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Core question
What happens when geometry is used to infer the relative sizes and distances of celestial
bodies that cannot be reached?

Historical and evolutionary context
Aristarchus of Samos, active in the third century BCE, is known through a surviving treatise, 
On the Sizes and Distances of the Sun and Moon, and through later reports of a heliocentric
proposal. These two achievements should not be conflated. The surviving work is a
geometrical attempt to infer ratios among Earth, Moon and Sun from observations of lunar
phases and eclipses. The heliocentric hypothesis is known mainly through testimony such as
Archimedes.

Aristarchus' numerical estimates were inaccurate, especially because the angle at half moon
is extraordinarily difficult to measure precisely without modern instruments. The epistemic
importance lies in the method: inaccessible cosmic distances could be treated as inferential
quantities rather than mysteries beyond measurement.

What could communities know before this transition?
Observers could track lunar phases, eclipses and the Sun's path. They could compare
apparent sizes. But apparent size alone does not reveal true size or distance.

What changed?
Geometry connected observed angles and eclipse relations to a model of spatial scale. The
cosmos became measurable indirectly. A quantity did not have to be touched or traversed to
become an object of quantitative reasoning.

Why could this capability emerge?
It required mature geometry, a tradition of astronomical observation and willingness to
model a three-dimensional situation from limited observations. The method also shows a new
tolerance for inference: the decisive quantities were not directly seen but derived from
relationships.

What later forms of knowledge did it enable?
The same broad epistemic pattern recurs throughout astronomy: combine observables with a
geometrical or physical model to infer inaccessible quantities. Later parallax, orbital
dynamics, standard candles and cosmological distance ladders are vastly different technically
but share this structural move.

New limits and risks
A mathematically valid construction can still yield poor estimates when measurements are
imprecise or assumptions are wrong. Aristarchus is therefore a particularly useful case for
separating method from numerical success.

What changed in the architecture of human knowledge?
Measurement became inferentially remote. Humans could calculate properties of objects
far beyond direct intervention by linking observations through geometry.

Loss, exclusion and uncertainty
The heliocentric proposal survives indirectly and its original argument is lost. Modern
retellings often make heliocentrism the entire story, obscuring the more securely
documented achievement of geometrical scale estimation.

Dependency map
DIRECT ← PIO-023 Deductive proof: what Greek geometers added
INDIRECT ← PIO-024 Eudoxus, Archimedes and exhaustion methods
INDIRECT → PIO-026 Eratosthenes and the size of Earth
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RETROSPECTIVE → PIO-046 Copernicus and heliocentric re-ordering
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