CHAPTER 1

Introduction
As far as the laws of mathematics refer to reality, they are not
certain; and as far as they are certain, they do not refer to reality.
—Albert Einstein1

T

HE TURN of the 20th century was a time of great upheaval in
the world of physics.
The study of electromagnetism had only just been completed
resulting in the formulation of highly robust formulas for explaining
the electromagnetic world. Indeed, the seemingly distinct electric and
magnetic fields were finally unified into what physicists would call the
“electromagnetic field” thanks to the brilliant work of James Clerk
Maxwell (1831–1879). The result of all this important work was the
most complete and successful body of knowledge about
electromagnetism ever devised in the world of physics—so complete2,
in fact, that many physicists would later describe it as a law rather than a
theory.
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Not so for other areas of physics, which had not quite reached their
fundamental forms.
Among the most important areas needing closer attention by the
scientists were new ideas about the structure of the atom; questions
about why the speed of light as it propagated through the so-called
ether did not vary with respect to the motion of the Earth; and, of
course, the great mystery of gravity and universal gravitation, which still
beckoned for an answer.
Yet all this was nothing compared to the new physics that was about
to emerge. And it would disturb the greatest theoretical physicist of the
20th century, Dr Albert Einstein (1879–1955).
It all began in 1905 when Einstein performed an experiment on the
photoelectric phenomenon. In this experiment, he noticed tiny
negatively-charged atomic particles called electrons being ejected from
the surface of a metal plate by something in the light above a certain
frequency3. One would have to say that this “something” was behaving
like particles, albeit invisible.
Only problem was, physicists thought they had put the final nail in
the coffin for the “particle-like” theory of light first postulated by Sir
Isaac Newton in the sixteenth century and were already opening the
champagne bottle to celebrate the “wave-like” theory of light thanks to
the work of Thomas Young and others until Einstein came along to
spoil the party. Now Einstein was not so sure whether physicists should
in fact ignore the particle-like theory thanks to his discovery in the
photoelectric phenomenon.
Determine to find out what these particles embedded in the light
were, Einstein eventually came around to his idea that light travels
through space in packets of compressed electromagnetic energy called
quanta. Each packet of energy is distributed over a certain volume of
space. Never is the energy confined to an infinitely sharp point. To
even vaguely achieve an infinitely sharp point, the frequency of light
would have to be infinite. But, of course, Einstein knew this to be
impossible. At any rate, this packet of energy somehow exerts a force
on the electrons depending on the density of the energy (which is
controlled by frequency) such that light behaves like a stream of
particles.
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Albert Einstein (1879–1955), Princeton, New Jersey, in 1947.
Photograph by Oren Jack Turner courtesy of the U.S. Library of Congress
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Today, physicists feel quite at home in naming this particle-like effect
of the light quanta by a more fancy name—a photon, for lack of a better
word.
Despite suggesting this rather reasonable explanation in the face of
the evidence (even if the name of this particle-like effect of the light
quanta sounds more like it came out of a science fiction episode of
Star Trek with no means of helping scientists to get closer to the truth
of what this is), Einstein was not entirely satisfied. As he would
discover in another experiment, the same force exerted by light also
influences uncharged matter. Now the mystery had really deepened for
Einstein. Unfortunately, Einstein did not have the time to pursue the
issue to its logical conclusion for at least another ten years due to his
fervent preoccupation with finding work to support a new family and
later with solving the problem of gravity and universal gravitation. In
the meantime, other physicists simply learned to accept Einstein’s
explanation and acknowledged the paradoxical nature of light and
thought that was the end of all work on the electromagnetic
phenomenon.
Does this mean the scientists can finally celebrate now?
Not so fast, my dear Watson.
Just when things were starting to settle down, suddenly the atomic
world started to make waves among some physicists with the revelation
of just how incredibly lightweight a typical atomic particle really is. If
you tried to observe, say, an electron using high-frequency light energy,
you will discover how the electron would be disturbed enough by the
light to make it impossible to determine precisely where the electron
went. Sure, you might have some idea of the initial speed of the
electron at the precise moment of collision with the light and a good
idea of its initial position since the volume of the light energy is small
and creates a certain amount of force, which you can calculate. But
what happens afterward is anyone’s guess. Likewise, using a lower
frequency light energy might disturb the electron the least.
Unfortunately, the energy is distributed over a larger volume, making it
virtually impossible for physicists to measure the electron’s exact initial
position.
As a consequence of this latest discovery, a band of renegade
“young gun” physicists headed by Dr Werner Heisenberg (1901–1976)
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and his colleague Dr Erwin Schrödinger (1887–1961), together with
important contributions from Paul Dirac (1902–1984), thought the
time was ripe in the early 1920s to create a new physics known as
quantum mechanics.
Underpinning the foundations of quantum mechanics is the
Heisenberg uncertainty principle. In the exact words of Heisenberg, he
stated:
“Die Unschärferelation: Je genauer wir den den Ort eines
Teilchens kennen, desto weniger kennen wir seinen Impuls.
Umgekehrt: Je mehr wir uber den Impuls kennen, desto
weniger wissen wir über seinen Ort.”4
Or for the
Heisenberg said:

