
Physics Essay: 

Fundamentals of the Universe 
The universe is a fascinating place as it turns out, much more so than 
you might have imagined. We are all familiar with that which we 
know: the macro stuff. Stuff we can see and touch and other more dis-
tant objects we can only gaze at. We may also have a passing familiarity 
with that which we cannot see, such as microbes, molecules, atoms and 
their constituent protons, neutrons, and electrons. If you have really 
been paying attention you will know that protons and neutrons can be 
further broken down into the fundamental of fundamentals (as far as 
we know), the quark. This latter particle comes in six flavors known by 
the charming names of up, down, top, bottom, strange, and charm. Of 
these six flavors only the first two are reliable enough to build anything 
and they, in differing combinations, form protons and neutrons and so 
on up the ladder to you and me, all of which is aided and abetted by the 
weak and strong nuclear forces along with electromagnetism. 

You and I evolved and developed our sense of perception based on the 
macro world. In order to survive and prosper we did not need to worry 
about what was going on in the sub-atomic world. Hence we are rea-
sonably good at perceiving our immediate world, and based on that 
sense of perception we can begin to imagine what it is like on a micro 
level. We can see and understand how microbial bacterium can move 
around and we can appreciate things at that level to the point where we 
can build small machines at the molecular level through the emerging 
science of nanotechnology. However, when we get down to the atomic 
level, our perceptual abilities to imagine the abstract based on our evo-
lutionary experience in the macro world fail to do the job. 

Let us begin with a look at the electron. These negatively charged parti-
cles (which can also be described using energy distribution probability 
functions having wave-like parameters) are whirling around the nuclei 
or cores of various atoms in strictly regimented levels of activity. When 
stable, there are as many electrons as there are the positively charged 
protons in an atom. Now the interesting thing about electrons is that we 
can find out two things about them, but we cannot know both things at 
the same time. If we know their 
velocity, we cannot determine 
their position, and if we know 
their position, we cannot at the 
same time know their velocity. In fact, even the position can never be 
certain. The best we can do is offer a probability that it will be here or 
there. That is like saying that if a letter is mailed it can’t be read or if the 
letter is read it was never mailed. The technical term that physicists use 
is the Heisenberg uncertainty principle. 

To further confound matters, an accomplished chap by the name of Nils 
Bohr pointed out that electrons could be one of two things, either a 
photon, which has a degree of mass, or a wave, which is without mass. 
However, it could not at once be both a photon and a wave. So an elec-
tron cannot walk and chew gum at the same time, but it can do either 
perfectly well. 

While on the subject of the perplexing electrons, there is a real juicy 
head scratcher known as the EPR effect. Let us say that an atom gets 
excited to the point where it casts off two electrons in the guise of pho-
tons or particles of light. They can be going in the same direction or in 
opposite directions, the EPR effect is the same. Both of these particles 
can acquire certain characteristics, one of which is polarization. The 
polarization of either photon is indeterminate, that is to say, neither has 
established itself as polarization +1 or -1. However, if one observes one 
of the photons and through the act of that observation finds that the 
photon being observed has acquired a +1 polarization, the other pho-
ton, whether it has traveled on a parallel course or has traveled in an 
opposite direction to the other side of the universe, will acquire the 
opposite polarization of -1. The information that the observed photon 

has acquired a +1 polarization is instantaneously transmitted to its part-
ner, wherever it is in the universe, and the partner then takes on the 
opposite polarization. The conundrum here is that according to Ein-
stein’s own theory of relativity nothing can travel faster than the speed 
of light, including information. Therefore things cannot happen instan-
taneously as the information that would allow simultaneity cannot 
move faster than the speed of light. And yet this is exactly what hap-
pens with the EPR effect. The speed of information transmission, to be 
instantaneous, would need to be infinite, something not specifically 
allowed for by any theory of which the author is aware. We should also 
note that light may not be the constant we thought it was. It may in fact 
have been slowing down ever so slightly over the past few billion years. 

