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Introd uction

Martin Rees’ book Just Six Numbers: The Deep Forces That Shape
the Universe.
Synopsis: How could a single “genesis event” create billions of
galaxies, black holes, stars and planets? The nature of our universe
is remarkably sensitive to just six numbers, constant values that
describe and define everything from the way atoms are held together
to the amount of matter in our universe. If any of these values was
“untuned,” there would be no stars and life as we know it in our
current universe. This realiz ation offers a radically new perspe ctive
on our place in the universe, and on the deep forces that shape, quite
simply, everything.

Credit: http:/ /ww w.d ont ow.c om /20 10/ 01/ rev iew -of -ma rti n-r ees -bo ok- ‐
jus t-s ix- num ber s-t he- dee p-f orc es- tha t-s hap e-t he- uni verse/

About the book author: Martin Rees is a famous astrop hys icist and
cosmol ogist from England. He is currently Professor of Cosmology
and Astrop hysics at Cambridge Univer sity; he is also the President of
the Royal Society in England. The book is published by Basic Books
in 2000.

1. N = Relative strength of electrical force

N = Relative strength of electrical force over gravit ational force
(e.g., electrical force between 2 proton s/g rav ita tional force
between 2 protons) = (appro xim ately) 1036, i.e. the gravit ational
force is extremely weak compared with the electrical force.
Matter is made up of atoms and molecules which in general are
neutral because they are made up of equal numbers of protons
(posit ively charge) and electrons (negat ively charge), and some
neutrons (neutrally charge). Therefore, even though the electrical
force is so much larger than the gravit ational force, the aggregate
force governing the macros copic structure of matter is the gravit ‐
ational force, and not the electrical force. This self gravit ational force
will pull the matter inward into smaller and smaller spheres. When
they get smaller and smaller, its temper ature gets hotter and hotter,
because temper ature is due to the collision of atoms with each other
within the matter, and there will be more collisions if the spheres are
smaller. When the interior temper ature gets hot enough, nuclear
fusion reactions can occur as in our sun. These nuclear fusion
reactions release energy and therefore outward pressure which can
counteract the inward pressure from gravit ation.

 

1. N = Relative strength of electrical force (cont)

That keeps the matter from continuous collapse and allows stars like
our sun to shine from the released energy.. However, If the gravit ‐
ational force were larger, e.g., a million times larger, i.e., if N=1030,
then the matter spheres would collapse much faster into smaller
spheres when they reach the temper ature which can generate the
nuclear fusion reactions and stabilize the matter. Under these
circum sta nces, galaxies would form much more quickly and would
be much smaller in size (due to less time for the universe to
expand). Instead of the stars being widely dispersed, they would be
so densely packed that close encounters would be frequent, thus
precluding stable planetary systems, which are a prereq uisite for life.
Furthe rmore, when gravity is so strong (relat ively speaking), no
animals could get much larger than very tiny insects, because gravity
would cause any larger living organism to collapse.. We can
conclude that instead of having 36 zeros after 1 in the value of N, if
there were only 30 zeros after 1, then the universe would be very
much different from the current universe, and life as we know it
would not be able to exist. Note: On the other hand, if the gravit ‐
ational force were even weaker, i.e., if N is even larger (having more
than 36 zeros after 1), then it would take longer to form galactic
structure, and galactic structures would be less densely populated,
and larger and perhaps more complex life organisms, different from
current life organisms, could exist..

Just Six Numbers

2. € = nuclear efficiency

€ = nuclear effici ency, defined as the % of the mass of the
nuclear consti tuents that is converted to heat when the nuclear
consti tuents react via nuclear fusion to form a heavier nuclei =
0.007. 
The force governing nuclear fusion is called the strong force, and is
one of four forces known in nature, with the other three being the
electr oma gnetic force, the weak force (a repulsive short- range force
governing radioa ctive decay), and the gravit ational force.
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2. € = nuclear efficiency (cont)