more

German-language-challenged

among

us,

“The more precisely the position is determined, the less
precisely the momentum is known in this instant, and vice
versa.”5
The consequence of the new physics is that no one can see what is
happening to these pesky quantum particles. Forget the idea of drawing
infinitely thin lines in space to describe the paths of every single
quantum particle using the old and trusted equations of classical
Newtonian science (including electromagnetism) and then observing
these paths to confirm the mathematical results. Being so heavily reliant
on the eyes to do all the observing (and mathematics to get the precise
paths), these physicists realised that it is just not practical to do this
anymore, so why bother to understand the precise mechanism of what
is going on in the universe of these tiny particles? Just apply the new
mathematical equation developed by Schrödinger for the quantum
world to describe the probability of where one or more particles are
likely to be positioned and its speed, and that is about the most anyone
can do. There is no need to bust your brains in determining precisely
what an individual particle is actually doing in the real world. Indeed, if
there is anything bizarre scientists discover about the quantum world
through the mathematics of quantum mechanics, then we just have to
accept it.
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Now it seems these physicists were heralding quantum mechanics as
a major scientific achievement. In fact, so confident were these new
breed of ambitious young physicists in their new science that they
thought it was time to celebrate as if all scientific discovery had come
to an end at least for this area of physics, except Einstein was again not
joining the party.
Einstein saw a problem with the new physics. He observed how the
new physics refused to delve further into the problem of why light
moves uncharged matter. In fact, it would not even bother explaining
the behaviour of individual particles. Instead, physicists took the stance
that if they cannot see what is happening, why bother explaining the
behaviour of any individual particle? You might as well accept whatever
mathematical solutions are derived from quantum mechanics and be
done with it.
Einstein disagreed.
At the heart of the problem for Einstein was the manner in which
these other physicists decided, as they still do to this day, to treat these
particles like dice in a giant probability machine. And if we set up
experiments to see what the particles would do next, they seem to
know where to be positioned in space in a way that we do not expect
under Newtonian physics. A classic example would have to be the
modified Thomas Young experiment where two slits on a partition are
opened to permit the passage of particles through them. However,
instead of landing on a screen in front of the slits as two bright bands
corresponding to the number of slits opened as physicists would expect
if they were solid objects following Newtonian physics, the particles
somehow knows how to land in multiple bands right across the screen
not unlike the way the waves of light passing through the slits
constructively interfere to create the same bright bands. Does this mean
every particle has a mind of its own and know how to behave in a
wave-like manner when certain conditions are set up by the physicists?
Either that, or a mysterious God must somehow exist to influence the
particles to behave in the way they do. Well, how else can we explain it?
However, given the way quantum mechanics has been set up and
formulated, we are forever forced to accept the bizarre results of the
quantum world without ever explaining the reason why the particles
behave the way they do (and hence find a simple “cause-and-effect”
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relation as Einstein believe it should). Therefore, people like Einstein
who want to find an explanation would be forced to consider exotic
explanations, including the possibility that God may exist, particles are
alive and can decide what to do, or there are new exotic particles
influencing the results. Because the laws of probability as governed by
Schrödinger’s equation are not concerned with the path taken by a
