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Abstract

Schrodinger considered the amount of clumped matter necessary for life to
be viable given statistical energy fluctuations about a thermal equilibrium. An
overview of his take on a moderately large system of atoms serves as a means
to reintroduce the reader to some undergraduate level notions of entropy and
associated notations. We pick out the concept of Shannon’s Missing Informa-
tion, SMI in this context and then ask for comparable measures on scale of the
Universe. This takes the form of Universe’s angular momentum in units of the
Planck’s constant, h. That is, the dimensionless ratio of its inertial mass-energy
to its Planck energy, [hf ] in which the Hubble expansion parameter acts as a fre-
quency. In light of Landau’s complexion concept we consider the Universe’s net
galactic handedness, deriving an order of magnitude formula for the Universe’s
tangential speed about its axis of rotation. Application of Boltzmann’s equa-
tion then shows us what we know: the Universe’s entropy increases with falling
temperature. Further simple dimensional analysis and the use of Dirac’s large
number hypothesis shows how this definition of the Universe’s entropy relates
to a decay in Newton’s gravitational constant, G.
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The laws of physics and physical
chemistry are innaccurate within a
probable relative error of the order
of 1/

√
N , where N is the number of

of molecules that co-operate to
bring about that law.
Schrodinger, What is Life?[1]

Schrodinger’s large Number ∼ 1/
√
N stability

We will outline here, Schrodinger’s[1] order of magnitude rule, which illustrates
that mere probabilistic statistical physics can make definitive quantitative state-
ments about suitably macroscopic systems, [4] by illustrating the increasing
relative stability in energy terms as the number of constituents of the system
increases (from the body at 1027 to the universe comprising 1080 protons). It
serves also as a refresher of terminology and the notation to be deployed in sub-
sequent considerations.

Clumped matter that metabolises is relatively stable energeticlly speaking.
It needs to be comprised of a sufficient number of molecules to have a suffi-
ciently small variance in its relative energy. As Schrodinger tells us an organism
must have a comparatively gross structure in order to enjoy the benefit of fairly
accurate laws, both for its internal life and for its interplay with the external
world. He reminds us of the necessity for lots of particles to clump together to
overcome the inherent inaccuracy of laws that might otherwise deterministically
govern macrostates comprised of a multitude1 of equivalent microstates. We
can formalise this a little with a whistle-stop tour of the work of Boltzmann by
writing down the mean energy, Ē of a system immersed in its heat bath,

Ē =
∑
r

prEr = −∂ lnZ

∂β
. (1)

Here Er are the rth state energies of the system delineated by the discrete
set of microstate labels, 1, 2, .., r... The Temperature parameter, β = 1/kT is
the Lagrange multipler that Boltzmann introduced in order to determine the
maximum Entropy, S over a distribution of microstates, Ω(n). Here Z is a
normalization constant Z =

∑
r e

−βEr - called the partition function of the
system - being the denominator in Boltzmann’s distribution,

pr =
1

Z
e−βEr . (2)

This distribution gives the probability that a system, when placed in a heat bath
of Temperature, T will be in a particular state, r. For our purposes the details
of the foregoing are lss important than the following observation: the energy
of the macrostate is only a mean Energy. A biological system in the heat bath
of the Earth’s biosphere will have a distribution of energies over which it can
viably fluctuate around this mean.

1Indeed effectiively infintude for a big enough system of interacting particles
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This energy variance defined by (∆E)2 ≡ (E − Ē)2 = E2 − Ē2 can be found by
differentiating lnZ with respect to β twice so that:

(∆E)2 =
∂2 lnZ

∂β2
= −∂Ē

∂β
= −dT

dβ

∂Ē

∂T
=: kT 2C. (3)

Here we have defined the heat capacity of the system, C ≡ ∂Ē/∂T at constant
volume. We have then the relative fluctuation in energy as,

(∆E)

E
=

(kT 2C)1/2

Ē
. (4)

Now quantities which are proportional to the Number size of the system are
called extensive variables. Boltzmann introduced the notion of entropy (with
his constant, kB as

S = S(E, V,N) = kB ln Ω(n), (5)

as a logarithmic function2 of the statisical weight (with n microstates)

Ω(n) ≡ Ω[E(n), V,N ] :=
N !

n!(N − n)!
(7)

because as such S embodies this proportional-to-size dependence. Boltzmann’s
entropy, (5) is Shannon’s measure of Missing Information, SMI = −Σpilog2pi so
that

S = (kB ln 2)SMI . (8)