The strong force is the strongest of the four forces and is about 100
times stronger than the electr oma gnetic force. However, its force is
very short range, i.e., the force falls off very rapidly with distance.
The number € is a measure of the strength of the strong force; a
larger € means a stronger strong force.. As explained below, if €
were smaller than 0.006 or larger than 0.008, then the universe and
life as we know it would not exist.
When two protons and two neutrons react to form a helium nucleus,
the reaction does not go in one step. Instead, it occurs in two steps.
The first step is that one proton and one neutron would react to form
a deuterium nucleus, i.e., an isotope of hydrogen consisting of one
proton and one neutron. Similarly, the other proton and the other
neutron would react to form another deuterium nucleus. Then the two
deuterium nuclei would react to form a helium nucleus consisting of
two protons and two neutrons.. If € = 0.006 or smaller, the strong
force is not strong enough to fuse a proton and a neutron into a
stable deuterium. Without stable deuterium, helium cannot be
formed. Then our universe would be composed of hydrogen only,
and no heavier elements could be formed to make rocky planets and
carbon -based living things. This means no chemistry and therefore
no life organisms as we know it can be formed.
In our actual universe with € = 0.007, the strong force is not strong
enough for two protons to overcome their electrical repulsion to fuse
together. It requires one or more neutrons which provide additional
strong force but no additional electrical repulsion to fuse together into
a heavier element.
If € = 0.008 or greater, then the strong force is strong enough to
overcome the electrical repulsion of two protons, and two protons
can fuse together. This would have happened early in the life of the
universe, so that all the hydrogen (i.e., protons) would have been
used up very early on, and there is no hydrogen remaining to
continue to provide the fuel to produce light in ordinary stars as in
our sun. Furthe rmore, water, H2O, could never have existed, and
therefore no life as we know it.

Any universe with complex chemistry and life would require € to
be in the range of 0.006 – 0.008.

 

3. Ω and dark matter

When a rocket, is launched upward from the surface of a galactic
object, e.g., the earth, whether it will escape from that galactic object,
or whether it will be pulled back by gravity to the surface of that
galactic object, depends on the velocity of the launch and the
strength of gravity for that galactic object. The critical velocity that is
required to cause that rocket to escape from that galactic object is
known as the “escape velocity”. In the case of the earth with its
known gravit ational field, the “escape velocity” is 11.2 kilometers per
second, or about 25,000 miles per hour.. In an expanding universe,
galactic matters are moving apart from each other. Will this
expansion continue forever, or will these motions eventually reverse,
so that the universe will eventually re-col lapse to a “Big Crunch”?
Since we know the expansion speed of our expanding universe, the
answer to the above question depends on whether there is enough
matter in the universe so that gravity from all these matters is strong
enough to slow down the expansion and then cause the collapse to a
“Big Crunch”. The matter density in the universe that is necessary to
cause this reversal is called the galactic “critical density”. Knowing
the expansion speed, we can calculate and determine this critical
density to be approx imately five atoms [4] per cubic meter.. If we
calculate the masses of all known matter in our universe, we can
determine the average mass density of all known matter in our
universe, which turns out to be about 0.2 atoms per cubic meter, or
about 25 times smaller than the critical density.Ω = ratio of actual
density in galactic matter to the galactic critical density = 0.2/5 = 0.04.
We see that the known matter in the universe is only about 4% of the
critical mass (i.e., about 25 times smaller) than the amount of matter
needed to keep the universe from expanding forever.. Is there any
other indication for the existence of dark matter? By observing the
motions of various stars and galaxies, it seems that their motions
cannot be completely explained by the gravit ational pulls of other
stars and galaxies that are known to exist today. It seems that there
are other matters in the universe, called dark matter (because we
cannot see/detect their electr oma gnetic radiat ion), that are nevert ‐
heless affecting the motions of stars and galaxies. The assumption
of the existence of dark matter is actually not so ad hoc or unreas ‐
onable.
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3. Ω and dark matter (cont)