single atomic particle but rather give probabilities of how it is likely to
behave and where it is likely to be positioned in space, the laws of
Newtonian physics could never be applied to the mysterious quantum
world to calculate the precise path of any atomic particle and with it
give scientists the chance to perhaps uncover the likely classical
explanation for why certain quantum effects have been observed or
predicted.
Einstein disagreed with the implications. There had to be a logical
explanation.
To prove he was right, Einstein decided he would solve the problem
by developing another new physics. He would call it the Unified Field
Theory. And it was here where he could tackle the ultimate physics issue
on his mind: how light can move uncharged matter and eventually
explain what is really going on in the quantum world.
Einstein would spend many years and probably many sleepless
nights on the new theory.
Finally, in 1929, Einstein published a completed 8-page paper titled
“Zur einheitlichen Feldtheorie”6 (“The Unified Field Theory”) in a
Prussian scientific journal7.
On closer inspection, we can see that the aim of the paper was
relatively straightforward: Einstein wanted to marry the electromagnetic
and gravitational fields into a single unified field and to see whether it
could be used to explain all phenomena in the Universe8 including the
quantum world using simple “cause-and-effect” relations in a purely
Newtonian sense.
As Einstein explained in his German-language book Mein Weltbild
(with the quote republished in English in his book Essays in Science in
1934):
“It would of course be a great step forward if we succeeded
in combining the gravitational field and the electromagnetic
field into a single structure. Only so could the era in
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theoretical physics inaugurated by Faraday and Clerk Maxwell
be brought to a satisfactory close.”9
Or to put it simply, Einstein’s scientific love affair with the laws of
electromagnetism shows how the Unified Field Theory was really a
bold attempt to create a unifying theory, just as Maxwell did for the
electric and magnetic fields, except that here Einstein was
extraordinarily ambitious. His dream was nothing less than to unify
physics by combining the electromagnetic and gravitational fields to
form a kind of electrogravitational field. This was a truly stupendous
effort in anyone’s language.
After all these years since the paper was written and published, a
great question mark still hangs over his work: Did Einstein succeed in
his attempt? Did Einstein somehow see the light at the end of the
tunnel, so to speak? Well, if he did, other scientists were not privy to
the answer.
Whatever Einstein discovered, it was enough for him to stick by his
final scientific masterpiece throughout the rest of his life. Indeed, on
the night of his death in 1955, Einstein called his secretary to bring in
his most recent calculations concerning the Unified Field Theory as if
still clinging on to his great dream. If anyone knew whether he was
successful, it would have been Einstein himself.
Perhaps Einstein was still grappling with the complexity of the
mathematics in his final theory and wasn’t getting anywhere? Or maybe
he was indicating to the world, from his deathbed, that he was on the
right track but felt the world was not ready to understand what he had
discovered?
History suggests the latter situation. There is something Einstein
had seen, and he was prepared to spend the rest of his life working on
his final theory. As for any secrets he found in his work, he decided not
to tell a soul.
Whatever those secrets were that made him quietly confident, the
question we must ask is, was he successful in his attempt to unify
physics?
To the mathematicians, there is no question: they all agree that the
theory is a work of sheer genius.
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The unified field equations are presented here in shorthand vector form to make them look less
daunting for mathematicians. The gravitational field is mathematically represented on the left side
of the bottom equation (some mathematicians further simplify this to the vector term G!,v), and
the electromagnetic field by the vector term T!,v shown on the right side of equation (32).