The macrostate of N identical weakly interacting systems is enumerated by their
energy levels εi and occupation numbers ni. For large N the most probable state
dominates. The amount of energy, E is shared between the N identical systems
and the sum of the occupation numbers must be equal to the number of weakly
interacting identical systems,∑

i

niεi − E = 0 and
∑
i

ni −N = 0 (9)

Both C and Ē are extensive quatities being proportional to the number of mol-
cules, N in the system while T is an intensive variable, independent of the size
of N . Accordingly we have our assertion of Schrodinger that (4) reads

(∆E)

E
∼ 1√

N
(10)

If the relative fluctuation of a macroscopic system is inersely proportional to the
Number of particles of which it comprises we can note that a DNA molecule
comprising 6 billion nucleotides of 34 atoms each at 1011 atoms has an energy
fluctuation of 1part in a million, (∆E)

E ∼ 10−6.

2It turns out to be more convenient to find an absolute maximum for ln Ω using method of
Lagrange multipliers on the two constraints (9).The maximum probability at n = N/2 follows from
differentiating Ω with respect to n,

∂

∂n
lnΩ(n) =

1

Ω

∂Ω

∂n
= − lnn+ ln(N − n) = 0 (6)
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Dirac’s extensive metric measures

The observation that more distant galaxies are receding faster than nearer ones
is captured in the Hubble expansion formulae H0 ∝ (1/R)dRdt = Ṙ/R, for a Ricci
curvature Scalar, R. Following Dirac, this characteristic scale factor parameter is
the Cosmological metric radius of the universe at any epoch t as R(t) and we fix
its length such that at our present time, t = t0 we have R(t0) = 1. Noting that
expansion likely scales as some polynomial in t, R(t) ∝ tn we have Ṙ ∼ ntn−1

so that Hubble parameter scales as inverse time,

H0 ∼
ntn−1

tn
∼ t−1. (11)

Dirac pointed out, that the constancy or otherwise of a physical quantity de-
pends on the system of units used, such that the constancy of charge, masses of
electrons and protons, Plank and speed of light, e,me,mp, h, c presupposes the
use of fixed atomic unit measure. Thus from the same simple dimensional anal-
ysis that delivers the Planck length, lp = (hG

c3
)1/2 one can easily determine the

Mass of the Universe by correctly postulating that a power law expression com-
prising the speed of light, c Newton’s Gravitational, G and Hubble’s constant,
H0 governs its grand inertia, M ∼ cαGβHγ . Homogeneity of units constrains
the mass to be some multiple3 of,

M ∼ c3

GH0
. (12)

Rearranging and considering as Dicke does the possibility that G = G(t) we
have because of (11)

G(t) ∼ c3

M

1

H0
∼ t. (13)

Dirac’s Large Numbers

Dirac noted two numbers, D1,D2 that in natural units in which c = h = e = 1
are of similar order in magnitude, 1040

D1 =
c/H0

e2/mec2
=
mec

3

e2

1

H0
[∼ kgm3s−4A−2];

D2 =
e2

G

1

memp
[∼ A2kg−1m−3s4A].

(14)

D1 being roughly the ratio of the radius of the universe to that of the electron,
while D2 is the ratio of the electrostatic to gravitational attraction of the elec-
tron to the proton. Here me and mp are the mass of an electron and proton
respectively. A third number, D3, dimensionless in both standard and natural
units is thus:

D3 = D1D2 =
1

mp

c3

GH0
∼ 1080, (15)

which given (12), we see that,

D3 =
M

mp
, (16)

is the number of baryons (protons) in the universe.

3Twice as much if one solves for the Friedmann Walker metric using the full chicanery of General
Relativity
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Landau’s Complexions ∼ 1/
√
N probability

Landau and Lifshitz defined the number of complexions, Ω(N) as the number of
ways in which N = n1 + n2 particles can be divided into two groups n1 and n2

and is given by, Ω(N) = N !
n1!n2! . It is a measure of the number of states accessible

to the sytem. At equilibrium after sufficiently long a time we can see that Ω is
a maximum when n1 = n2 = N/2.

Figure 1: Removing barrier asymmetry in system will be destroyed in time.

