Probability Analysis: The Sun-Moon Angular Size Coincidence

Due Diligence Test for the Toroidal Consciousness-EM Field Framework

1. The Coincidence

The Sun and Moon appear almost exactly the same angular size when viewed from Earth.

Measurement Sun Moon

Diameter 1,392,000 km 3,474 km

Mean distance from Earth 149,598,000 km 384,400 km
Angular diameter (mean) 0.5332° 0.5286°

Angular diameter (range) 0.5242° — 0.5422° 0.4889° — 0.5683°

Size ratio: 1,392,000 / 3,474 = 400.7 Distance ratio: 149,598,000 / 384,400 = 389.2 Angular size ratio:
0.5332/0.5286 = 1.0087 (match within 0.87%)

The Sun is approximately 400 times larger than the Moon. It is also approximately 400 times further away.

These two independent ratios produce near-identical angular diameters — a match to within less than 1%.

This is why total solar eclipses are possible: the Moon can almost perfectly occlude the solar disk, revealing the

corona — a phenomenon unique in the known solar system.

2. The Mainstream Position
Every mainstream source describes this as "just a coincidence":

e Scientific American: "It is an interesting coincidence... there is really no physical reason why this has to

be the case."
e Astronomy.com: "Believe it or not, it actually is just a coincidence — and a happy one at that."

e EarthSky: "No one knows the odds."

The word "coincidence" is used as an explanation rather than as a starting point for analysis. No mainstream
source has published a formal probability calculation. The phrase "no one knows the odds" is telling — it is an

admission that the odds have not been calculated, not a statement that they cannot be.

This analysis calculates the odds.



3. Method

We use exclusively mainstream model parameters. Every factor is assessed using ranges and constraints from
published mainstream science. No framework assumptions are imposed — we test what the mainstream model

itself requires when it calls this a "coincidence."
For each factor we identify:

e What the condition is
e What range of values was physically possible (under the mainstream model)
e What narrow range is required for the angular match to hold

e The probability = required range / possible range

We then multiply independent probabilities. This is valid because the mainstream model explicitly claims these
factors have no causal connection — the Sun formed from a collapsing molecular cloud, the Moon formed
from a giant impact 4.5 billion years later, and their sizes and distances are determined by entirely unrelated

physical processes.

Tolerance: We define "match" as angular sizes within +10% of each other (ratio between 0.9 and 1.1). This is
extremely generous — the actual match is within ~1%. A 10% tolerance is sufficient for total solar eclipses to

occur; the actual precision far exceeds this threshold.

Where estimates involve judgment, we consistently choose the most generous (highest probability) reasonable
value. Every factor is assessed in favour of the coincidence hypothesis. Despite this deliberate generosity, the
combined probability remains striking.

4. Factor Inventory

Factor 1: Star Size

The Sun is a G2V main-sequence star with a diameter of 1,392,000 km (1.0 solar radii).

Main-sequence stellar diameters span approximately 0.1 RO (red dwarfs) to 10 RO (massive O/B stars). For
the angular match to hold, given the Moon at its actual size and distance, the star must have a diameter within
+10% of the Sun's actual value — that is, between 0.89 and 1.09 RO.

This is a band of width 0.2 RO within a range of 9.9 RO. Stellar radii are approximately log-distributed across

the main sequence, giving:
P:1 = 10g(1.09/0.89) / log(10/0.1) = 0.044 (1 in 23)

Note: This is generous. It includes only main-sequence stars and ignores the steep initial mass function that
makes Sun-like stars less common than smaller stars. Including the full stellar population would reduce this

probability significantly.



Factor 2: Planetary Orbital Distance
Earth orbits at 1.0 AU. The habitable zone for a Sun-like star spans approximately 0.95 — 1.67 AU.

For the star's angular size to match the Moon's (within 10%), given a fixed star size, the planet must orbit within
a narrow band of the habitable zone. In log space, the habitable zone spans log(1.67/0.95) = 0.245. The required
band spans log(1.05/0.95) = 0.044.

