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At first blush to say something about nothing seems either silly or unnecessary and yet 
philosophers, theologians and scientists have spent a great deal of time and energy 
thinking about nothing. Today I would like to talk about the history of that exploration of 
nothing. Unsurprisingly, like everything we study at St. John’s, we will find that the 
answers we find along the way will provoke more and better questions.     

To begin, imagine I have a dorm room.  I decide to remove everything in it– clothes, 
furniture, the dog-eared copy of Euclid, a well-used croquet mallet, even the bust of 
Aristotle.  Is room empty? In an everyday sense it is but is it truly empty?  Most people 
would probably answer no as the room is still filled with air. What if I seal up the room 
and pump all the air out of it –is it empty now? What about the light passing through the 
windows? Perhaps I should blacken the windows to prevent the light from entering the 
room. Is it empty now? One might be tempted to say yes, but what about the other 
electromagnetic waves like the radio waves that are passing through the box connecting 
our cellphones and Wi-Fi networks?  We could perhaps place the room inside a large 
metal barrier (like some elevators) and block out all the EM waves. Is it empty now? 
What about gravity? There is no way to block gravity but I could take the dorm room to 
the farthest reaches of the universe far from any massive object – perhaps then the room 
would be empty - or perhaps not? 

Of course, this all assumes that it is possible to have space independent from it contains. 
When I remove everything from a given region do I remove the space as well? 

So, what exactly is “empty space” or “void” as it is sometimes called? There are really 
multiple questions here: Is there a thing such as space that is independent of the things at 
that place? And if so what qualifies as something in our space and can we physically 
remove all of the things associated with the space?   

Let’s begin our search for nothing with the Pre-Socratics: 

One of the first discussions of “nothing” is attributed to Thales of Miletus, the first of the 
Greek natural philosophers known to us.  Thales believed that the universe was filled 
with a primal substance, an ur-matter. This is ur-matter was uncreated and indestructible.  
The world we experience is just the transformation of this primal matter from one form to 
another. Thales believe this ur-matter was water. (This isn’t as weird as it sounds. Water 
can take on forms similar to the 4 elements: Ice is hard like stone, water is, well, water, 
steam is a gas like air and fire… Ok a little weird) Thales denied that there was such a 
thing as “empty space” because would allow the possibility of the creation of something 
from nothing, in other words the creation or destruction of the ur-matter. 



For Thales the universe is filled. You can move matter around or transform it from one 
type of matter to another but you can’t have any space that is not filled with matter. 

Parmenides of Elea approached the problem from a different perspective. In his long 
poem The Way of Truth Parmenides argues that there are only two ways to think about 
something. Either we can say it has a certain selection of properties (It is blue, spherical, 
heavy.) or we can say that it lacks some properties (It is not blue, not spherical, not 
heavy.)  Parmenides then considers the question of being. The positive claim about being 
is fine. (Being exists.) But the negative claim causes difficulties (Being does not exist.)  
Parmenides argues that something that does not exist can’t have properties.  But if empty 
space or nothing is defined as a place without properties. Then for Parmenides any 
propositions about Not-Being or nothing are meaningless or contradictory. Therefore, 
empty space cannot exist. There can be no nothing. 

So, Parmenides would say our room can’t be empty because a space containing nothing is 
impossible. 

We next turn to Aristotle (of course) for another concept of the void. 

In order to understand Aristotle’s ideas about empty space we need to look at his concept 
of place. (Physics 208 – 213). Aristotle first demonstrates that there is a such thing as 
place and that it is independent of bodies. He claims that place is different from bodies as 
different bodies can occupy the same place (at different times presumably).   

The important concept, for our purposes, hinges on Aristotle’s understanding of motion 
and natural places.  According to Aristotle the various elements strive to move toward 
their “natural places” (Fire’s natural place is upward but below orbit of Moon, Earth’s 
natural place is downward toward the center of Universe, water’s natural place is the 
surface of Earth and air’s natural place is above water but below fire).  This means places 
do not just differ by their relative positions but have absolute “potencies”. Each place 
must contain some means of allowing a body to determine which way to move to reach 
its natural place. This means that places have an existence independent of the bodies that 
occupy them. 