A theoretical probability of occurrence is framed as an experimental probabil-
ity whose population distribution, over which the mean value is to be calculated,
is a suitably chosen ensemble at a definite time. The mean probability value then
changes with time. As long as we can assign probabilities to its various micro
states sufficiently accurately, a thermodynamic state may be designated even as
the system is still moving towards equilibrium. It is the case that a shard of
glass make take thousands of years to move to its equilibrium state of a crys-
talline structure. The initial conditions are forgotten en route to this devolved
most probable state, as any initial lack of symmetry (more particles in left than
right for example) is always destroyed in time. For a given N there exists an
n = N/2 that maximises the number of complexions Ω(n) and hence probability
pN which we see by noting (7) and

ΩT =
N∑
n=0

Ω(n) =
N∑
n=0

N !

n!(N − n)!
= 2N , (17)

so that as N increases the maximum Ω(N/2) increases while p(N/2) decreases.

pN (n) =
Ω(n)

ΩT
=

1

2N
N !

n!(N − n)!
(18)

The macroscopic state of equilibrium is the state in a small neighborhood of
n = N/2, using the Sterling’s approximation,

lnN ! ∼ NlnN −N or n! ∼ [
n

e
]n
√

2πn, (19)

reads as

pN (
N

2
) =

Ω(N/2)

2N
=

N !

2N [(N/2)!]2
∼

√
2

π

1√
N

(20)
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A spin on Shannon’s Missing Information

The angular momentum, L̂ of 10000 children’s spinning4 tops are to a photon,
hbar as our Milky Way is to our Solar system:

1. 10000 Spinning tops: 1034~,

2. Solar System: 3× 1077~,

3. Milky Way : 2× 10101~.

If the total angular momentum of the Cosmos were zero the rotational orien-
tation of galaxies should be random, such that over a large enough region of
space you look, one would expect to see galaxies spinning equally with clockwise
direction, and anticlockwise directionality. Consider that the universe as made
up of ∼ 2×1012, [10] virially stable galaxies such as the Milky Way of mass, Mg

rotating at a mean speed of v̄ with half-light effective radius, rE

Mg ∼
v̄2rE
G

. (21)

Koberlein, [8] discusses a zooniverse project of [11] which did not conclusively
deliver any net handedness in galaxy rotations. The expected fluctuation in
handedness about equilibrium isotropy for N ∼ 2× 1012 will, according to Lan-
dau be

(∆L̂U )

L̂U
∼ 1√

N
∼ 10−6 (22)

or
L̂U ∼

√
2× 1012 × 2× 10101~ ∼ 10107~ (23)

Other studies of [12] suggest such a fluctuation. Shamir’s, [12] analysis of SDSS
galaxies, indicates a difference between the number of clockwise and counter-
clockwise galaxies that grows with redshift. For galaxies with (redshift, z > 0.15)
a dipole fit is suggestive so that if galaxy spin directions indeed form an axis
of cosmological scale, that axis may might have a certain drift attributed to an
axis shift.

Figure 2: Dipole moment suggesting galaxy spin asymmetry

4One might speculate as to whether the hidden discretization of (bosonic) spin is an inherited
characteristic from the rotation of our local collapsed nebulae. Mach’s principle tells us that the
dizziness we feel when we spin is due to our relative rotation with respect to (the most causally
connected) distant galaxies. Is there more than just a distinction of words in the apparently equivalent
descriptions of our relatively spinning nature?
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The CMBR power spectrum and the apparent large void it posseses is also
suggestive of net rotation.

Figure 3: The great void of the CMB as axis of rotation?

To answer what then of the angular momentum of the universe, recall that
the second moment of mass (moment of inertia) is I =

∑
imir

2
i and we have for

a sphere of homogenous and isotropic density a moment of inertia, I of

I =
2

5
MR2. (24)

The power spectrum of the CMBR, represents the anisotropy of modal intensities
versus decreaing angular scale regions of the sky. The largest scale, low multipole
modes 1 on the left of the graph being artefacts of the early universe, [9]

Figure 4: Monopole, l=1 and Dipole, 1=2 moments are early universe CMBR modes

The monopole fundamental mode has a length scale determined by the speed
at which light traverses the Universe’s initial expanding shell. For a universe at
a scale R we have for the fundamental R = c

H0
. If the universe of R ∼ 4×1026m

and M ∼ 1053kg is rotating about an axis with an angular velocity, ω = v
R =

vHo
c = 2π 1

T we have its angular momentum and acceleration by (23) as

L̂U = Iω =
2

5
MR2ω =

2

5
MvR ∼ 10107~,

v =
5

2

1

MR
L̂U =

5

2

G~
c3

H0

R
× 2× 10107 = l2p

H2
0

c
× 10108

a =
v2

R
= l4p

H0

c3
× 10216 = { lp

R
}4cH0 × 10216 ∼ 10−39ms−2.