P2~ 0.044/0.245 = 0.18 (1 in 5.6)

Note: This is generous. It assumes the planet could have formed anywhere in the habitable zone with equal
probability, when in practice orbital distances are determined by complex disk dynamics with strong radial

preferences.

Factor 3: Moon-Forming Giant Impact Occurs

In the mainstream model, the Moon formed via giant impact — a Mars-sized body (Theia) striking the proto-
Earth approximately 4.5 billion years ago. This is the currently favoured hypothesis, though it faces significant

challenges (see "isotope crisis" below).

Of the eight planets in our solar system, only Earth possesses a large moon formed by giant impact. Venus
(similar size to Earth) has no moon at all. Mars has two tiny captured asteroids. Mercury has no moon. The gas

giants formed their moons through entirely different processes (circumplanetary disk accretion).

Estimates from planetary formation models suggest perhaps 1 in 4 to 1 in 12 terrestrial planets experience a

Moon-forming giant impact producing a large, stable satellite.
P:=1/6=0.167 (1 in 6)

Note: This is generous. Many giant impact simulations fail to produce a Moon with the correct properties
(angular momentum, iron content, isotopic composition). The actual probability of producing a moon like ours

is substantially lower than "any large moon."

Factor 4: Impact Produces Moon of Correct Size

Given that a giant impact occurs, the resulting moon's size depends on multiple parameters: impactor mass
(ranging from 0.01 to 0.5 Earth masses across models), impact angle (only approximately 40°-55° produces an

appropriate debris disk), impact velocity (1.0 — 1.6 x mutual escape velocity), and impactor composition.

The Moon's mass is 0.0123 Earth masses — a specific outcome within a wide range of possible impact
products. Simulation surveys (Canup 2004; Timpe et al. 2023) show that disk masses vary from 0.5 to 4+ lunar
masses depending on impact parameters, and only a subset of these produce moons near 1 lunar mass after

accretion from the debris disk.

For the angular match, the Moon's diameter must be within £10% of 3,474 km (corresponding to approximately
+33% in mass, since mass scales as r*). Perhaps 15-25% of "successful" giant impacts produce a moon in this

mass range.
P.=0.20 (1 in 5)

Note: This is generous. It assumes the impact occurs at all (Factor 3) and only asks whether the resulting moon

is the right size. The actual parameter space for producing our specific Moon is far more constrained.



Factor 5: Moon Density and Composition

The Moon's mean density is 3.34 g/cm?, compared to Earth's 5.51 g/cm?. This low density results from the
Moon's iron depletion — it has a small or possibly absent iron core, in contrast to approximately 50% core

radius for most terrestrial bodies.

Density determines the relationship between mass and diameter. If the Moon had Earth-like density (5.51
g/cm?), the same mass would give a diameter of approximately 2,960 km — 15% smaller, breaking the angular

match. If density were 2.5 g/cm? (pure silicate), the diameter would be approximately 3,830 km — 10% larger.

For the angular match to hold (within £10%), the Moon's density must fall between approximately 2.9 and 3.8
g/cm?® — a band of width 0.9 within the plausible range of 2.5 to 5.5 g/cm? for rocky bodies.

Ps=0.9/3.0=0.30 (1in 3.3)

Note: This is generous. Density is not uniformly distributed across this range — it depends on iron content,
which is determined by the specific impact dynamics. The iron-depleted nature of the Moon is itself a

constrained outcome.

Factor 6: Orbital Stability

The Moon must remain gravitationally bound after formation, survive subsequent impacts during the Late

Heavy Bombardment, avoid ejection by resonance effects, and settle into a stable, nearly circular orbit.

From N-body simulations of lunar accretion from the post-impact debris disk, approximately 70-90% of

successful simulations produce a stable single large moon.
Ps~0.80 (1in 1.25)

Note: This is the most generous factor — stability is the least constraining condition.