Let us move on to a further conundrum known as the quantum super-
position principle. Earlier we noted that you could measure the velocity 
of an electron but not its position and vice versa. Well, the effect of the 
superposition principle goes further to say that you can only really 
know the probability that an electron can be here or there. You can add 
up all of these probabilities and thus account for all its positions, but at 
any given point in time you will be dealing with a probability, and not 
absolute assurance, that an electron is in a particular position. This un-
derlies a basic enigma of the subatomic universe. The enigma we are 
dealing with is that the probabilities and the certainties of our own 
corporeal world have little to do with the surreal reality of the sub-
atomic underworld of our existence. 

Let us move one step further to something that may not exist except in 
theory and that is the fabric of the universe. Later, we will find that the 
nothing we think of as the vacuum of space is, in fact, something. This 
something which is nothing or almost nothing is that which pervades 
all of space. 

Einstein touched on it in his theory of relativity with particular refer-
ence to gravity. Some years ago Newton suggested that, in the absence 
of an outside force, a moving object would continue on its course in a 
straight line. Einstein refined Newton’s law by noting that a moving 
object, while in the presence of a gravitating body such as Earth, would 
continue on its “natural” course rather than a straight line. So what is 
the difference? To understand what the natural course is we need to 

introduce the concept of curved space. He 
replaced our traditional view of gravity with 
the notion that it is space that is curved by 
gravitational force and that an object is fol-

lowing curved space as its natural course and not being acted upon by 
gravity per se. Conceptually we can think of a railway locomotive going 
down a straight track. In due course the track will gently curve and, as 
it does so, the locomotive will follow the gentle curve rather than go in 
a straight line. In terms of Einstein’s view of motion an object is travel-
ing in a straight line in space as the locomotive was traveling in a 
straight line on the track. When an object comes near a gravitational 
force such as Earth, space itself actually curves and the object follows 
the curved space in much the same way as the locomotive eases 
through the curve of the track on which it is hurtling. Gravitating bod-
ies actually bend the continuum of space rather than attract other bod-
ies to it. A satellite orbiting Earth is doing so not so much due to its 
attraction to Earth; rather, it is following its natural course which is the 
continuum of space curved under the influence of Earth’s gravitational 
field. This continuum is an even more fundamental aspect of the uni-
verse than those we have broached so far. Next, let us discuss on the 
question, “Is Nothing Something?” to explore that which is the root of it 
all. 

Is Nothing Something? 
Most societies, including our own, have posited explanations about the 
beginning of history or existence. There appears a common theme that 
initially there was nothing, or a void, and from that void something was 
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created. “And the earth was without form, and void; and darkness was 
upon the face of the deep” comes to mind in the Judeo/Christian con-
text. Alternatively we can look at the Hindu perspective as outlined in 
the Rig Veda creation hymn which asks: 

There was neither non-existence nor existence then.  

There was neither the realm of space nor the sky which is beyond.  

What stirred?  

Where? 

The question of something from nothing, or the very possibility of noth-
ing, has bedeviled philosophers and scientists and theologians and 
ordinary folk for time immemorial as the foregoing passages suggest. 
Naturally the Greeks, being at the beginning of recorded questioning 
analysis and argumentation, were among the first to ponder the ques-
tion of No-thing and the eventual emergence of something. Among 
those addressing this subject was Thales around 600 BC who formed 
the view that No-thing cannot create something. Indeed, the very act of 
thinking about No-thing makes it something. Through the acrobatics of 
logic, Thales arrives at the conclusion that there cannot simply be No-
thing. Something, i.e., you and me and the universe, cannot have come 
from No-thing. His view, which has largely held sway over the millen-
nia, was that there must be some ubiquitous “je ne sais quoi” or ur-
matter pervading all that there is. We won’t digress into what it is that 
“is” yet. Speculation as to what this sub-
stance may be has varied over time, from 
water, as Thales suggested, to fire, Heracli-
tus insisted, to air, as Anaximenes argued, to the four elements of air, 
water, fire, and earth as Empedocles posited. Empedocles spiced up his 
view of the primeval with the notion of the action of forces which he 
suggested were love and discord, precursors to attraction/repulsion, 
negative/positive and so on. Empedocles went further by noting that 
even in empty space there is something, something which he called 
ether. Thus the void of space is filled with ether. There could actually be 
no void per se. Aristotle agreed, noting in the end that nature abhors a 
void. There can be no No-thing. This became self-evident and the view 
survived without much objection for 2,000 or so years. 