(25)
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Entropy of the Universe

Consider now the ratio of the inertial mass-energy of the universe, Mc2 to its
Planck energy, hH0. That is, a dimensionless number independent of Newton’s
Gravitational constant, G that we shall refer to as the microstates or Shannon
Information content of the universe, SMI ,

SMI =
Mc2

hH0
. (26)

We note that as the dimension of Planck’s constant is h ∼ kgm2s−1, being the
units of angular momentum, L̂ ∼Mg × r, the Information content, SMI of the
universe can be thought as the Universe’s angular momentum, which for order
of magnitude purposes is L̂U = Mc2

H0
in units of the Planck’s constant:

SMI =
L̂U
h
. (27)

Now Boltzmann’s entropy formula in terms of Shannon information, SMI and
Boltzmann constant, kB reads, S = SMIkBln2. Substituting for SMI with our
quantised angular momentum expression we have

S = (
Mc2

H0
)
1

h
kBln2. (28)

We think of Boltzmann constant in terms that kBT is the amount of heat
required to increase the thermodynamic entropy of a system, in natural units,
by one nat. With the following quantised energy unit equality, kBT = hf and
on our grand Universal scale this reads as kBT = hH0. We have then that the
entropy of the universe increases as its temperature falls T−1,

S ∼ (Mc2)
kB
hH0

∼Mc2 1

T
. (29)

Making clear now the explicit dependence on H0, S ∼ (kB
Mc2

h ) 1
H0
, we note the

inverse time fall-off of the Hubble parameter, H ∼ t−1, such that S ∼ H−1
0 so

that,
Ṡ ∼ −H−2

0 . (30)

That is, we have that the fractional increase in the Universe’s entropy being a
function of the Hubble parameter drops over time according to

Ṡ

S
∼ −H

−2
0

H−1
0

∼ −H−1
0 ∼ −t. (31)

If we return to Dirac’s first two natural dimensionless numbers, and do as he
postulated that it is more than coincidental 5 that D1 ∼ D2 and equate them to
give

G ∼ ec3(
e3

m2
empc6

)H0. (32)

5Dirac’s Large Number Hypothesis motivates a time varying G, presumes a fixed constant of
proportionality, containing purely locally peculiar atomic Information remaining as such fixed at all
epochs, t so that G ∝ H0.
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If we do not equate them we note that given H0D1 = GD2 our expression for
Shannon Information reads thus

SMI =
Mc2

hG

D1

D2
. (33)

If we do insist on parity, we can now rewrite our entropy expression in terms

of a time changing G, Ġ
G ∼ −

t−2

t−1 = −t−1 so that the entropy of the universe is

S = (
kBe

hc
)[

e3

m2
emp

]G−1, (34)

being proportional to the reciprocal of Newton’s gravitational parameter, with a
proportionality constant being a ratio of the four fundamental (microscopically
inertial) constants kB, h, c, e multiplied by the charge to mass ratio of a protium
(hydrogen-1) anion.

Discussion

Narkilar [5] argues that the net electrical neutrality of the universe requires that
corresponding to D3 protons there are also D3 electrons. Once fused in a pre-
CMB plasma6 these are now separated in distinct Baryons and lepton types
according the complexion probability, (20). With N ∼ 1080 such an even split
is unlikely7 to the tune of 1 chance in 1040. Drawn from a random distribution
we can expect an excess of

√
D3 particles of one species over the other during

the period of equilibration, erroneously called recombination. At any one time,
that would result in a net electrical potential energy of magnitude,

Eep ∼
√
D3

e2H0

c
∼ D1

e2H0

c
(35)

which gives rise to
∆Eep ∼ 10−20Eep, (36)

corresponding to an aggregate electrostatic potential energy fluctuation8 due to
a net charge in the universe.

6What we discern as distinguishable light brightness and differentiation in colours adheres to (log)
power laws. Colours are indiscernibly the same over a small enough wavelength interval. What we
can distinguish across the COBE pictures of the CMB as more than noise we would not deem as
anything but noise across small enough neighbourhoods. COBE ring data

7There are uncountably many real (rational and irrational) numbers within a number line interval,
so the probability of choosing an irrational number in the interval has a probability measure of zero
even though the whole interval has some positive measure. So to a self-selecting universe adhering
to its own laws from an uncountably infinite set of possibilities, what is the appropriate probability
measure to ascribe a probability ‘odds to an observed behaviour?

8Narkilar was offering this explanation in the context of Hoyle’s Steady state model but the
argument seems no less apposite in an evolving universe
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