Factor 7: Temporal Window

The Moon formed approximately 4.5 billion years ago at roughly 3 Earth radii (just outside the Roche limit). It

has been receding ever since, currently at 3.8 cm per year, and is now at 60.3 Earth radii (384,400 km).

The angular match is time-dependent. As the Moon recedes, its angular size decreases. The match window —
the period during which the angular sizes are within 10% of each other — spans approximately 1 billion years

centred roughly on the present epoch.
The Moon has existed for 4.5 billion years. The match window is approximately 1 billion years.
P-=1.0/4.5=0.22 (1in 4.5)

Note: This is generous in multiple ways. First, the tidal recession rate is not constant — it depends on ocean
basin geometry, continental positions, and Earth's rotation rate, all of which change chaotically over geological
time. The current rate is actually anomalously high (likely due to resonance effects in the present ocean
configuration), meaning the match window's timing relative to the emergence of intelligent observers is more
constrained than a simple linear model suggests. Second, the match window is not correlated with the

habitability window — their overlap is itself a coincidence within a coincidence.




5. Combined Probability

Since the mainstream model claims these factors are causally independent, we multiply:

Factor Description Probability
Py Star size in required band 0.044

P2 Orbital distance in required band 0.180

Ps Moon-forming giant impact occurs 0.167

P4 Impact produces correct moon size 0.200

Ps Moon density in correct range 0.300

Ps Orbital stability 0.800

P Temporal window 0.222
Combined All factors simultaneously 1.40 x 105

Result: approximately 1 in 71,000

This is with 10% tolerance — far more generous than the actual ~1% match.

6. Sensitivity Analysis

With actual match precision (~3%)

Tightening the tolerance from 10% to 3% (closer to the observed match) reduces the probability band for each
factor by approximately a factor of 3. The combined probability drops to:

Approximately 1 in 29,000,000 (29 million)

Ultra-generous estimate

If we assign the highest reasonable probability to every factor:



Factor Ultra-generous Standard

Star size 0.10 0.044
Orbital distance 0.25 0.180
Giant impact 0.25 0.167
Moon size 0.30 0.200
Density 0.40 0.300
Stability 0.90 0.800
Temporal window 0.30 0.222
Combined 1 in ~5,000 1in ~71,000

Even bending over backwards to be maximally generous on every single factor, the coincidence remains

approximately 1 in 5,000.

Summary of ranges

Estimate Tolerance Combined probability
Ultra-generous 10% 1 in ~5,000
Standard 10% 1 in ~71,000
Precise 3% 1 in ~29,000,000
7. Factors Not Included

The following additional constraints were deliberately excluded to keep the analysis conservative. Each would

reduce the probability further if included:

7a. Tidal recession rate variability. The Moon's recession rate depends on Earth's ocean and continent
configuration, which changes chaotically over geological time via plate tectonics. The current rate (3.8 cm/year)
is anomalously high, likely due to near-resonance effects in the present ocean basins. The specific timing of the
match window relative to the emergence of intelligent life depends on the entire 4.5-billion-year history of tidal

dissipation — a chaotic process sensitive to continental drift.

7b. Orbital eccentricity. The Moon's orbit is not circular (eccentricity =~ 0.055). Its angular size varies by
approximately £12% over each orbital period. The fact that the mean angular size matches the Sun's is a tighter

constraint than an instantaneous match at some point in the orbit.



7c. The isotope crisis. The giant impact model faces a well-documented "isotope crisis" — the Moon's oxygen,
titanium, tungsten, and silicon isotope ratios are essentially identical to Earth's, yet simulations consistently
show the debris disk should be dominated by impactor material. This constrains the impact parameters far more
tightly than the size/angle/velocity constraints in Factor 4 suggest, making the probability of producing our

specific Moon substantially lower.

7d. Theia's existence and trajectory. For the giant impact to occur, a Mars-sized protoplanet (Theia) must
exist in Earth's orbital neighbourhood (likely at the L4 or L5 Lagrange point), maintain orbital stability for
millions of years, then be perturbed onto a collision course with proto-Earth, and arrive at the correct angle
(~45°) and velocity (~1.0 % escape velocity). Each of these is an additional constraint not captured in the simple

Factor 3 estimate.