Aristotle then proceeds to define exactly what place is.  After trying and discarding a 
number of possibilities Aristotle concludes that place is the “extremities of the container 
of the thing”.  By this Aristotle means the boundary between the object and the thing that 
contains it. For example, the place of a dog is the boundary between the outermost 
surface of the dog and the innermost surface of the air.  It is not part of the dog or part of 
the air but the boundary between them. Place is an existing thing (because it has 
properties) and yet it is not a body or part of a body. 

So, what does this have to do with the void or empty space?  Well, based on his 
understanding of place Aristotle constructs a number of arguments against the void. Let’s 
take a look at two of them. 



 

1) Void or empty space is inconsistent with natural motion.  As places have 
properties that tell objects in them which way to move if there was a void an 
object that enters the void would be unable to participate in their natural motion 
(i.e. Earth would not “know” which way was down). 

2) Even if we could solve the problem with natural motion. We would still have a 
problem with “unnatural motion” like that of an arrow in flight. According to 
Aristotle this kind of projectile motion is a combination of natural motion (down) 
and an unnatural (forward) motion imparted to the object by an external force.  
This unnatural motion must be maintained by some medium that pushes the 
projectile.  In the absence of a medium there would only be natural motions.  But 
we observe projectile motion (I.e. arrows fly through the air) so there cannot be 
voids or empty spaces. 

In Aristotle’s view the room can’t be empty because no motion would be possible in 
empty space. 

While Aristotle was denying the existence of empty space another group of philosophers 
saw the void as essential to an understanding of the physical world.  The atomists, 
Leucippus and his student Democritus, proposed that all matter was made of small 
indivisible particles called atoms which move about in the void. The atoms were 
conceived as constantly moving, combining, and disjoining to make up the everyday 
objects that we perceive. 

This model was expanded by Epicurus and be given a full articulation by the first century 
Roman poet Lucretius in On the Nature of Things. The poem was well-known in Roman 
antiquity and discussed favorably by poets and philosophers in the first few centuries of 
the common era. The atoms moved freely (and occasionally randomly) through the void 
or empty space.  For Lucretius there was only void and atoms. 

So, for Lucretius and the atomists our room already has some empty space in it.  If we 
could remove the atoms we would be left with empty space. 

In the West Aristotle’s reasoning came dominate and for the next roughly 1500 years 
natural philosophers explored variations and implications of Aristotle’s model. The 
various ideas were summed up in the phrase Nature abhors a vacuum, which became the 
accepted view. 

The idea that “Nature abhors a vacuum” provided a model for a number of phenomena. 
Our experience with straws and siphons is an example.  According to this model when we 
suck the air out of the straw the water rises up to prevent a vacuum being formed. If we 
fill the straw with water and plug the top end the water does not fall out of the straw 
(because if it did it would have to leave a vacuum behind).  When we unplug the top end 
air can get in so as the water falls the air fills the space. 



But Nature’s abhorrence of the vacuum was not successful in explaining everything.  By 
the mid-1600s the attempts to pump water from deep wells could not raise the water more 
than about 10 meters no matter the power of the pump. Evangelista Torricelli was asked 
to study this problem by the Grand Duke of Tuscany. Torricelli made a model of the 
pumping system using a column of mercury instead of water. He found that the 
maximum column height was 1/13th that of the water column – which coincides with the 
densities. Mercury is 13 times more dense than water.  He next created a meter-long tube 
which he sealed a one end.  Filling the tube with mercury and then inverting it into a 
bowl of mercury he discovered that the height of the mercury column fell to about 76 cm.  
He had created the first barometer.  The column height in his barometer depended on the 
weight of the fluid.  Torricelli reasoned that it was not the vacuum pulling the liquid up 
into the tube but the weight of the atmosphere pushing down on the mercury in the bowl 
that forced the fluid up into the tube.  The weight of the atmosphere was roughly constant 
so that the height each column of fluid depended the weight of the fluid needed to 
balance the weight of the atmosphere. Torricelli reasoned that in the space above the 
column in the tube he had produced a vacuum. He wrote to a friend  