But to the uninitiated, and to the physicists whose job it is to relate
mathematics to reality through experimentation, the Unified Field
Theory appears to be a mathematical monstrosity of epic proportions
bearing little or no relation to reality (or so we are led to believe). This
may explain why the Encyclopaedia Britannica stated about the Unified
Field Theory:
“...Einstein and others attempted to construct a unified field
theory in which electromagnetism and gravity would emerge
as different aspects of a single fundamental field. They failed,
and to this day gravity remains beyond attempts at a unified
field theory.”
In the meantime, physicists feel incredibly certain that quantum
electrodynamics (QED) is the key to creating a Theory of Everything.
For example, in 1971, U.S. physicists Steven Weinberg and Sheldon
Glashow and Pakistani physicist Abdus Salam successfully combined
the weak nuclear force governing the decay process of a neutron to a
proton in the atomic nuclei and the electromagnetic force into a single
field theory known as the Electroweak Theory with the help of QED.
Now, the physicists are working to combine the strong nuclear force
with the electroweak force to create a grander unified field known as,
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quite logically enough, the Grand Unified Theory. Later, with the help
of the Superstring Theory, gravity may one day be incorporated into
this Grand Unified Theory to construct what is known as the Theory
of Everything.
Or to put it mildly, the general consensus among the physicists was,
and remains, that Einstein failed in his ambitious quest from the
approach he took.
Is this true?
Now, for the first time, this book will present the thought
experiments that made Einstein so certain he had to develop his
Unified Field Theory. And from these important thought experiments
together with an analysis of the general structure of the unified field
equations, the simple interpretation that Einstein had uncovered. For
those readers keen to know what it is, the interpretation can be
summed up in one remarkable sentence:
Light is ordinary matter.
To the physicist, this may seem like an absurdly simple statement.
When faced with the overwhelming complexity of the unified field
equations, surely there must be more to this interpretation? But there is
nothing more complex than this. More importantly, this is not exactly a
new concept thanks to Einstein’s more familiar work that was done to
reveal the equivalence of energy and matter through his famous
equation E=mc2. But what the physicists have not yet realised is that
this seemingly modest and uninspiring interpretation masks a myriad of
important scientific implications. And deeper down, this interpretation
is meant to be a wake-up call to scientists to simplify physics and start
using their imaginations. For now, and especially for those still
grappling with the implications of this interpretation, let us just say that
with this interpretation, Einstein was able to tell us through his Unified
Field Theory that:
1. Light obeys all the classical laws of physics;
2. Light is gravity and gravity is light (in fact, light is the unified
field); and
3. Light is the ubiquitous substance making up and permeating all
matter and space, and is the fundamental force of nature that
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moves and holds together all matter from the largest to the
smallest scale.
From this modest interpretation, Einstein believed he could achieve
the following:
1. To unify traditional Newtonian physics, relativity, and quantum
mechanics (and later nuclear physics) under the umbrella of
electromagnetism, making electromagnetism the fundamental
law of the Universe;
2. To apply the ideas of determinism to all of physics, including
the quantum world, no matter how difficult it is to observe on
the smallest scale; and
3. To determine whether the Universe came about as the result of
some preordained plan (thus proving that God exists) or as a
random event. As Einstein said: “I want to know how God
created this world....I want to know His thoughts; the rest are
details.”10
Speaking of God, it is little wonder that English theoretical physicist
and Director of Research at the Centre for Theoretical Cosmology
within the University of Cambridge, Professor Stephen William
Hawking famously said that any theory to unify all of physics would be
“the ultimate triumph of human reason—for then we should know the
mind of God”11.
Of course, this is not to say that Hawking believes or has given
unequivocal support for the idea in the existence of God as we can see
in the following quote from this brilliant English physicist:
“When people ask me if a god created the Universe, I tell
them that the question itself makes no sense. Time didn’t
exist before the big bang, so there is no time for god to make
the Universe in. It’s like asking directions to the edge of the
earth; The Earth is a sphere; it doesn’t have an edge; so
looking for it is a futile exercise. We are each free to believe
what we want, and it’s my view that the simplest explanation
is; there is no god. No one created our Universe, and no one
directs our fate. This leads me to a profound realization;
There is probably no heaven, and no afterlife either. We have
this one life to appreciate the grand design of the Universe,
and for that I am extremely grateful.”12
11

Rather, Hawking’s statement
about the “mind of God” merely
showed that he was being openminded on the issue in case
Einstein
should
discover
something to link God to his
work on the Unified Field Theory.
Similar words were also
echoed by Michio Katu, a
theoretical physicist at City
College, City University of New
York, when he said that anyone
Stephen Hawking
who succeeds with a Unified Field
Theory should be able to show “an equation an inch long that would
allow us to read the mind of God.”13
The only thing is, did Einstein see the “mind of God” through his
work? In other words, did the great man succeed in what he set out to
achieve?
There is only one way to find out, and that is to delve into Einstein’s
work. Nothing short of understanding what made him take on the
mother of all mathematical monstrosities, how the unified field
equations are structured and the basic way to interpret them, and what
was contained in those thought experiments that convinced Einstein to
pursue his ambitious goal. But to make sure we keep our heads above
the mathematical waters, we will keep the explanations as simple as
possible. Because the aim here is to ensure the ideas can be related to
reality.
We are not here to prove how clever we are with our mathematics,
but rather how smart we are in seeing the reality of Einstein’s work,
which is the ultimate aim of the physicist.
With this in mind, this book explains how far we have come in
creating a unifying theory for physics, thanks to Einstein’s final great
scientific masterpiece.
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CHAPTER 2

