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The Copernican revolution

Aim of the module: To show the way of science, experience and ideas.
The Copernican revolution is a most important theme in the study of the nature of science. How does science operate? What are its values? How valid are its conclusions? This topic is basic because science is more than a method, a way of learning, than it is a body of knowledge. 

We will look at a historical example: the early history of astronomy. This is the genetic way of learning.

1. Activity

On a clear night, follow the stars across the sky. Look at the moon, the North Star and any group of stars ect. Describe your observations.

You can observe that there are several small and unusually bright starlike that do not keep pace with stars. These objects are called planets. The moon and the sun also move at a different pace from the stars. 

From such observations, most people would conclude that the stars, sun, moon, and planets all are moving in circles around the Earth.

This is the conclusion most observers drew centuries ago. 

The observations and conclusions described here are typicals of science’s two main process: observing, and conceptualizing or making theories. 

Babylonians, Egyptians and Greeks model

The heavenly objects circling a motionless Earth.

Sphere centred on Earth, one sphere for each object. Each of the seven spheres rotated at an uniform rate around Earth roughly once each day. 

The sphere is the only perfectly symmetric shape in space, and the circle is the only perfectly symmetric shape on a flat surface. Circular paths have no beginning or end.

Picture of the universe made of eight Earth-centred spheres. 

2. Activity

The children make up the earliest Greek model of the universe.

1. problem: 

Mars even changes directions and moves east to west relative to the stars, this is retrograde motion.

One Greek philosopher, Aristarchus, proposed that it was the sun and not Earth that was at rest at the centre of the universe. He sad that the Earth and the five planets moved in circles around the sun, and that Earth spun on its own axis.

But it seemed absurd in that time. This theory was rejected.

Ptolemy (A.D. 85-165) was the antiquity’s greatest astronomer. His idea was that each planet moved around Earth in a circle within a circle. The small outer circle was called the planet’s epicycle, and the inner circle centred on Earth was called the planet’s deferent. This theory was in agreement with observation at that time. The theory predicted the retrograde motion. But it was rather complicated. 

3. Activity

The children make up Ptolemy’s model of the universe.

Copernicus’s theory: a Sun-centred universe

Copernicus’s theory placed the Sun at the centre of the universe, with Earth moved and was a planet like the other planets. His book first printed at A.D. 1543 (fifteen forty three) A.D. 

He found a more reasonable arrangement of circles (epicycles and deferents). But Copernicus (1474-1543) believed that the natural heavenly motions were both circular. Copernicus’s tomb has been found recently in Poland. 

There were still no telescopes in Copernicus’s time. His theory explained many things, such as retrograde motion. But as Copernicus admitted, Ptolemy’s theory was „consistent with the data”. Both theories agreed with the data. 

But there were a lot of questions:

· How can Earth move?

· What keeps it moving?

· Why aren’t birds and clouds left behind?

· Why aren’t objects hurled off Earth?

The answer was in Newton’s physics. 

The Copernican astronomy started science moving toward the physics of Newton. The year 1543 (fifteen forty three) A.D. is often taken as the birth year of modern science. 

4. Activity

The children make up Copernicus’s model of the universe.

5. Activity

When we say that the Sun „rises”, what do we mean

a.) from the Copernican point of view,

b.) and from the Ptolemian point of view? 

6. Activity

Use Copernicus’s theory to explain retrograde motion. 

The Mars stays behind the Earth, look at points six 6, seven 7, eight 8, nine 9. The distance increases between the Mars and the Earth. 

Some 70 (seventy) years after Copernicus’s death Galilei introduces the telescope into astronomy. He observed that Venus goes through phases similar to the Moon’s phases. This means that Venus shines not by its own light but by light reflected from the Sun. In Ptolemy’s theory we should never be able to see a „full-Venus” phase from the Earth. But the Sun-centred theory predicts that we should be able to see. Galilei observed that the phases of the Venus included a full Venus phase. 

7. Activity

Use Copernicus’s theory and Ptolemy’s model to explain the phases of the Venus. With which of them are you able to explain the full phase of the Venus?

Tycho Brahe (1546-1601) was born three years after the death of Copernicus. When he began his project, there were two competiting theories of the universe: Ptolemy’s Earth-centred theory and Copernicus’s Sun-centred theory. And both theories agreed with the data know at that time. Would Brahe’s measurements be able to distinguish between them and so determine which one was correct? For the next 20 years, Brahe catalogued accurate data on the positions of the sun, the Moon, and the planets. His measurements were more accurate, than earlier data. 

The result was, that neither Ptolemy’s Earth-centred theory nor Copernicus’s Sun-centered theory agreed with Brahe‘s data. 

Brahe‘s catalogue was the key for Kepler (1571-1630). Kepler was a convinced Copernican when he came to Brahe. Brahe‘s data about Mars provided the most difficult to fit. These data Kepler had to translate Brahe‘s Earth-based data into Sun-based data. How would the planetary positions appear if seen from the sun? Kepler spent four years on this project. Sixteen years later, he found the precise and elegant scheme. Now calles Kepler‘s three laws, discribing the planetary orbits. The most significant law states that rather than moving in sun-centered circles, each planet moves in a Sun-focused ellipse. 

8. Activity

Together with members of your class, lay out the scalemodel of the Solar System. Begin with a ball, to represent the Sun. Then lay out the nine objects to represent the planets.

Kepler‘s theory did more than describe known data. It also predicts new observations that were unknown to Kepler. For example when new planets (Uranus, Neptunus, Pluto) were discovered. Kepler‘s theory is able to suggest further developments. Newton made important use of Kepler‘s theory in his theories of force, motion, and gravity. Without Kepler Newton‘s more sweeping theories would have been impossible. Newton could unify the heavens and Earth in a new physics based on principles that acted uniformly throughout the universe. 