“ Many	have	said	that	a	vacuum	does	not	exist,	others	that	it	does	exist	in	
spite	of	the	repugnance	of	nature	and	with	difficulty;	I	know	of	no	one	who	
has	said	that	it	exists	without	difficulty	and	without	a	resistance	from	nature.	
I	argued	thus:	If	there	can	be	found	a	manifest	cause	from	which	the	
resistance	can	be	derived	which	is	felt	if	we	try	to	make	a	vacuum,	it	seems	to	
me	foolish	to	try	to	attribute	to	vacuum	those	operations	which	follow	
evidently	from	some	other	cause;	and	so	by	making	some	very	easy	
calculations,	I	found	that	the	cause	assigned	by	me	(that	is,	the	weight	of	the	
atmosphere)	ought	by	itself	alone	to	offer	a	greater	resistance	than	it	does	
when	we	try	to	produce	a	vacuum.	(Torricelli)”	

Others	soon	learned	of	Torricelli’s	experiments.	A	few	years	later	Blaise	Pascal	was	
demonstrating	barometers	made	of	water,	wine	and	mercury	in	the	public	square	of	
Rouen,	France.		Wine	is	less	dense	than	water	so	a	12-meter-high	tube	filled	with	
wine	is	needed	for	the	demonstration.		Perhaps	it’s	not	surprising	given	that	Pascal	
was	French	that	his	experiment	both	demonstrated	the	existence	of	a	vacuum	and	
provided	liquid	refreshment.	Pascal	would	develop	a	robust	theory	of	the	barometer	
and	air	pressure	and	advance	the	claim	that	vacuums	could	be	created.		The	
development	of	the	“air	pump”	(	by	Hooke	and	Boyle	among	others)	was	not	far	
behind	and	practical	devices	designed	to	create	vacuum	spaces	were	soon	among	
the	standard	equipment	of	the	natural	philosopher’s	laboratory.	

For Torricelli and Pascal the room could be made empty by removing the all the air. 

Not everyone was convinced.  While there might not be air inside the tubes that did not 
mean that there was nothing there. Light could pass through the tubes indicating some 
material could fill the space. Perhaps there was an exceedingly fine fluid that could pass 
unhindered through the container walls and fill the “empty” spaces. This fluid or aether 
was conceived as the material basis of the universe filling all space. 



One of the proponents of the aether was Rene Descartes. While Descartes met with 
Pascal and discussed the recent experiments on pressure and vacuum he was not 
impressed.  Descartes wrote to Huygens that Pascal had “too much empty space on his 
mind.” (This is sometimes translated has “having too much empty space in his head” but 
alas this is one case where the translation reads better than the original.) 

Some of Descartes objections to the vacuum theory were based on his claim in the 
Meditations that one of the few clear and distinct ideas of corporeal things that he had 
was extension (the other ones are motion, number, position, and duration). All other 
properties could have originated within his mind alone.  Therefore, Descartes identifies 
matter as extension – one of the few things that can be said to truly exist.  This implies 
that if the vacuum has a size (extension) then it is indistinguishable from a corporeal 
body. This contradicts the definition of vacuum or empty space so via a reductio of sorts 
the vacuum was impossible. 

Descartes developed a model of the universe filled with the aether fluid.  The ordinary 
matter was pushed and pulled by the movement of aether, settling into vortexes of the 
aether fluid which collected the matter to form planets and other celestial bodies. The 
“forces” on matter were transmitted by the aether. 

So, for Descartes our room cannot truly be emptied as the aether fluid fills all space and 
can’t be removed. 

