited in Copenhagen by 
his protégé and good friend, Werner Heisenberg. What 
we do not know, is what actually happened during 
that meeting. But allegedly, Heisenberg made Bohr an 
offer to build a Nazi nuclear bomb. We do know that, 
after a relatively short stay, Bohr announced that 
Heisenberg was leaving. Fortunately, it appears that 
Niel’s Bohr had refused to build the Nazi nuclear 
bomb. In fairness to Heisenberg, he did report later to 
Hitler that it would be very difficult to build a nuclear 
bomb; as a result of that, an attempt to build a Nazi 
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atomic bomb was dropped. As for Niels Bohr, he fled 
Copenhagen in 1941 to the US, just in the nick of time. 

Similarly, Albert Einstein, the originator of the 
formula E=mc2, had the foresight to flee Germany in 
1933. Even at that time, however, he had not realised 
the actual power of his own equation. It was not until 
1939, when Einstein wrote to President Roosevelt in an 
effort to beat Nazi Germany to the possibility of this 
new devastating technology, that its meaning became 
more widely apparent. 

Indeed, the full meaning of the equation in 
terms of energy equivalence did not become clear until 
1945, after the nuclear age began. When the first atomic 
bomb test was exploded, it was then clear that the 
technology was awesome. So much so, that it caused J. 
Robert Oppenheimer, who witnessed the test, to recall 
the words from the ancient Hindu script, Baghavad Gita: 
 
“Now I am become death, the destroyer of worlds” 
 
On august the 6th 1945, a B29 bomber called Enola Gay, 
dropped Little Boy on the city of Hiroshima. From that 
moment on it was clear that the world would no longer 
be the same. 

What had perhaps caused it to change most was 
that little equation, E = mc2. The equation looks 
straightforward – energy is equivalent to mass times 
the speed of light, squared. The equation meant that if 
a mass of m kilograms is lost in splitting an atom, such 
as a Uranium atom, and the resultant parts weigh less 
than the original, the difference in the mass is 
converted into energy. This enables the potential 
release of vast quantities of energy.  
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This results from the magnitude of the term for 
the speed of light. The speed of light itself is 3 x 108 
meters per second, equivalent to 186,000 miles per 
second.  So, if you square the speed of light in meters 
per second, you get an enormous number of 9 x 1016 
(90,000,000,000,000,000). So for every kilogram of 
matter that is converted to energy, you get an 
enormous yield of energy of 9 x 1016 Joules, about 
equivalent to 20 megatons (20 million tons of TNT). For 
comparison, the bomb dropped on Hiroshima in 1945 
was equivalent to 13 kilotons (13 thousand tons of 
TNT), more than a thousand times smaller, and 
equivalent to the total conversion to energy of less than 
1 gram of matter. 

Beyond its dire historical implications, the 
equation, nevertheless, hides a potentially deeper 
meaning. If we were, for once, to escape our own 
humanity and look at the more elegant side of our 
knowledge, we might yet progress our wisdom. Yes, 
we can calculate exactly what the equation means in 
terms of mass and destructive energy release, of 
course. But the question is: if we can produce so much 
energy from such little matter, why are we not doing so 
for peaceful and clean energy production? Indeed, the 
technology is on our doorstep, in the form of fusion 
power – the energy of the sun. But for the cost of a few 
tens of billions of dollars and the political will, 
humanity could have already developed this 
technology. The fact is that we have now reached an 
environmental “tipping point,” and if we do not act 
shortly we will have reached a point of no return and a 
runaway greenhouse gas effect may occur. That the 
potential for the production of clean energy is on our 
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doorstep and we have failed to seize it is yet one more 
irony in the history of human science – but it need not 
be so. 

Underlying the energy equation E = mc2 is a far 
deeper understanding of its significance, which will 
increase our knowledge tremendously. Ironically, had 
a scientist named Max Planck known Einstein’s energy 
equivalence formula when he discovered his constant 
previously in 1900, he may well have arrived at a point 
where he could readily unify quantum physics and 
relativity.  

It may be fortunate that this unification has not 
happened until now, but a yet more fundamental and 
beautiful understanding of the equation for energy 
exists and will be explained here. This has the potential 
to springboard our knowledge to the next level and 
perchance, with the development of new peaceful 
technology, will enable us to use that knowledge with 
prudence and wisdom. 
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Chapter 3  

 
The Beginning of the Beginning 

 
All these fifty years of conscious brooding have brought me 
no nearer to the answer to the question “What are light 
quanta”? Nowadays every Tom, Dick and Harry thinks he 
knows it, but he is mistaken. 
 
Albert Einstein (1951) 
 

It actually all began five years earlier in 1900, at 
a time when scientists had proudly announced, at the 
end of the nineteenth century, that all of physics had 
been discovered and that there were just a few details 
to tidy up. True, they had at that time made what must 
have seemed great advances; they had tamed the new 
energy form, electricity, to produce light. Also they had 
mastered most of mechanical engineering. But they 
could not know what they did not know — and what 
they did not know was enormous.  

Around the corner lay a vast new discipline of 
modern Physics.  What they had not discovered was 
far, far greater than what they had already discovered. 
In fact they had discovered very little technology —
mostly because they had not mastered the principles of 
physics.  

What was to be the beginning of the beginning 
of modern physics happened remarkably quickly! It 
was made by Max Planck, the then Dean of German 
Physicists working in Berlin.  It happened on the 7th of 
October, 1900. What he discovered that evening was to 
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