Chapter 4

The Phases of Venus

B

efore the time of Copernicus and Galileo, the accepted model of the solar system was geocentric. In this
model the Earth was stationary while the planets, the Sun, and the Moon orbited the Earth. This model
was developed in great detail by the Greek scientist Ptolemy around a.d. 200 before the telescope was
invented.
In the Middle Ages scholars began to notice that the planets were not exactly where the geocentric model
predicted they would be. Copernicus (1473-1543) set out to develop a new model for the motion of planets—
the heliocentric model. In this new system, the Sun is stationary, the Earth and all the other planets orbit the
Sun, and the Moon orbits the Earth. This was a revolutionary idea!
Ptolemy’s geocentric model and Copernicus’ heliocentric model made similar predictions about lots of
observations, but they made very different predictions about how Venus would appear from Earth. Like the
Moon, Venus is a sphere and it is visible because it reflects light from the Sun. The Moon looks like a disk to
us. Venus is farther away than the Moon, so without a telescope Venus looks like a point of light. But through
a telescope Venus appears as a disk, just like the Moon. And like the Moon, Venus can have phases, appearing
full, new, or crescent, depending on whether the sunlit side of Venus is mostly facing towards or away from
Earth. Thus the phases of Venus depend on the relative positions of the Earth, Sun, and Venus, and their relative
positions depend on the orbits (see the diagram).
In Ptolemy’s geocentric model, Venus orbits the Earth and is forced to stay between the Earth and the Sun at
all times. Thus, in the geocentric model, the sunlit side of Venus would always face mostly away from Earth and
Venus should always appear as a crescent, never full. In the heliocentric model Venus orbits the Sun, so that it is
sometimes between the Earth and the Sun and appears as a crescent. But at other times its orbit will take it to
the far side of the Sun, so Venus’s sunlit side will be facing the Earth and therefore appear nearly full. So in the
heliocentric model (but not in the geocentric model) we would see a nearly full Venus once each orbit.
What Galileo observed was that Venus moved between full and crescent phases in a cycle that matched the
prediction of the heliocentric model. His observations clearly contradicted the prediction of the geocentric
model. Here was firm scientific evidence that the geocentric model was in serious need of repair or was wrong
altogether. Galileo became convinced that the Earth moved around a stationary Sun and that his observations
proved it.
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This is an example of a scientific revolution, in which a long established model (geocentrism) was overthrown
by new observations (the phases of Venus) enabled by new technology (the telescope). The new model of
heliocentrism could explain all of the planetary motions of the older model and could also explain the new data
on the phases of Venus.
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