In the middle ages this view was challenged when technology ad-
vanced enough to allow the creation of a vacuum, which was done by 
Torricelli, one of Galileo’s students, in 1643. It was later demonstrated 
in dramatic fashion by the Mayor of Magdeburg, Otto von Guericke, 
who lined up two teams of horses to try and pull apart the two halves 
of a metal sphere which were being held to each other solely by a vac-
uum he had created inside with the use of suction pumps. This public 
display not only confirmed that a vacuum could exist, but also how 
powerful it was in that the spheres could not be pulled apart. And so it 
was thought that Aristotle and those that preceded him were wrong in 
the supposition that there could not be No-thing. As we have already 
seen, however, in the previous discussion on fundamentals, Einstein 
had noted that the apparent vacuum of space can be bent by gravita-
tional fields. If this is so, as seems to be the case, can a vacuum be No-
thing? As we will see later, Aristotle and his contemporaries may have 
been right after all. 

As a prelude to our discussion into what No-thing is, if it exists at all, it 
might be useful to examine the concept of emptiness. What exactly does 
emptiness mean? For this let us return to our discussion of the funda-
mentals and recall that atoms are the building blocks of molecules and 
on up to you and me. Further recall that an atom has a nucleus made up 
of protons (and sometimes neutrons) surrounded by electrons in as 
sufficient quantity to exactly offset the positive charges of the protons 
(in stable conditions). These electrons fly around in a specific way at 
specific altitudes, the science of which we don’t need to get into here. 
The interesting thing about an atom is that it is largely empty space. 
From the centre of the atom to the outermost reaches of its electrons, an 

atom is 99.9999999999999 percent empty space. This means that appar-
ently solid matter, on an atomic scale, is, in essence, transparent. If you 
were to bombard atoms with a beam of electrons, you would find that 
they would pass through as if nothing was there, as Philipp Lenard 
famously discovered. He remarked that “the space occupied by a cubic 
meter of solid platinum is as empty as the space of stars beyond the 
Earth.” At the core of the atom, the nucleus, the protons, and neutrons 
are made up of three quarks each. These three quarks are as insignifi-
cant, in terms of size, to the proton as the nucleus is to the atom. An 
atom is so profoundly empty that it challenges the imagination. 

We have established that the emptiness of an atom defies our percep-
tion, but does that mean that there is nothing there? In fact, operating 
within this vast empty space, there are powerful electric and magnetic 
forces which bind everything together along with the strong and weak 
nuclear forces. There may be virtually nothing tangible in an atom, but 
it does contain a wall of force of great proportion on an atomic scale. So 
what is this force field that pervades the atom? Is it the No-thing that 
we think exists? Is it the elusive ur-matter from which all else has 
arisen? We cannot form a mental image of what these forces are as they 
are not there for us to walk up to and touch. We know they exist like we 
know the wind on our face exists, but we don’t know what this force is, 
only its effects. In fact, the effects of this electromagnetic force remain 
even after the atoms are removed. When Otto von Guericke created the 
vacuum that held the two halves of his sphere together, the vacuum 
was not empty. It was filled with an intense (on an atomic scale) electri-

cal field of energy, not 
to mention gravity. 
Why would these 
forces remain even if 

all apparent physical matter were removed? You could perhaps picture 
a stone tossed into a pond. You will continue to observe the waves 
spreading out along the surface of the pond long after the pebble has 
disappeared into the depths of the pond. Such it is with these electro-
magnetic and gravitational fields. They continue to manifest themselves 
even in the absence of that which may have given rise to them. More-
over, we haven’t even broached the subject of “dark energy” which will 
also pervade the vacuum as much as it does everything else. Beyond 
that there are the virtual particles which appear and disappear instanta-
neously and continuously using borrowed energy from . . . somewhere. 
A vacuum, perhaps, but still filled with something. Remove everything, 
were that possible, for a defined volume of space and there would still 
remain residual energy, hardly noticeable on a macro scale but abun-
dantly evident for very small levels. So, what are these waves of force, 
energy, and ephemeral particles in? They are ripples in the fabric of 
space-time itself as mentioned in our previous look at the fundamentals 
of this universe. The vacuum, devoid as it seems, is in fact boiling with 
activity and the medium which carries it all is a something, for nothing 
has not  been found to exist. Back to the creation hymn of the Rig Veda: 
There was neither non-existence nor existence then. 

