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1. Introduction

After a brief reflection on the negative reception of the Big Bang theory for its implications on the
uncomfortable existence (for the dominant scientific materialism) of a first cause for the origin
of the observable universe (universe from now on), a formal scenario is introduced in which
precisely the necessity of a first external cause to explain the origin of the universe is proved in
formal terms, where external cause means a cause that cannot be established by the scientific
knowledge constructed from within the universe itself, which is the only knowledge with which
our science can be built.

2. A short note on the Big Bang

A century after the first publications by A. Friedmann and G. Lemaître [6, 7, 14, 15, 16, 17, 18]
on the foundations of the theory that would end up being known as the Big Bang (the initially
derisive name by which F. Hoyle referred to it in 1949), this is the cosmological theory almost
unanimously accepted by today’s scientific community on the origin of the universe. But for
almost half a century the theory was not well received by the dominant scientific materialism of
that time (it still is in ours): the Big Bang suggested an act of initial creation, as opposed to the
dominant idea since Greek times of a stationary and eternal universe. And yet the Friedmann-
Lemaître theory had been deduced from Einstein’s general relativity.

Things began to change with the experimental and accidental discovery in 1964 by A. Penzias
and R. Wilson of the cosmic microwave background radiation, radiation that Lemaître called
"l’éclat disparu de la formation du mondes" (quoted in [23, p. 67] and whose existence had also
been announced by G. Gamow [8]. A new experimental discovery, the expansion of the universe
detected through the redshift of the frequencies of the light coming from the different galaxies
(Hubble-Lemaître Law) finally consolidated the necessity of an initial Big Bang for the origin of
the universe. There is, of course, an abundant literature on the Big Bang, e.g. [10, 26, 13, 9,
1, 11, 5, 12, 25, 24] etc.

The Big Bang put an end to the idea of a stationary and eternal universe. But at the same time
that scientific materialism accepted its almost inevitable reality, the Big Bang was completed
with other theoretical speculations with the sole objective of making this original act of creation
unnecessary. Thus, infinite cycles of Big Bangs and Big Crunches, infinite universes, universes
arising from a fluctuation of nothing, etc., appeared. However, and as will be seen in this
article, it is possible to formally demonstrate that the universe must necessarily have a first
cause external to the universe, a first cause that cannot be established from the knowledge
constructed from within the universe itself. In what follows, the formal necessity of that first
cause external to the universe is demonstrated simply by making use of the two fundamental
laws of logic and of an inductive principle of the maximum empirical evidence.
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3. The formal scenario

The following discussion is based on three primitive and unproven statements: the first two
laws of logic and the following inductive principle which, taking into account that for most of
the history of the universe there were no rational observers, generalizes and extends the Second
Law of thermodynamics:

Principle 1 (of Directional Evolution) The observable universe always evolves independently
of its rational observers and in the same direction of increasing its global entropy.

where the term entropy could be replaced by the term isotropy [19, pdf]. It is immediate to
recognize in the statement of the above principle a universal generalization of the Second Law
of Thermodynamics [2, p. 547]:

The entropy of a closed system increases with time.

A law that was not initially well received, although it was eventually declared by A. Einstein
to be the first law of all the sciences [4]. From the above Principle of Directional Evolution the
following two results can be immediately deduced:

Theorem 1 (of the Consistent Universe) The universe evolves under the control of a unique set
of invariant and consistent physical laws.

Proof.-If the physical laws governing the evolution of the universe were not a unique set of
invariant and consistent physical laws, changes would occur with the same frequency in all
directions, and no progress would be possible in any of them. So, directional evolution would not
be possible, which goes against the Principle 1 of Directional Evolution. So then, the universe
evolves under the control of a unique set of invariant and consistent physical laws. �

Theorem 2 (of Formal Dependence) No proposition proves itself; no concept defines itself; no
object or physical process is the cause of itself; and no cause is the cause of itself.