7e. Uniqueness in the solar system. No other planet-moon system in the solar system displays a comparable
angular size match with any other celestial body. Mars's moons (Phobos, Deimos) subtend 0.2° and 0.02° —
nowhere near the Sun's 0.5°. Jupiter's Galilean moons appear far smaller than the Sun from Jupiter's surface.

This uniqueness further suggests that the match is not a generic outcome of planetary system formation.

7f. The Sun's angular size match from Earth. The analysis above treats the Sun's size as fixed. But the Sun is
itself the product of molecular cloud collapse, accretion, and nuclear ignition — processes with wide possible
outcomes. The Sun could have been a K-dwarf (smaller) or an F-star (larger). Its specific size is an additional

coincidence layered onto the others.

8. Comparisons

Event Probability
Royal flush in poker (5-card) 1 in 649,740
Struck by lightning (annual, UK) 1 in ~1,000,000
Angular coincidence (ultra-generous) 1 in ~5,000
Angular coincidence (standard) 1in ~71,000
Angular coincidence (precise) 1in ~29,000,000

Even the ultra-generous estimate — the absolute floor, assuming every factor is assessed as favourably as
possible — gives worse odds than drawing any specific card from a deck (1 in 52) and is comparable to the

probability of rolling a specific number on four consecutive dice throws.

The standard and precise estimates approach or exceed the probability of a royal flush.

9. The Ratio Itself

A detail often overlooked: the specific ratio is approximately 400.



400 =20>=(2>x5)*=2*x 52

In the framework's terms: 400 = F(3)* x F(5)> — a pure Fibonacci-prime product, built entirely from the first

and third Fibonacci primes that compose the structural lattice (60 = 2% x 3 x 5).

This may be a numerical coincidence, or it may indicate that the ratio is a structural relationship expressed
through the algorithm's prime factors. The analysis above does not depend on this observation — it is noted for

completeness.

10. Conclusion

The probability of the Sun-Moon angular size coincidence, calculated using exclusively mainstream model
parameters and deliberately generous tolerances, ranges from 1 in ~5,000 (ultra-generous) to 1 in ~29,000,000

(actual match precision).

The mainstream position — "just a coincidence" — requires accepting these odds without further investigation.
No mainstream source has published a formal probability calculation. The standard response is to invoke the
anthropic principle ("we happen to live at the right time") or to describe the match as a "happy coincidence"

without quantifying what "coincidence" actually entails.
This analysis quantifies it. The numbers speak clearly.

The framework's position: the Sun and Moon are coupled field nodes in a toroidal consciousness-
electromagnetic field. Their angular relationship — like the Metonic cycle, the Saros cycle, and the other
celestial coupling ratios documented in the Mathematical Foundations — is a structural relationship determined

by the algorithm, not an accident of independent random processes.

The "coincidence" requires a minimum of seven independent conditions to be simultaneously satisfied, with a
combined probability of at best 1 in 5,000 even under the most favourable possible assumptions. At the actual

match precision, the odds are 1 in 29 million.

At some point, "coincidence" stops being an explanation and starts being what needs to be explained.

Document History

e v1.0 (February 2026) — Initial analysis. Identified seven independent factors from mainstream model
parameters. Calculated combined probabilities at three tolerance levels (10% generous, 10% standard, 3%
precise). Documented six additional factors excluded for conservatism. All probability ranges and
physical parameters sourced from mainstream published values. Sensitivity analysis confirms minimum 1

in ~5,000 even under ultra-generous assumptions.

This is a proof-of-concept document for the Toroidal Consciousness-EM Field Framework. It uses the

mainstream model's own parameters to test the mainstream model's own claim of "coincidence.” See also:



Mathematical Foundations (algebraic basis), Sacred Geometry (geometric basis), The Harmonic Architecture

(acoustic basis).



