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This paper propose a conjuncture on the scaling laws of big bang based on superstring theory.
The study reveals that the higher dimensional universe will require more energy than the lower one.
If we assume that the universe will develop based on the minimum energy principle, then we will
have to ask a big question to all higher dimensional universe model, why the model does not satisfy
the minimum energy principle. The study also brings a question on how to define the physics units
in the 10-dimensional spacetimes? Does dimensional analysis still works to the superstring theory
by using the current seven basic units?
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In the history of cosmology, it soon became evident
that an expanding universe was once very much smaller
so small, in fact, that it was compressed down to a single
point (or, at least, a very small area). The theory that
the universe started from such a primordial point and
has expanded ever since is known as the big bang theory.
String theory will hopefully help physicists understand
more precisely what happened in those early moments of
the universe, so understanding the big bang theory is a
key component of string theorys cosmological work.

The tremendous explosion of the big bang released a
massive energy and makes the universe expanding. The
problem we may ask is how much the energy were re-
leased from the big bang. To answer this question, we
will attack the problem with the help of dimensional anal-
ysis and superstring theory.

Any physical relationship can be expressed in a dimen-
sionless form. The implication of this statement is that
all of the fundamental equations of physics, as well as
all approximations of these equations and, for that mat-
ter, all functional relationships between these variables,
must be invariant under a dilation of the dimensions of
the variables. This principle is the basis for a powerful
method of reduction, which is called dimensional analysis
and is useful for the investigation of complicated prob-
lems. (Buckingham [1],Bridgman [2]; Sedov [3]; Baren-
blatt [4]; Cantwell [5]; Sun [6]).

Often, dimensional analysis is conducted without any
explicit consideration for the actual equations that may
govern a physical phenomenon. From a physics point of
view, dimensional analysis is a universal method, which
can, of course, be used for the study of big bang. Our
belief is that no matter how complex the big bang, as
long as we can capture all the primary variables of the
problem, then we can formulate it by way of dimensional
analysis.

G.I. Taylor investigated point blast by using the di-
mensional analysis [7–9], and Sedov studied the same
problem independently [3]. The Taylor-Sedov scaling
laws for four dimensional spacetimes is useful in astro-

physics. However, the scaling laws for the ten dimen-
sional spacetimes of the superstring theory has not been
seen in the literature. We are going to adopt same idea
stems from Taylor and Sedov together with the super-
string theory to derive the scaling laws of the big bang.

According to the big bang theory, our universe is
thought to have begun as an infinitesimally small, in-
finitely hot, infinitely dense, something - a singularity.
After its initial appearance, it apparently inflated (the
”Big Bang”), expanded and cooled, going from very, very
small and very, very hot, to the size and temperature of
our current universe. It continues to expand and cool to
this day.

The singulary point can be viewed as single point, the
big bang explosion then can be considered as point blast.
Near the blast centre, both temperature and pressure are
extremely high, which will drive the wavefront travels
away from the centre at a high speed. Let ED be the
energy release of the big bang, ρ is undisturbed medius
outside of the wave front, R is radius of the spherical wave
front, γ is the ratio of heat capacities of the medius. If
we denote the dimensions of spacetimes as D, then the
dimensions of the big bang is listed table below.

TABLE I: Dimensions of point blast

R ED γ ρ t

L ML2T−2 1 ML−D+1 T

In the table, notations M, T and L are the dimension
of mass, time and length, respectively.

From dimensional analysis (Buckingham [1],Bridgman
[2]; Sedov [3]; Barenblatt [4]; Cantwell [5]; Sun [6]), we
can generate two dimensionless parameters Π, namely

Π1 = RE
− 1
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1
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1

D+1 (1)

Π2 = γ. (2)

According to the Buckingham theorem (Buckingham
[1],Bridgman [2]), the two Π must have a relation as Π1 =



2

S(Π2), where S is an unknown function. Then we obtain
the scaling laws of the big bang as follows

R = S(γ)

(
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ρ

) 1
D+1

. (3)

S(γ) ≈ 1.033 is universal constant [9].
For four dimensional spacetimes, D = 4, Eq.(3) gives

the Taylor-Sedov scaling laws, namely,
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and/or

E4 =
ρ

t2

(
R
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)5

= 0.85
ρ

t2
R5. (5)

which was obtained by both Taylor [7–9] and Sedov [3]
independently.
According to string theory [10–16], subatomic parti-

cles do not exist, instead, tiny pieces of vibrating string
replace them. Each string may be closed in a loop, or
open. Vibrations from the string correspond with each
of the particles and determine their size and mass.
In superstring theory, the massless photon, its mass

Mphoton is predicted to be proportional to 2 + 3(D −
2)(1 + 2 + 3 + ..+ n...), namely

0 = Mp ∼ 2 + 3(D − 2)(1 + 2 + 3 + ..+ n...). (6)

From Euler or Ramanujan summation [17], we have the
infinite summation

1 + 2 + 3 + ..+ n... = − 1

12
(7)

Substitute Eq.(7) to Eq.6), we have

2 + 3(D − 2)(− 1

12
) = 0. (8)

It gives D = 10, which has 9 spatial dimensions and 1
time dimension. The spacetimes in the superstring the-
ory has 10 dimensions, in which three of them are real

space dimensions, 6 of them are virtual ones (or Grass-
mann ones) and one dimension is time.

If we deal with the big bang explosion by the super-
string theory, then the dimensions of spacetimes will be
D = 10. The scaling laws of the big bang using the
superstring theory will be as follows

R = S(γ)

(
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ρ

) 1
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. (9)

This relation indicates the radius increase with the t2/11;
and energy release

E10 =
ρ

t2

(
R

S(γ)

)11

≈ 0.6997
ρ

t2
R11. (10)

This result shows that the energy release of the big bang
based on superstring theory is proportional to R11.

If you compare the Eq.(5) and Eq.(10), we can eas-
ily see that the energy release of 4-spacetimes and
10-spacetimes follows completely different power laws,
namely, E4 ∼ R5 and E10 ∼ R11. For same radius of
big bang, the ratio of them is

E10

E4
∼ R6,

{
E10 ≪ E4, R < 1,
E10 ≫ E4, R > 1.

(11)

E10 and E4 has a huge difference. Eq.(11) reveals that
the higher dimensional universe will require more energy
than the lower one.

If we assume that the universe will develop based on
the minimum energy principle, then we will have to ask
a big question to all higher dimensional universe mod-
el, why the model does not satisfy the minimum energy
principle.

The study also brings a question on how to define the
physics units in the 10-dimensional spacetimes? Does
dimensional analysis still works to the superstring theory
by using the current seven basic units?
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