Proof.-If propositions proved themselves, then any proposition could prove itself, and consistent
sets of laws would be impossible, which goes against Theorem 1. If concepts defined themselves,
their meanings would be inaccessible to human knowledge, and they could not be used to
establish the natural laws that we can only establish with those concepts, which also goes
against Theorem 1. If physical objects, processes and causes were the cause of themselves,
then anything could exist and anything could happen, so that the directional evolution of the
universe would be impossible, which goes against the Principle 1 of Directional Evolution. �

Although the following theorem is exclusively mathematical, it is of great importance in the
consistency of mathematics, and therefore in the consistency of the physical theories that are
constructed with such infinitist mathematics (the interested reader can find another forty proofs
in [20]). From here on, the word infinity will always refer to the actual infinity, not to the potential
infinity (a definition of both infinities can be found in [20, Chapter 4. Pdf]). The proof makes
use of the following formal elements, most of which are taken from [22].

Definition 1 (of Successors and Predecessors) In strictly ordered sets, all elements that, in the
ordering of the set, follow (precede) a given element of the set, are its successors (predecessors).
If between the given element and one of its successors (predecessors) there is no other element,
then this successor (predecessor) is the immediate successor (predecessor) of the given element.

Definition 2 (of Complete Totality) A complete totality is a set defined by comprehension in
which every element that satisfies the corresponding membership definition of the set is in the
set.

In consequence, to a complete totality of a certain type of elements, it is not possible to add new
elements of that type because it already contains all of them.

Definition 3 (of the Types of Sets) A set is finite if it has a definite and finite number of ele-
ments. A set is potentially infinite if it always contains a finite number of elements of a certain
type and any finite numbers of new elements of that type can always be added to it, without the
set ceasing to be potentially infinite and without it being necessary to change its name. Two sets
are equipotent (have the same number of elements) if, and only if, there is a bijection between their
respective elements.

Definition 4 (of Infinite Set) A set is infinite if it can be put into one-to-one correspondence with
one of its proper subsets.
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This is the well-known Dedekind’s definition of infinite set [3, p. 115]. But giving a definition
of infinite set does not justify its existence, so we need an axiom that formally legitimizes that
existence: the Axiom of Infinity, which can be expressed in different more or less abstract ways,
but all of them compatible with the following ordinary language expression :

Axiom 1 (of Infinity) There exists at least one infinite set.

Where an infinite set is one that satisfies Dedekind’s definition of an infinite set (Definition 4).

Definition 5 (of the Types of Infinities) The actual infinity is the infinity of the infinite sets.
The potential infinity is the infinity of the potentially infinite sets.

Definition 6 (of Inconsistent Set) A set is inconsistent if a contradiction can be deduced from
the number of its elements, or from the number of elements of at least one of its proper subsets.

Corollary 1 (of Inconsistent Set) A set with the same number of elements as an inconsistent
set, is also inconsistent.

Proof.-It is an immediate consequence of Definition 6

Definition 7 (of Denumerable Set) A set is denumerable if its cardinal is the smallest infinite
cardinal ℵ0 of the infinite set of all natural numbers. An infinite set is non-denumerable if its
cardinal is greater than the smallest infinite cardinal ℵ0.

Cardinals greater than ℵ0 are, for example, 2ℵ0 or ℵ1.

Definition 8 (of ω-Ordered Sets) A set is ω-ordered if being denumerable, it has a first element,
each element has an immediate successor and an immediate predecessor, except the first one
which has no predecessor.

Now it is Immediate to Prove the Following Results:

Theorem 3 (of the Axiom of Infinity) The infinity subsumed in the Axiom of Infinity can only
be the actual infinity.

Proof.- Since potentially infinite sets do not exist as complete totalities (Definitions 2 and 3), only
two proper subsets with the same number of elements of the same potentially infinite set could
be put into one-to-one correspondence, and then we would have a one-to-one correspondence
between two proper subsets of a potentially infinite set, instead of a one-to-one correspondence
between a set and one of its proper subsets, as required by the definition of an infinite set
(Definition 4). Therefore, the potential infinity cannot be the infinity of an infinite set. Only the
actual infinity can be the infinity of the infinite sets whose existence is established by the Axiom
of Infinity. �

Theorem 4 (of Denumerable Sets) There is always at least a one-to-one correspondence be-
tween any two denumerable sets.