We have seen that voids or vacuums are not what they had seemed. 
They are rife with goings-on. None of this is disputed. Again the ques-
tion arises, active in what? A swimming pool may be seething with 
activity, particularly if there are children around, but we don’t have to 
ask the question, active in what? The activity is taking place in water. 
What of the quantum soup then? What is the medium that accommo-
dates a constant level of low energy, virtual particles coming and going, 
waves of various sorts of energy and so on? What is the dark stuff we 
can’t yet define which eventually gives rise to quarks, atoms, molecules, 
and you and me? The mathematicians and physicists have certainly had 
a go at it and one in particular has scoped out what is likely the answer. 
This medium which is the source of it all, the water in the pool of the 
boiling universe, is the eponymous Higgs field. This is the field, it is 
postulated, whence cometh all. It is the stuff of the universe. The physi-
cists and others have yet to actually put their finger on it. But the ... 
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(Lev Davidovich …: Continued from page 2) 

governing ideal and nonviscous fluids with irrotational flow. 
Landau's theory also predicted that two velocities of sound 
waves occur if sound is transmitted through helium II. The first 
sound wave oscillates in helium II as does an ordinary sound 
wave in an ordinary fluid. But the second sound wave is unique 
to superfluids. Landau called this wave a "zero" sound wave. 
For his work in low-temperature physics Landau received the 
Stalin Prize in 1941, the Fritz London Award in 1960, and the 
Nobel Prize in 1962. 

Other Scientific Contributions 
Landau was appointed a full pro-
fessor of physics at Moscow State 
University in 1943. In 1946 he was 
elected to full membership of the 
Soviet Academy of Sciences, won 
the Stalin Prize for his thermody-
namic theory of phase transitions in 
solid bodies and of symmetry prop-
erties, and published a classic paper 
on the vibrations of the electronic 
plasma. Landau's work on the oscil-
lations in plasma is recognized as a 
pioneering study on the road to 
harnessing thermonuclear power. It 
is believed that in the postwar pe-
riod he made significant contributions to the development of 
Soviet atomic capability and the success of Soviet rocketry. 

In his lifetime Landau published over 120 works covering the 
areas of hydrodynamics, aerodynamics, thermodynamics, astro-
physics, quantum field theory, solid-state matter, cryogenics, 
nuclear physics, and cosmic rays. He received international ac-
claim for his achievements in theoretical physics. He was elected 
to membership in the English and the French Physical Society, 
the Dutch and the Danish Royal Academy of Sciences, the Na-
tional Academy of Sciences of the United States, the American 
Academy of Arts and Sciences, the New York Academy of Sci-
ences, and the London Royal Society. In addition to the previ-
ously mentioned prizes, Landau received in 1960 the Max 
Planck Medal from West Germany. 

Personality and Outlook 
Those who worked closely with Landau appreciated his enthu-
siasm for science, devotion to creativity in physics, and dedica-
tion to high scientific principles. Some have characterized Lan-
dau as a "salon" Communist who accepted the ideals of commu-
nism, but there is no evidence indicating that he ever joined the 
Communist party. 

Landau revealed in Komsomolskaia pravda, dated July 8, 1964, to a 
stunned Soviet readership that he too had been caught up in the 
Stalinist mass purges. He was arrested on April 27, 1938 as a 
German spy - despite his Jewish background and held in prison 
until his release on April 29, 1939, after his colleague Pyotr 
Kapitsa, an experimental low-temperature physicist, wrote a 
letter to Joseph Stalin, personally vouching for Landau's behav-
ior. After a year's detention Landau had emerged, emaciated 
and sickly, his black hair turned gray. Ironically, in subsequent 
years Soviet newspapers portrayed him as an "enthusiastic pub-

lic-spirited citizen" whose scientific services were highly appre-
ciated by the Soviet government. If there was any crime that 
Landau was guilty of, it was nonconformism. He appeared at 
state functions in a checkered sport shirt and at the Moscow Art 
Theater in sandals. He did not hesitate to lend support to mod-
ernistic trends in Soviet art. And he encouraged Soviet scientists 
to engage in discussions of the philosophical problems of sci-
ence, thus preventing narrow party ideologues from dominat-
ing the scientific field. 