While his view was influential, Descartes’ model would soon be superseded by a very 
different model.  Isaac Newton’s universe was one in which empty space was not just 
possible but essential. Forces acted at a distance needing no material substrate to transmit 
the force. His model was built on an absolute empty space that served as a stage on which 
the motions of bodies were performed. Material bodies (planets, the Sun) moved through 
an empty space without resistance communicating through gravitational forces. Newton’s 
model was destined to become the default model of the universe for nearly 300 years. 

Newton’s cosmos of absolute, and largely empty, space had its critics. The great 
polymath Gottfried Leibniz would attack Newton’s model on a number of fronts: two of 
which concern the idea of empty space.  The first was anticipated by Descartes and others 
– the lack of a transmitting medium for the gravitational force.  Leibniz argued that 
motion was caused by the direct contact between bodies.  Newton’s gravitational action-
at-a-distance force somehow reached between bodies and caused motion without needing 
any contact. 

Leibniz’s 2nd argument was theological. Empty spaces were a limitation on God’s power 
and perfection. Leibniz claims: 

I lay it down as a principle that every perfection which God could impart to things 
without derogating their other perfections has actually been imparted to them. 
Now let us fancy a space that is wholly empty. God could have placed some 



matter in it without derogating in any respect from all other things: therefore, he 
has actually placed matter in that space; therefore, there is no space wholly empty.  

Newton would reply (via Samuel Clarke) that in some sense the empty spaces in his 
model were not really empty – just empty of matter as God was everywhere though 
incorporeal. 

As to the Leibniz’s claim that a medium was needed to transmit force Newton would 
change his mind about need for an aether like material several times during his life. In the 
1687 edition of the Principia he explicitly denies the necessity of a transmitting fluid 
(aether) but the second edition in 1713 he would reverse his opinion and claim that there 
was ‘a subtle spirit which pervades and lies hid in all gross bodies.’ 

So, for Newton, sometimes, our room could be empty – at least corporeally empty.  For 
Leibniz our room is ever full as God makes the universe perfect. 

Next, we turn to Michael Faraday. Probably the greatest experimental physicist of all 
time, Faraday was trying to develop a theory of electricity and magnetism. You have 
probably done one of Faraday’s experiments by using a magnet and some iron filings to 
show what Faraday called “the lines of Force” that surround the magnet. Faraday’s 
experiments suggested that magnets and charged particles created “fields” of force. 
Theses “fields” might be likened to the map of wind speeds you might see on the TV 
weather report. At each place on the map there is a wind speed indicated that represents 
what a person would feel at that location.  Faraday’s fields were generated by magnets 
and charged particles.  The field had a value at each point in space indicating the 
magnetic or electric force that an object might feel there. While at first glance this might 
seem like a fancy book-keeping method with no other connection to reality than the 
weatherperson’s map has to the actual wind speeds, Faraday believed that the fields had a 
real existence. Faraday’s fields were generally considered to be distortions of the all-
pervasive aether. 

Faraday was a cautious man and almost never speculated on natural phenomena without 
extensive experimental evidence but due to an unforeseen circumstance Faraday would 
reveal his thoughts on the role of fields in nature. In April of 1846 Faraday was hosting at 
lecture by Charles Wheatstone at the Royal Institution.  Moments before he was supposed 
to speak Wheatstone had an attack of stage fright and fled the building. Faraday had no 
choice but to step up and deliver a lecture. Not knowing enough about Wheatstone’s 
work to fill the hour Faraday spent the remaining minutes revealing his speculations 
about light, and electric and magnetic fields. 

Published later that year in the Philosophical Magazine as Thoughts on Ray-Vibrations 
Faraday suggested that it was the vibrations of the electric and magnetic fields 
themselves that created light and that the aether was unnecessary. Indeed, Faraday 
suggested that it was the fields that were real and the charged particles and magnets were 
just centers of fields. Faraday further suggested that gravity might work in a similar way 
so no aether was needed for Newton’s gravitational forces as well. 