The Development of the
Unified Field Theory
It is a miracle that curiosity survives formal education.
The only thing that interferes with my learning is my education.
—Albert Einstein1

A

LBERT EINSTEIN was born in the town of Ulm, Germany,
on 14 March 1879 to Hermann Einstein (1847–1902) and
Pauline Koch (1858–1920). On 21 June 1880, Albert’s family
moved to Munich, where his father and uncle founded Elektrotechnische
Fabrik J. Einstein & Cie, a small shop selling manufactured electrical
equipment powered by direct current.
The family, including Albert’s bright young sister Maria “Maja”
Einstein (1881–1951), lived in a relatively modest house not far from
the shop.
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Albert Einstein at age 3 years.
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Albert—the curious boy
It did not take long before the family noticed something special in
Albert. By the age of three years, Albert was already displaying the
characteristic hallmarks of a great young scientist, in particular his
pronounced curiosity about his environment. Whether this was strongly
encouraged by his close knit and loving family or was a natural gift, it
seems that by around the age of four, the young lad was already
immensely wide-eyed and insatiable about the idea of exploring his
father’s shop.
As any young boy would know, a shop filled with interesting
electromagnetic and mechanical gadgets is like a visit to the home of
Father Christmas at the North Pole. Here was a veritable treasure trove
of what seemed to be an endless supply of gadgets to entertain and
capture the imagination of any young boy. An absolute bonanza of fun
for any young kid no doubt. It would have been an immensely exciting
place where any boy could grab the nearest “toy”, look at it, and see
what it does, and if curiosity got the better of him, he could break it
apart to see how it works. And should the appeal in the “toy” disappear,
he could perhaps throw it away and look for another to capture his
interest. Certainly the temptation to do the same was there for young
Einstein given his highly curious mind. However, his father had other
ideas.
Knowing how most boys of Albert’s age were tempted to tinker and
break things apart, Albert’s father was not entirely enthusiastic about
having the devices in his shop destroyed before they could be sold to
the public. At the same time, he may have wanted his son to take over
his shop one day—a natural aspiration. Before this could come about,
young Einstein needed to know something about how the devices
worked.
So his father played a special game with Albert. It would be a game
to see how well his son could figure out the inner workings of the
devices in the shop without looking inside them straight away. Albert
was the perfect candidate for this game thanks to his curiosity and
strong visualisation skills. It was clear right from the outset that Albert
wanted to know how things worked, and he was prepared to do it using
his mind. As Einstein himself put it:
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“From an early age I loved to look at machines, and
understand how they work.”
And he did exactly that. Instead of immediately looking inside and
tinkering with things, Albert sought to understand and visualise the
problem first and later confirm his thoughts by using his eyes to look
inside the various machines.
With practice, Albert became very good at this game of determining
how things worked. At the same time the young boy was starting to
develop a trust for the theory of how something worked rather than
the hands-on approach of getting inside and looking at things. He
would start with what he knew, and with his imagination he would
create a picture in his mind of how something achieved its seemingly
wondrous and extraordinary behaviour. Sometimes he asked his father
for a clue if he felt unsure. When Albert did figure out how a gadget
worked, he would be praised by his father and uncle and later by the
rest of the family.
Eventually, a point came in Albert’s life when his father was
impressed by his son’s ability to figure things out quickly on his own
without any clues. Then, one day, when five-year-old Albert was sick in
bed, his father gave him something to test his finely tuned abilities in
finding an explanation. That something turned out to be a magnetic
compass.
Curiosity and the compass
The spark that started Albert on a life-long career to become a great
theoretical physicist happened in 1884, all because of the compass his
father gave him.
As history would tell us, Albert was left alone in bed to ponder over
the strange instrument. He was thoroughly captivated by the compass.
This was something he had not seen before. At first, he thought it was
some kind of special clock with a long metal arm attached to a central
shaft. But as soon as he turned the wooden box and saw how the metal
pointer would swivel on the tip of a fine central pin, he noticed a
strange behaviour: the arm was determined to point in a particular
direction.
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Albert must have wondered what caused this piece of metal to move
in such a determined way. Perhaps a tiny motor was sitting inside the
box? Nope. When his father gave him permission to look inside, he
could see nothing. How could that be?
Now here lay a deep problem. Were there ghosts holding the needle
in place? Surely not. Einstein didn’t believe in ghosts. He knew there
had to be a logical and scientific explanation for this behaviour. As
Einstein recalled:
“I experienced a miracle when my father showed me a
compass. I trembled and grew cold. There had to be
something behind objects that lay deeply hidden.”
As he couldn’t figure out what was causing the needle to point in a
constant direction, he pestered his father one more time for an
explanation. But this time his father wasn’t too sure either. Despite the
laws of electromagnetism having been completed by a brilliant
mathematician named James Clerk Maxwell, his father was not into this
kind of advanced work. He was more interested in the practical aspects
of fixing and selling electrical devices. As far as the intricate details of
the theory of electromagnetism in terms of the presence of the
magnetic field surrounding the Earth and its influence on magnetised
metals such as iron were concerned, this was not his forté. At last,
Einstein had found something his father did not understand. Now
could he really impress his father this time by figuring out how this
compass worked?
From this moment, young Einstein knew exactly what he wanted to
do. He would embark on a quest to understand how the needle in his
compass moved in such a determined way, and to see where this work
would lead him.
Einstein’s great lifelong mentors
Einstein’s persistent boyhood interest in electricity and magnetism
eventually led him to study the work of two great British scientists. It
was Michael Faraday (1791–1867) who had masterfully carried out
many of the important practical experiments in electricity and
magnetism2. But young Einstein was more fascinated by the actual
theories of electricity and magnetism, which helped to explain the
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James Clerk Maxwell
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results of those experiments. This was James Clerk Maxwell’s
unquestionable expertise. So when Maxwell completed the theory of
electromagnetism in 1864 in terms of four elegant mathematical
equations (see appendix B for more details),
2D
d # H = J + 2t