Such inference is actually the same line of reasoning used to explain
the unexpected motion of some stars by assuming that these stars
must be orbiting around a “black hole” that does not emit any
radiation and therefore cannot be directly seen or detected. It is also
similar to the reasoning used in the 19th century to infer the existence
of the planet Neptune in order to explain the observed motion of the
planet Uranus.. Even with generous account of the possib ility of such
dark matter, based on current inform ation the value of Ω can at most
be raised to approx imately 0.3, not quite the critical value of 1, but not
extremely far from it. At first sight, such large abundance of dark
matter may seem strange, but why most of the matter in the universe
must emit radiation so that they can be seen or directly detect able?
There are various theories for what consti tutes dark matter, but it
remains as one of the most important unsolved questions in astrop ‐
hysics and cosmology.. What is the signif icance of the value of Ω
with respect to the existence of our universe and life as we know it?
If Ω were signif icantly smaller than 1, then not only that the universe
would expand forever, the gravit ational pull would be so small that
expansion would occur so rapidly that galactic matters would be so
far apart and galaxies would not be able to be formed, with a
corollary that planets and life as we know it would not be able to
exist. On the other hand, if Ω were signif icantly larger than 1, then
the universe would quickly collapse before there was time for any
intere sting evolution of galaxies, planets, and life as we know it..

4. λ: cosmol ogical constant

λ: When Einstein first formulated his field equation in general
relativity in 1916 to describe the universe, he found that the
solutions of his field equation would lead to a non-static univer ‐
se, i.e., the universe would either contract or expand. Since the
general thinking at that time (in the latter part of the 1910 decade or
the early part of the 1920 decade) was that the universe should be
static (remember that this period was before Hubble’s observ ations
that the universe was expand ing), Einstein introduced an extra term
in his equation, called the cosmol ogical constant term containing the
cosmol ogical constant λ. By adding this term and with the proper
choice of the value of λ, his equation could lead to a static universe..
However, in 1922, the Russian mathem atician Alexander Friedman
showed that Einstein’s fix is unstable, like balancing a pencil on its
point, and therefore really doesn’t lead to a static universe.

 

4. λ: cosmol ogical constant (cont)

When in 1929 Hubble discovered Hubble’s Law that the universe is
expanding, Einstein regretted that he ever introduced the cosmol ‐
ogical constant term and called that action the “biggest blunder” of
his life. [Note: Since without the lamda term, Einstein’s equation can
also lead to an expanding universe, so why do we need to introduce
the lamda term in an ad hoc way. That was why Einstein thought
that doing that was a big blunder.]
The common belief in the 1970s and 1980s was that the expansion
of the universe should slow down with time due to the continued pull
of gravit ation from all the matter in the universe. In the decades of
the 1990s and 2000s, a series of observ ations of very bright stars
called supernova was carried out to try to show that. [One of the
leaders of this research was a physicist from the Lawrence Berkeley
Laboratory of the University of California at Berkeley.] It was a great
surprise that these observ ations found that not only that the universe
is expanding, but its expansion is accele rating, i.e., the expansion
speed is increasing instead of decreasing with time. The magazine
Science rated this as the number-one scientific discovery of 1998 in
any field of research. This led to a revival of the need for the cosmol ‐
ogical constant term, with this term repres enting perhaps a new form
of matter or energy that is gravit ati onally repulsive, unlike the dark
matter of the previous section. Adding such a term could lead to an
accele rating expanding universe. Such explan ation is very tentative
and much more work remains to elucidate this mystery!. From other
astron omical observ ations, the current estimated value for λ is
around 0.7, which is also consistent with the supernova observ ations
of an accele rating expanding universe. A much larger value for λ
would mean that the universe would have expanded rapidly even in
its early stages. Therefore, there would not be sufficient time for
stars, galaxies, planets to form, and therefore would have precluded
life as we know it. On the other hand, a much smaller value for λ
would not lead to catast rophic conseq uences in terms of the
formation of stars, galaxies, planets, and life; it only means that the
expansion of the universe will slow down..
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5. Q:

Q: After the Big Bang as the universe expanded, matter was
randomly distri buted in space, which means that there were
areas which were more densely populated and areas which
were less densely popula ted. In the more densely populated areas,
there would be stronger gravit ational attrac tions between various
matters. So over time, these cluste rings of matter would become
bigger and bigger and would eventually form stars, galaxies, and
clusters of galaxies, all are held together by gravity.
How tightly these structures are bound together is tied to the physical
and biological evolution of the universe. If they were very tightly
bound, i.e., it would take a lot of energy to break them up and
disperse them (or Q as defined two paragraphs later is very large),
then clustering would occur earlier and more likely to stay together.
This would mean that it would take less time for the universe to
evolve to the current structure. Stars and galaxies would be more
closely packed, and they would more likely collide with each other,
thus decreasing the chance to retain stable planetary systems and
therefore less likely for life as we know it to exist.. On the other hand,
if they were very loosely bound, i.e., it would not take a lot of energy
to break them up and disperse them (or Q as defined in the next
paragraph is very small), then clustering would be less likely to occur
or to stay together. This would mean that it would take more time for
the universe to evolve to the current structure. There would not be
sufficient time for stars, galaxies, and planets to form, and then for life
as we know it to develop and evolve.
The measure of the strength of these bonds among galactic
matter to form clusters (stars, galaxies, and clusters of galaxies)
is called Q = the amount of energy, as a proportion to their rest
mass energy, needed to break up and disperse the cluste rs.