Proof.- Let A and B be any two denumerable sets. Assume there is no one-to-one correspondence
between their respective elements. In consequence, A and B would not have the same number
of elements (Definition 3), which is not the case because, being both denumerable sets, they
have exactly the same number of elements: just ℵ0 elements (Definition 7). Therefore, there
must be at least a one-to-one correspondence between the sets A and B, and then between any
two denumerable sets. �

Theorem 5 (of non Denumerable Sets) Every non denumerable set has denumerable proper
subsets.

Proof.- Let X be any non-denumerable set. Since its cardinal is greater than ℵ0 (Definition 7),
X contains proper subsets with only ℵ0 elements, all of which are denumerable proper subsets
of X (Definition 7). �

Theorem 6 (of Indexation) The elements of a denumerable set can be reordered with the same
order as the elements of any other denumerable set.

Proof.-Let A = {a, b, c, . . . } and B = {α, β, . . . } be any two denumerable sets. There exists at
least one bijection f between the elements of A and B (Theorem 4). Consequently, f pairs each
element k of A with a unique and exclusive element, say δ, of B, which can be used to exclusively
index that element k of A, so that element k can be rewritten as aδ. Consequently, the elements
of the set A can be reordered and rewritten to define the set A′ = {aα, aβ , aγ , . . . } which has
exactly the same elements as A, and ordered in the same way as the elements of B. �.
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The infinity of infinite sets is the actual infinity, not the potential infinity (Theorem 3 of the
Axiom of Infinity). This implies the existence of certain infinite sets that are also complete
totalities (Definition 2). For example the set N of ALL natural numbers in their natural order
of precedence. It is not possible, then, to add new natural numbers to the set N of natural
numbers because it already contains them all. And the same is true of many other numerical
or non-numerical sets. For many authors, the existence of these ordered and complete totalities
without a last element that completes them (or without a first element that initiates them) is
a proven conclusion independent of the Axiom of Infinity. It is not. It is an existence assumed
and legitimized by the Axiom of Infinity. Their existence is, therefore, as debatable as the Axiom
of Infinity itself. So it is as legitimate to argue about that axiom as it is to argue about the
existence of those complete totalities. This fully justifies the following:

Theorem 7 (of the Denumerable Infinity) The denumerable sets are inconsistent.

Proof.- Let A be any denumerable set. The set A allows us to define the set A′ with the same
elements as A but reordered as the set N of natural numbers in their natural order of precedence:
A′ = {a1, a2, a3, } (Theorem 6). The open interval of rational numbers (0, 1) is densely ordered
in the natural order of precedence (represented by the symbol <) defined by the natural values
of the rational numbers. It is also a denumerable set, so there exists a bijection f between A′

and (0, 1) (Theorem 4). Consequently, (0, 1) can be reordered and rewritten as the set Q01 =
{qa1

, qa2
, qa3

, . . . }, where qai
= f(ai),∀ai ∈ A′, and the successive elements qa1

, qa2
, qa3

, . . . of Q01

are ordered by the successive natural numbers in their natural order of precedence, and not by
their respective values as rational numbers. Let x now be a rational variable defined initially as
qa1

. And let the value of x be <-compared (i.e., compared according to the values of the rational
numbers) with the successive elements of the set Q01, with x being redefined as the compared
element qai

if, and only if, qai
< x.