The Landau School 
Apart from his theoretical accom-
plishments, Landau was the princi-
pal founder of a great tradition of 
theoretical physics in Kharkov, 
Soviet Union (now Kharkiv, 
Ukraine), sometimes referred to as 
the "Landau school". He was the 
head of the Theoretical Division at 
the Institute for Physical Problems 
from 1937 until 1962 when, as a 
result of a car accident, he suffered 
injuries which stopped him from 
making further contributions to 
science. 
Landau developed a comprehen-
sive exam called the "Theoretical 

Minimum" which students were expected to pass before admis-
sion to the school. The exam covered all aspects of theoretical 
physics, and between 1943 and 1961 only 43 candidates passed. 

Last years 
On January 7, 1962, Landau's car collided with an oncoming 
truck. He was severely injured and spent two months in a 
coma. Although Landau recovered in many ways, his scientific 
creativity was destroyed, and he never returned fully to scien-
tific work. His injuries prevented him from accepting the 1962 
Nobel Prize for physics in person. 

The process of recovery was slow. On Dec. 10, 1962, he was well 
enough to receive the Nobel Prize from the Swedish ambassa-
dor to Moscow. He died on April 1, 1968 and buried at Novode-
vichy cemetery. With his passing, the Soviet Union lost its most 
outstanding theoretical physicist. 

Legacy 
• Commemorative plaque in Baku. 

• The minor planet 2142 Landau, discovered in 1972 by So-
viet astronomer Lyudmila Chernykh is named in his honor. 

• The lunar crater Landau is named in his honor. 

Landau's List 
Landau kept a list of names of physicists which he ranked on a 
logarithmic scale of productivity ranging from 0 to 5. The high-
est ranking, 0.5, was assigned to Albert Einstein. A rank of 1 
was awarded to "historical giants" Isaac Newton, Satyendra 
Nath Bose, Eugene Wigner, and the founding fathers of quan-
tum mechanics, Niels Bohr, Werner Heisenberg, Paul Dirac and 
Erwin Schrödinger. Landau ranked himself as a 2.5 but later 
promoted himself to a 2.� 
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Conference on theoretical physics in Kharkov, May 1934. From left to right: 
D. D. Ivanenko, L. Tisza (partially obscured), L. Rosenfeld, (figure ob-
scured), Iu. B. Rumer, N. Bohr, J. G. Crowther, L. D. Landau, M. Plesset, Ia. 
I. Frenkel, I. Waller, E. J. Williams, W. Gordon, V. A. Fock, I. E. Tamm. 



Participant of the Conference—partial view 

News: 
Nobel Prize in Physics 2010 

The 2010 Nobel Prize in Physics was awarded jointly to Andre 
Geim and Konstantin Novoselov "for groundbreaking experiments 
regarding the two-dimensional material graphene". 

 

 

 

 

 

 

 

 

Andre Geim is born on 1 October 1958, Sochi, Russia and Kon-
stantin Novoselov is born on 23 August 1974, Nizhny Tagil, 
Russia. At the time of the award both were working at the Uni-
versity of Manchester, Manchester, United Kingdom.� 

EPS Fifth National Conference 

The Ethiopian Physical Society held its Fifth National Confer-
ence on October 1 and 2, 2011 in the premises of the Jimma Uni-
versity. The host, The Department of Physics, Jimma University, 
organized a successful conference. 