Faraday’ speculations suggest that there is no aether; electric, magnetic and gravitational 
fields don’t need it.  If we remove the fields as well as the matter from our room it should 
be empty. 

James Clerk Maxwell would bring his powerful mathematical skills to Faraday’s models 
and develop the famous equations that govern the properties of Electric and Magnetic 
fields.  In addition, he would show that light was an oscillation of the electric and 
magnetic fields with a fixed speed.  But Maxwell would rely on a mechanical model of 
the fields and reinstate the aether as the carrier of electric and magnetic force as well as 
the medium through which light traveled. 

Maxwell’s model of light waves was similar to that of sound waves.  The light moved at 
a fixed speed with respect to the medium, in this case the aether. Maxwell’s aether soon 
became the accepted scientific description of the world.  

The universe of the 1880s was filled with a physical but nearly undetectable aether.  Our 
dorm room once again can never be truly empty. 

While the existence of this aether (sometimes called the “luminiferous aether”) was not 
questioned its physical properties were a topic of much debate. One question was whether 
the planets moved through the aether in their motion around the Sun or was a shell of 
aether carried along with the Earth in its orbit.  As the speed of light was determined by 
reference to the aether by measuring the speed of light in different directions as the Earth 
moved in its orbit the movement of the aether around the Earth could be determined.  
Experiments observing the apparent position of the stars in the sky at different points in 
the orbit of the Earth ruled out the possibility of the aether moving with the Earth.  
Therefore, the aether must move past the Earth as it traveled along its orbit around the 
Sun.  The determination of the velocity of the ether wind vs. the Earth was the goal of an 
experiment conducted in 1887 by Albert Michelson (who taught at the Naval Academy 
from 1877-1881) and Edward Morley in Cleveland, Ohio.  A large block of sandstone 
about 5 ft square was floated in a pool of mercury and mirrors and a observing telescope 
were mounted in two perpendicular directions on top of the sandstone. Light was 
bounced back and forth numerous times between the mirrors in opposite directions until 
it was recombined at the observing telescope. If the speed of light was different between 
the two directions small light and dark patterns would be seen in the telescope.  The 
entire apparatus could be revolved on its axis as it floated on the mercury to look at 
different directions.  The expectation was that when one arm was in the direction of the 
ether wind and the other arm was perpendicular to the wind the maximum change would 
be seen. 

The results were, according to Michaelson, were  “decidedly negative.” The values of the 
aether wind found in the experiment were much smaller than expected and consistent 
with zero given the sensitivity of the apparatus. The aether wasn’t there. 



A number of theories were advanced to explain how Michaelson and Morley failed to 
detect the aether but all were rather ad-hoc and the consensus was that the aether was not 
real. 

But this left a problem – how do we explain the fixed speed of light in Maxwell’s 
equations.  What was it fixed with respect to? The Sun? the Earth?  Did we have to 
abandon Maxwell’s theory? No one was keen on that as Maxwell had managed to explain 
so many electric and magnetic phenomena. 

Enter Albert Einstein. (You knew he was going to be in this talk, didn’t you?) Einstein 
maintained Maxwell’s theory and removed the aether. He kept the fixed speed of light by 
sacrificing absolute space and time. The oscillating fields of Faraday were indeed light 
and there was no need of an aether if the speed of light was the same constant value with 
respect to everyone no matter what speed they were moving with.  

Imagine driving down the street at 60 mph and someone in the back seat tosses a ball into 
the front seat.  From your perspective the ball is moving slowly, perhaps a mile per hour, 
but from an observer on the side of the road the ball would be moving very quickly at 61 
mph. Einstein reasoned that light behaves differently.  Imagine a car is moving at near the 
speed of light passing an observer on the side of the road. The driver of the car turns on 
his headlights and sees the beams of light travel away from him at the speed of light (3 x 
108 m/s) The observer on the side of the road also sees the headlight beam move at the 
speed of light with respect to himself but not with respect to the car. To viewer on the 
side of the road the headlight beam moves just slightly faster than the car. Indeed all 
observers see the speed of light measured with respect to themselves as having the same 
value, regardless of the speed they are moving relative to each other. How is this 
possible? If the observers have different measurements of distance and time they can 
agree on the speed of light but they won’t agree on times and distances. Einstein’s theory 
says that space and time are relative to the observers. Only a specific combination of the 
two called “space-time” is agreed upon by everyone. 