For short, let us call comparison* this <-comparison and redefinition of x if, and only if, the
value of the compared element is smaller than the current value of x. It is immediate to prove
that for each natural number v it is possible to perform the first v comparisons* of x with
the first v successive elements of Q01. Indeed, if it were not possible, there would be at least
one natural number n ≤ v such that x could not be compared* with qan

, which is impossible
because qan

is a rational number of Q01 that can be compared* with the current value of x, which
is also a rational number. Once all possible comparisons* of x with the successive elements
qa1

, qa2
, qa3

, . . . of Q01 have been made, the current value of x, whatever it may be, could only be
the smallest rational number of that set. Indeed, if once performed all possible comparisons*
of x with the successive elements of Q01 the current value of x were not the smallest rational
number of Q01, there would be at least one element qan

in Q01 such that qan
< x. But that is

impossible because n is a natural number; the first n comparisons* have been carried out; and
therefore x was compared* with qan

and redefined as qan
; and in all subsequent comparisons*,

x could only be redefined with values smaller than qan
. Therefore, it is impossible for qan

< x.
But, on the other hand, it is also immediate to prove that once all possible comparisons* of x
with the successive elements of Q01 have been made, the current value of x is not the smallest
rational number of that set: every element of the infinite set {x/2, x/3, x/4 . . . } is an element
of Q01 smaller than x. This contradiction proves that the set A′, defined exclusively with the
elements of A, is inconsistent. Therefore A′ and A are inconsistent (Definition 6). And A being
any denumerable set, it must be concluded that all denumerable sets are inconsistent. �

Although the consistency of a mathematical proof of infinite steps is universally accepted with-
out the need to perform all of its infinite steps, the theory of supertasks considers the possibility
of performing them in finite time. In the case of the above successive comparisons* of x with
each successive qai would be performed at each successive instant ti of a strictly increasing and
convergent sequence 〈ti〉 of instants within the finite time interval (ta, tb), whose limit is tb. The
instant tb is the first instant after all instants of 〈ti〉, and therefore the first instant after having
performed all possible comparisons* of x with the successive elements of Q01. At the instant tb
the rational variable x will still be a rational variable with a certain value, whatever it is; and
not, for example, an elephant (in which case anything could be proved). The problem is that the
value of x at the instant tb is and is not the least rational of Q01. From the previous theorems,
we can immediately deduce, among many others, the following results:

Corollary 2 (of ω-Ordered Sets) All ω-ordered sets are inconsistent.

Proof.-Since all ω-ordered sets are denumerable (Definition 8), all of them are inconsistent (The-
orem 7). �

Corollary 3 (of Inconsistent Infinite Sets) All infinite sets are inconsistent.
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5 The origin of the universe: a formal proof

Proof.Let X be any infinite set. If X is denumerable, then it is inconsistent (Theorem 7). If
X is non-denumerable, then it has denumerable proper subsets (Theorem 5), all of which are
inconsistent (Theorem 7). Consequently X is inconsistent Definition 6). Therefore, all infinite
sets are inconsistent. �

Corollary 4 (of the Inconsistent Axiom of Infinity) The axiom of infinity is inconsistent.

Proof.-This is an immediate consequence of Corollary 3. �

Theorem 8 (of the Actual Infinity) The actual infinity is inconsistent.

Proof.-The actual infinity is the infinity subsumed in the Axiom of Infinity (Theorem 3). That
axiom only establishes the existence of at least one infinite set, and therefore of a set whose
only declared property is that of being actual infinite (Axiom 1). But the Axiom of infinity is
inconsistent (Corollary 4). Therefore, the existence of a set whose only declared property is that
of being actual infinite is inconsistent; which is only possible if the actual infinity (Definition 5)
is inconsistent. �

Corollary 5 (of Infinite Divisibility) The actual infinite divisibility of any formal or physical ob-
ject is inconsistent.

Proof.- From the actual infinite divisibility of any formal or physical object can only result an
inconsistent infinite set of parts (Corollary 3). So that actual infinite divisibility is inconsistent.
�

Theorem 9 (of the Inconsistent Continuum) The spacetime continuum is inconsistent.

