Invariance, Numerology, and the Limits of Meaning
A Rigorous Examination of a Proposed Connection Between
the Collatz Conjecture and Leap Seconds in UTC-TAI

Abstract

A numerical coincidence has been proposed between the stopping-time behavior of the Collatz
iteration and the accumulated leap-second offset separating Coordinated Universal Time (UTC)
from International Atomic Time (TAI). Particular emphasis has been placed on the integer 27,
which appears both as the number of leap seconds added since the formal introduction of
UTC in 1972 (excluding an initial offset of ten seconds) and as a famously anomalous starting
value in Collatz dynamics. Further symbolic associations have been suggested involving the
caesium-133 hyperfine transition frequency defining the SI second. In this paper, we provide
a rigorous mathematical and philosophical analysis of these claims. We show that while the
numerical equalities involved are correct, they arise from post hoc alignment, representation-
dependent interpretation, and historically contingent definitions. We argue that meaningful
structure in mathematics and physics must be invariant under admissible transformations, and

we demonstrate that no such invariant relationship exists in this case.

1 Introduction

The Collatz conjecture occupies a peculiar position in mathematics. Its definition is elementary,
its statement requires no advanced machinery, and yet its resolution has resisted proof for decades.
Given a positive integer n, one defines an iteration that repeatedly halves even numbers and maps
odd numbers to three times their value plus one. The conjecture asserts that this iteration always
reaches the cycle (4,2, 1).

Separately, the modern system of civil timekeeping relies on a hybrid construction. Atomic
time, realized through ensembles of atomic clocks, provides a uniform and highly stable temporal
reference. Civil time, however, is historically tied to the rotation of the Earth. The compromise
between these two notions is Coordinated Universal Time (UTC), which is kept close to mean solar
time by the occasional insertion of leap seconds.

A proposal has been advanced suggesting that a deep connection exists between these two
domains, based on the observation that certain integers appearing in Collatz dynamics coincide
with integers appearing in the leap-second history of UTC-TAI. The goal of this paper is not to
dispute the numerical facts involved, but to examine whether these facts support a meaningful

mathematical or physical relationship.



2 The Collatz Map and Stopping Times
We begin by formalizing the relevant aspects of the Collatz iteration.

Definition 2.1 (Collatz Map). Define the map T : N — N by

n/2, if n is even,

3n+1, ifn is odd.

T(n) =

Definition 2.2 (Stopping Time). For n € N, define the stopping time N(n) to be the least k € N
such that T*(n) = 1, if such a k exists.

The Collatz conjecture asserts that N(n) exists for all n € N. Although unproven, extensive

computational evidence supports this claim.
Proposition 2.1. The integer 27 has stopping time N(27) = 111.

This fact is well known and often cited as the first dramatic example of irregular behavior in

Collatz trajectories.

3 Atomic Time, UTC, and Leap Seconds

We now describe the relevant features of modern timekeeping.
International Atomic Time (TAI) is a continuous time scale defined by atomic clocks. Coordi-
nated Universal Time (UTC) is derived from TAI but includes discrete adjustments, known as leap

seconds, to maintain alignment with the Earth’s rotation.

Definition 3.1 (Leap-Second Count). Let L(t) denote the number of leap seconds inserted into
UTC up to time t.

When UTC was formally introduced in 1972, it was defined with an initial offset of ten seconds
relative to TAI. This offset was chosen to ensure continuity with existing time signals and was not

dictated by any fundamental physical principle.

4 Observed Numerical Coincidences

The following numerical facts have been emphasized in the proposed argument.

Proposition 4.1. As of January 1, 2017, the total offset between UTC and TAI is 37 seconds,

consisting of an initial offset of 10 seconds and 27 leap seconds.

Proposition 4.2. Let C = 9192631770 denote the caesium-133 hyperfine transition frequency
defining the SI second. Then
N(C) = 222.



Corollary 4.1.
N(9192631770) =222 =2 x 111 =2 x N(27).

All of these statements are numerically correct.

5 Representation, Bases, and Numerical Value

It has been suggested that interpreting numerical symbols in different bases may add structural

meaning to these coincidences. This suggestion rests on a conflation of representation and value.

Lemma 5.1 (Base Invariance of Stopping Time). The stopping-time function N(n) depends only

on the numerical value of n and is invariant under changes of numeral base.

Proof. Changing the numeral base alters the symbolic representation of n but not the integer itself.
Since T is defined arithmetically on N, the trajectory of n under T is unaffected by representation.
O

Thus, interpreting a symbol such as “10” in different bases changes the problem rather than

revealing hidden structure.

6 Post Hoc Alignment and Origin Dependence

The central coincidence relies on identifying the number 27 as both a Collatz starting value and

the number of leap seconds added since 1972, excluding the initial offset.

Lemma 6.1 (Origin Dependence). The numerical value of L(t) depends on the chosen epoch
defining UTC.

Proof. The leap-second count is defined relative to a chosen starting point. Changing the epoch
or redefining the initial offset alters the numerical value of L(t) without changing any underlying

physical dynamics. O

Subtracting the initial ten-second offset after observing the significance of 27 constitutes a post
hoc adjustment. Such adjustments lack explanatory power because they are not invariant under

equally valid redefinitions.

7 Invariance as a Criterion of Meaning

We now articulate the central principle underlying our analysis.

Theorem 7.1 (Invariance Criterion). A relationship between mathematical or physical quantities is

meaningful only if it is invariant under admissible changes of representation, units, and conventions.

This principle underlies conservation laws in physics, equivalence classes in mathematics, and

symmetry-based explanations throughout science.



8 Main Result

Theorem 8.1. There exists no invariant mapping from the UTC-TAI offset or leap-second count

to Collatz stopping times that is independent of historical conventions and representational choices.

Proof Sketch. Any such mapping necessarily depends on a chosen epoch, an initial offset, or a
symbolic interpretation. Altering these choices destroys the proposed alignment while leaving
both Collatz dynamics and physical timekeeping unchanged. Therefore, no invariant relationship

exists. OJ

9 Discussion: Numerology Versus Structure

The coincidence examined here illustrates a general phenomenon. In large and flexible numerical
domains, striking coincidences are inevitable. Without invariance, such coincidences cannot support
explanation, prediction, or theory.

The human tendency to assign meaning to salient numbers amplifies the appeal of such patterns,

but mathematics and physics require stricter standards.

10 Conclusion

We have shown that while the equality
N(9192631770) =2 x N(27)

is exact, it does not reflect a structural connection between the Collatz conjecture and leap seconds
in UTC-TAI. The relationship arises from post hoc alignment, representation-dependent interpre-
tation, and historically contingent definitions. Invariance provides the decisive criterion by which

such claims must be judged, and under this criterion the proposed connection fails.