During the two days, about fifteen research papers on various 
topics related to physics are presented. In addition, the General 
Assembly of EPS reelected unanimously the Executive Commit-
tee (EC) members that served the Society from January 2011 till 
the Fifth National Conference. The reelected EC members are: 

1. Dr Mulugeta Bekele, President 
2. Ato Sisay Shewamare, Vice President 
3. Ato Gebregiorgis Abraha, Secretary 
4. Dr Lemi Demeyu, Treasurer 
5. W/o Tadelech Atomssa, Accountant 
6. Ato Girma Mitiku, Public Relations Officer and 

7. Ato Belayneh Mesfin, Editor-in-Chief. 

These members are expected to serve the Society for the coming 
two years. In addition, Ato Tesfaye Getinet was reelected by the 
General Assembly of 
EPS to serve the Soci-
ety as internal auditor. 

At the Conference, the 
Haromaya and Mekele 
Universities requested 
the General Assembly 
to host the Sixth  Na-
tional Conference. The 
participants decided 
that Haromaya Uni-
versity be given the 
chance to host the Six Conference, whereas Mekele University 
will host the Seventh Conference. Accordingly, the Sixth Na-

tional Conference of EPS is expected to be held in the Premises 
of the Haromaya University in October 07 and 08, 2011. 

The Conference comes into its conclusion with the reception 
held at JU in the presence of the then President of JU, now His 
Excellency Deputy Minister of Education Dr Kaba Urgessa. The 
JU gave gifts to all the universities in the country. Two promi-
nent physicists, Dr Fesseha Kassahun and Dr Mulugeta Bekele 
were also given gifts by the University in recognition of their 
uninterrupted contribution both in the research and teaching of 
physics in the country, and their unrelenting support in 
strengthening the Society. 

The EC members of EPS would like to extend its deep apprecia-
tion to all the JU community whose support helped the success-
ful conclusion of the Conference and the Physics Department of 
JU and its members, in particular, on behalf of EPS members.� 

Ethiopian Scientist develop reactor to make fuel from 
sunlight 

A simple reactor that mimics plants by turning sunlight into fuel has 
been demonstrated in the laboratory, boosting hopes for a large-scale 
renewable source of liquid fuel. 

"We have a big energy problem and we have to think big," said Prof 
Sossina Haile, at the California Institute of Technology, who led the 
research. 

Sossina estimates that a rooftop reactor could produce about three gal-
lons of fuel a day. She thinks transport fuels would be the first applica-
tion of the reactor, if it goes on to commercial use. But she said an 
equally important use for the renewable fuels would be to store solar 
energy so it is available at times of peak demand, and overnight. She 
says the first improvements that will be made to the existing reactor 
will be to improve the insulation to help stop heat loss, a simple move 
that she expects to treble the current efficiency. 

(Physics Essay: Continued from page 6) 
mathematics of this very weird area, quite beyond our sentient percep-
tion, appears to point to its existence. No doubt the Large Hadron Col-
lider at CERN will provide us with the indirect evidence of this field, 
which is to say if they are not beaten to the punch by the Tevatron. 

But what exactly is the Higgs field? Bear in mind our limits of percep-
tion. Nonetheless, the limits of our perception do not deny the existence 
of this or that as we have discovered in noting that nothing is, after all, 
something, and a very active something at that. The Higgs field is the 
ur-matter which has been the source of so much discussion over the 
millennia. The best description that I have been able to uncover in plain 
English is that of John Ellis, a scientist working at CERN, which fol-
lows: “Different fundamental particles are like a crowd of people run-
ning through mud. Some particles, like quarks, have big boots that get 
covered with lots of mud; others, like electrons, have little shoes that 
barely gather any mud at all. Photons don’t wear shoes—they just glide 
over the top of the mud without picking any up. And the Higgs field is 
the mud.” In other words, that which is comes from the Higgs field. It 
is the bottom of the ladder. Quarks and electrons acquire their mass 
from the field and form atoms with the aid of the electromagnetic and 
nuclear forces noted earlier. Alone, atoms don’t do much, but as they 
bounce around they form alliances with other atoms and can thus attain 
certain properties and propensities which allow the combinations to 
make ever more complicated combinations to the point where we have 
self-aware matter with the gift of consciousness, like you and me. 

So No-thing is something!� 

(Excerpted from an essay by Brock Junkin) 
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Partial view of the Conference participants.  