Proof.- Being R the set of all real numbers, the spacetime continuum is, by definition, the
Cartesian product R4 = R×R×R×R of all quadruples of real numbers (x, y, z, t). And since R is
an infinite set (Definition 4), it is inconsistent (Corollary 3). Therefore, the spacetime continuum
R4, of which R is a part, is also inconsistent (Definition 6). �

4. The origin of the universe

From the formal scenario introduced in the previous section, the following results can be im-
mediately deduced:

Theorem 10 (of the Finite Entropy) The entropy of the observable universe is finite.

Proof.-Suppose that the entropy S of the observable universe is infinite, and let u be any finite
unit of entropy. Since the quantity n×u is always finite for any finite number n, the number of u
units of entropy contained in the entropy S of the observable universe could only be an infinite
number. Therefore, the set of all those u units of entropy contained in S would be an infinite
set and therefore inconsistent (Corollary 3 of the Inconsistent infinity), which is impossible in
a consistent universe (Theorem 1 of the Consistent Universe). Therefore, the entropy of the
observable universe can only be finite. �

Theorem 11 (of non-Eternal Universe) The observable universe cannot be eternal.

Proof 1.-If the universe were eternal then it would be possible to define an infinite set of instants
each separated from the next one into the past by, say, one second. Such a set of instants would
thus be an infinite set, and therefore inconsistent (Corollary 3 of infinite sets). Consequently,
the eternal universe would contain inconsistent sets, which is impossible if the universe is con-
sistent (Theorem 1 of the consistent universe). Therefore, the universe cannot be eternal. �

Proof 2.-Since entropy grows towards the future (Principle 1 of Directional Evolution), it de-
creases towards the past. Considering that the total entropy of an isolated system such as the
universe cannot be negative, and its present value being finite (Theorem 10), the entropy of the
universe would reach its minimum possible value in a finite time from the present and into the
past. Therefore the universe cannot be eternal. �

Theorem 12 (of the First Cause) The observable universe had an origin whose cause is exter-
nal to the universe itself and scientifically unknowable.

Proof.- Since it is not eternal (Theorem 11 of the Non-Eternal Universe), the universe must have
had an origin. And the cause of that origin must have been external to the universe itself;
otherwise, the universe would be an object that causes itself, which is impossible (Theorem 2,
of Formal Dependence). If instead of a single cause for the origin of the universe there was a
succession of causes, that succession could not be infinite and consistent (Corollary 3 of infinite
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6 References

sets), nor could that succession originate itself (Theorem 2, of Formal Dependence). Finally, the
universe could not have originated from a fluctuation of nothingness, because then, contrary to
the First Law of logic, nothingness would not be nothingness but something with the capacity
to fluctuate and create universes, and that something could not originate itself either (Theorem
2, of Formal Dependence). In all cases, we would have a cause external to the object whose
origin we are trying to explain, and being an external cause to that object, that external cause
cannot be explained in terms of scientific knowledge extracted from within that same object.
Therefore, the cause of the origin of the universe is scientifically unknowable. �

5. Alternatives

From Aristotelian times until well into the twentieth century, the universe was believed to be
eternal. But the Big Bang theory suggests an origin of the universe, and the origin of the
universe suggests something that neither scientific materialism nor political materialism was
willing to accept. Hence the rejection of the Friedmann-Lemaître theory. In the second half
of the 20th century the experimental observation of the universe 1 only confirmed that the
universe began with something that onomatopoeically could be described as a Big Bang, as
a kind of outburst of something that Lemaître called the "primitive atom" [18], something of
enormous density and temperature. Although, as is well known, physics cannot describe the
actual origin of the universe, but what must have happened from 5.39124× 10−44 seconds later.

But the rejection of an origin for the universe continues in our days with the proposal of
theories that try to dodge the thorny issue of its origin. These theories can be divided into
two groups: those that make use of infinity (infinite universes or infinite cycles of creation
and destruction of universes) and those that defend its origin from nothing. The first group of
theories faces the inconsistency of the actual infinity. The second group faces the First Law of
logic (Principle of Identity), because nothingness would have to be different from nothingness,
it would have to be something with the capacity to create universes (see [21, pdf]
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