For our universe, Q is estimated to be 10-5. As explained in the
two previous paragr aphs, if Q were much larger or smaller than
10-5, then life as we know it would not exist.

6. D: the number of dimensions in our universe

D = the number of dimensions in our universe = the number of
physical dimensions plus the dimension of time. 
We are used to thinking that we live in a world of four dimens ions,
with three spatial directions and one time dimension with an arrow.
But why are there only three spatial dimens ions?
One conseq uence of a three- dim ens ional spatial world is that forces
like gravity and electr icity obey an invers e-s quare law, such that the
force from a mass or charge is four times weaker if you go twice as
far away.

 

6. D: the number of dimensions in our universe (cont)

This can be illust rated by a graphical method (first pointed out by
Michael Faraday, a pioneer in the study of electr icity). If you
envisage lines of (elect rical or gravit ati onal) force emanating from
every charge or mass and the strength of the force is propor tional to
the concen tration of the force lines. At a distance r, the force lines
are spread over an area of (π x r2). At a distance 2r, the force lines
are spread over an area of [π x (2r)2] = 4πr2. Since in both cases,
the number of force lines is identical, the force at a distance of 2r is
thus four times weaker than the force at a distance of r. However, in
a four-d ime nsional spatial world, the force lines would now be
spread over the volume of a sphere (instead of the area of a circle)
which is propor tional to r3, thus the force at 2r would be eight times
weaker than at r, and not consistent with the physical electrical and
gravit ational forces we observe in nature.. The author Rees provides
another reason for a three- dim ens ional world: “Another reason for a
three- dim ens ional spatial world is the stability of orbits in our solar
system, in the sense that a slight change in a planet’s speed would
only nudge its orbit slightly. But this stability would be lost if gravity
followed an invers e-cube (or steeper) law rather than one based on
inverse squares. An orbiting planet that was slowed down – even
slightly – would then plunge ever faster into the sun, rather than
merely shift into a slightly smaller orbit, because an invers e-cube
force streng thens so steeply towards the center; conver sely, an
orbiting planet that was slightly speeded up would quickly spiral
outwards into darkness.. ”Are there arguments against a world with
fewer than three spatial dimens ions? In a two-di men sional spatial
world, it is impossible to have a compli cated network without the
wires crossing. This would make it essent ially impossible to create
commun ication networks or physio logical circul atory networks.
Similarly, you cannot have a channel through an organ (e.g., a
digestive tract) without dividing the organ into two. The restri ctions
are even more severe in a one-di men sional spatial world.
Can we live in a universe where the fundam ental physical laws at
the time of the Big Bang have more dimensions than four, and then
these physical laws “simplify” to our current four-d ime nsional world
shortly after the Big Bang? To address this question, we will first
discuss the grand unific ation of the forces of nature. Almost 150
years ago, Maxwell was able to provide a unified descri ption of the
electric force and the magnetic force into a single set of equations
that describe both forces, now called the electr oma gnetic force.
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6. D: the number of dimensions in our universe (cont)

The introd uction of quantum mechanics and especially the advances in
the last 60 years seem to have led first to a quantum mechanical
unified field theory of the electr oma gnetic force, called Quantum Electr ‐
ody namics. Then it led to a quantum mechanical unified field theory of
the electr oma gnetic force and the weak force, called the Standard
Electr oweak Theory. Similar type of field theory may also have the
potential to provide a quantum mechanical field theory of the strong
force, called Quantum Chromo dyn amics, thus leading to the hope that
such field theories may be able to provide a unified descri ption of the
electr oma gnetic force, the weak force, the strong force, and perhaps
also the gravit ational force..
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