So, without the aether our room is empty but it is not empty space but empty “space-
time” that we can have in our room. 

While Einstein was rewriting the laws of space and time another revolution in Physics 
was just getting started. Quantum theory is the fundamental theory of nature on the 
smallest scales. It defines the rules and properties of atoms, electrons, light waves, etc. 
Hence in some sense it is THE theory of physics. (There is a bit of set-up here so bear 
with me.) 

The first principle of quantum theory is that some properties like energy and light spectra 
come in discrete amounts. Rather than a continuous range of values for the energy of a 
particle only certain values called quanta are possible. 

The 2nd principle of quantum theory is that there are no such things as just particles or 
just waves.  All “particles” also have wave properties and all “waves” have some particle 



properties.  In some situations, light waves behave like particles called photons while in 
some situations electrons behave like waves. 

That sounds all well and good but what do I mean by that.  To get a feel for this I would 
like to look at the famous double slit experiment.  Imagine you have a “electron gun” that 
fires electrons randomly at a shield with two slits in it.  On the other side of the screen is 
an instrument to register the impact of the electrons. If you run the experiment you might 
expect to see a clump of electron hits behind each slit caused by the particles either 
passing through the slit or not. But this is not what you see, instead of two clumps you 
see a pattern of regions with more or less election strikes all across the instrument. The 
pattern looks like an interference pattern caused when two waves interact. So even 
though our instrument detected individual electron strikes the electrons somehow knew 
how to strike the screen so as to duplicate a wave interference pattern.  The electrons 
behave both like a wave and a particle. They are quanta. 

The scientist who calculated the relationship between wave and particle Louis de Brogle 
summed up his wave-particle theory in this way: 

The energy of an electron is spread over all space with a strong concentration in a 
very small region.  That which makes an electron an atom of energy is not the 
small volume it occupies in space, I repeat it occupies all space, but the fact that it 
is indivisible, that is it constitutes a unit. 

The particles and waves were now quantized. The missing piece was a quantum version 
of Faraday’s fields.  Now the electromagnetic field can exist at every point in space so 
any quantum theory of fields must apply everywhere as well. Paul Dirac developed the 
first rough quantum field theory for electromagnetism by developing a theory of 
electrons, light, electromagnetic fields and Einstein’s spacetime.  The quanta of light 
(photons) emerged naturally from his theory as quantized fluctuations of the 
electromagnetic field. These photons could be created or destroyed in the process of 
emission and absorption of light by atoms.  

It soon became apparent that not only photons but matter particles like electrons, protons 
were quanta of fields and could be created and destroyed.  We now routinely create and 
destroy “fundamental” particles inside accelerators such as the Large Hadron Collider at 
CERN. 

The quantum world is not a world of particles but of fields whose quantized excitations 
are the particles we see.  Nobel-prize winning Physicist Steven Weinberg puts it this way 
“The basic ingredients of nature are fields; particles are a derivative phenomenon.” In a 
certain sense there are only fields. 

So, what does this say about our empty room. To create an empty space, we need to 
remove not only the matter (quanta of the field) but the fields themselves.  So, the 
question is can we remove all of the fields.  Is it possible to create a space where all the 
fields are zero? 



To answer this, we need to turn to another principle of quantum theory - the Heisenberg 
Uncertainty Principle. In 1927 Werner Heisenberg published a paper showing that the 
position and velocity of a particle can not be measured exactly, at the same time.  This is 
a law of nature and does not depend on the precision or cleverness of the experiment.  In 
fact the better we know the position of the particle the less well we know its velocity. 