2B
d # E = - 2t

d.D = ρ
d.B = 0

(Ampere ’s Law)
(Faraday’s Law)

(Gauss’ Law for Electric Field)

(Gauss’ Law for Magnetic Field / Non-existence of monopole)

young Einstein immersed himself in Maxwell’s work3.

Michael Faraday.
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From this work, Einstein quickly realised that the compass behaved
as it did because the Earth generated a magnetic field and was
influencing the magnetised iron arm to point in a particular direction.
Einstein didn’t stop there. Further detailed reading into Maxwell’s
work also revealed another amazing fact: how fast the mysterious
electromagnetic field in Maxwell’s equations can travel. It can move at
phenomenal speeds. Today we understand the speed to be 300,000
km/s. Back then, this seemed so fast that the average person on the
street could not begin to imagine it (and neither could many scientists
at the time).
Not so for Einstein. The young boy with so much curiosity had the
power to visualise and imagine, so much so that he began picturing in
his fertile young mind what it would be like to travel on the crest of a
light wave.
The Special Theory of Relativity comes of age
After many years of persistent and vigilant research as well as careful
use of his imagination to create what we now call “thought
experiments” on the problem of high-speed physics, Einstein worked
out a brilliant and revolutionary new theory to explain what happens
when travelling at nearly the speed of light. This theory was
revolutionary because it broke the traditional concepts of time, length
and mass for a moving object.
Before Einstein tackled the problem, many scientists thought that:
1. The length along the direction of motion for a moving object
was the same at all speeds;
2. The mass of a moving object was thought to be constant and
could be made to travel at infinite speeds; and
3. Time was totally independent of the motion of the mass and
flowed on uniformly.
In slightly more mathematical language4, this would be equivalent to
saying,
t1 = to
m1 = mo
L1 = Lo
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