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The Philosophy of Science
A B C

(A) The basis of science is observation, which can take the form of a simple

observation of natural phenomena, such as the temperature of a lava as it erupts from a

volcano or the thickness of a sedimentary layer in a outcrop, or it can take the form of

data collected from experiments, such as measuring the force it takes to break a plate of

rock in the laboratory. Although earth scientists can perform many useful experiments,

we rely more heavily on observations of the natural world. By now, you may well
appreciate that the time scales and magnitudes of geophysical and geologic process are
usually far too great to simulate in the laboratory.

Careful observation allows us to characterize the phenomena we are studying.
(B) A well-defined behavior that appears to be unchanging can be expressed as a

scientific law. Although a law describes a phenomenon precisely, it does not indicate

how the phenomenon works, or why. When an explanation is proposed on the basis of

observation, this is known as a hypothesis, or model. On occasion, more than one

explanation or hypothesis is proposed, and we talk about, "multiple working

hypotheses". Experiments or observation can be performed to test the model or choose

between multiple working hypotheses.

To illustrate the scientific philosophy, consider the hypothesis proposed in the
Middle Ages that Earth is flat. At that time, no specific observations suggested
otherwise. It looked flat, and travelers, despite having to climb and descend hills,
considered, overall, that they were traversing a flat surface. This, however, is a testable
hypothesis. (C) A _simple experiment to test the hypothesis was what Portuguese

explorer F. Magellan effectively achieved in 1522, when his expedition completed the

first circumnavigation of Earth, proving it to be a globe. Today, with the development

of space travel, we can directly observe the spherical shape of Earth.
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Quantum states of neutrons in the Earth's gravitational field

The discrete quantum properties of matter are manifest in a variety of phenomena.
(A)Any particle that is trapped in a sufficiently deep and wide potential well is settled in
quantum bound states. For example, the existence of quantum states of electrons in an
electromagnetic field is responsible for the structure of atoms, and quantum states of
nucleons in a strong nuclear field give rise to the structure of atomic nuclei. In an
analogous way, the gravitational field should lead to the formation of quantum states.
But the gravitational force is extremely weak compared to the electromagnetic and
nuclear force, so the observation of quantum states of matter in a gravitational field is
extremely challenging. Because of their charge neutrality and long lifetime, neutrons are
promising candidates with which to observe such an effect. Here we report experimental
evidence for gravitational quantum bound states of neutrons. (B)The particles are
allowed to fall towards a horizontal mirror which, together with the Earth's gravitational
field, provides the necessary confining potential well. Under such conditions, the falling
neutrons do not move continuously along the vertical direction, but rather jump from
one height to another, as predicted by quantum theory.
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