Imagine a classical particle in a bowl.  It will roll down to the center of the bowl and 
eventually come to a stop there.  This is the zero-energy position of the particle.  In a 
quantum system the particle will still seek the lowest energy but it can’t be at rest in the 
center of the bowl as we would know both its location and its velocity exactly. Instead it 
has a non-zero lowest energy that is due to the non-zero velocity imposed on it by the 
uncertainty principle.  This energy is known as the zero-point energy. It is the lowest 
possible energy of the system (no more energy can be removed from the system) but it is 
not zero energy. 

Applying the Uncertainty principle to the fields means that even when the fields in our 
room are “zero” they do not really have zero energy. The fields are in constant fluctuation 
creating and destroying quanta (particles) of the fields continuously.  Empty space might 
be imagined as a quiet lake.  From a distance the surface seems placid but up close we 
see constant tiny ripples and disturbances on the surface of the lake. Our empty space is 
free of fields and particles at the large scale but up close it is a constantly changing place 
with field quanta (particles) popping into existence and disappearing again. 

So surprisingly our dorm room of nothing contains everything.  Inside our dorm room are 
all the fields that make up are universe. They are constantly changing and fluctuating, 
creating a particle here and destroying one there.  Empty space is in constant turmoil. 

Now the zero-point energy is the minimum energy for the system but it is possible that a 
system could have a number of minimum configurations.  Rather than a bowl with a 
particle imagine an egg crate and particle with many minima.  Each of these would 
correspond to a different configuration. But what do we mean by configuration here? If 
the fields fill the universe and their fluctuations are the quanta of our universe we are 
talking about different values for the quanta (particles) so different minima correspond to 
different types of universes. In a different universe, electrons might be very heavy, the 
speed of light much faster or slower, the gravitational force much stronger or weaker.  
What we think of as the physical constants in our universe would be radically different if 
the universe had a different zero-point energy minimum. 

 There are number of possibilities here.  In the past the universe was much hotter 
and denser and as it cooled it could have fallen into a number of different minima.  The 
universe we live in might just be one out of many possible universes. Many of those other 
universes would be unable to support life.  If the electrostatic force was different atoms 
wouldn’t bond together the way we are used to - it might not be possible to form organic 
molecules.  If the gravitational force was weaker planets and stars might not have formed 
at all; the universe would just be a fine mist of hydrogen atoms. 



Another question is whether or not the universe can move from one minimum to another. 
Could we wake up the find our universe radically different one morning? (Assuming we 
would be around to wake up in the first place.) Some scientists believe that while the 
chance of moving from one minimum to another is fantastically small it is not zero.  And 
if the Universe is around long enough that small probability might eventually become 
reality. 

A final question I would like to explore is where the energy for the Universe came from 
in the first place. After all there is a lot of stuff in the universe – and as Einstein’s E=mc2 
equation shows – mass is energy.  It appears that not only does empty space have energy 
(the zero-point energy) but the Universe around us is full of energetic quanta. One would 
imagine that the total energy of the universe is very large. It turns out though that the total 
energy of the universe might be zero or very close.  The reason is that gravitational 
energy is negative energy.  Particles in a gravitational field have to expend energy to 
move out of it so a gravitationally bound object, like the Earth, is in a state of negative 
gravitational energy. This means that when we add up all the energy in objects and the 
energy in the fields we find that the total energy is roughly zero.  This has led to an 
intriguing speculation. Perhaps the universe is a quantum fluctuation of some primordial 
field. This idea suggests that the universe is similar to the quantum fluctuations we see in 
empty space. It is created spontaneously and will disappear spontaneously back into 
empty space. 

Perhaps if we could truly understand what is in our empty room we would understand the 
physics of everything. 

So next time you find some empty space in your dorm room, look closely – it contains 
the secrets of the universe. 

 


