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He has worked as a science teacher and headmaster from 1968 until retirement in 2000. Now retired, pursuing interests as a science writer, painter, and philosopher.
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Earth Water Air and Fire

Around 450BC, Empedocles, a Greek philosopher born in Sicily, was reputedly the first person to come up with the idea that everything we call matter consists of four basic elements earth, water, air and fire. He demonstrated that air was something rather than nothing by inverting a bowl in water and observing that the air held the water back from the bowl. Air was determined to be a separate ‘element’. A hundred year later Aristotle, another famous Greek philosopher held to the same four basic elements and introduced the notion of dichotomy for example water and fire are fundamentally contrasted as fire rises and water ‘falls’, fire is hot, and dry, water is by nature cold and wet. Aristotle didn’t attempt to explain the different states or forms of water as gas (steam) or solid (ice).

Generations of Eastern and Western philosophers from the earliest recordings of history came up with very similar ideas about the structure of matter. In a similar vein to the Greeks, yoga maintains that there are five elements of nature: earth, water, fire, air and space. Knowledge of these five elements is believed to allow the yogi to understand the laws of nature and to use yoga to obtain wisdom and happiness. Yet again the Chinese (Taoism) hold there are five elements: wood, fire, earth, metal and water, each of them associated with certain body organs, a colour, a taste, an emotion and a season of the year. Godai (Japanese philosophy) refers to the five elements earth, water, fire, wind and void (aether). In Hinduism the five elements are fire, air, water, earth and sky.

It isn’t really surprising that these early philosophers and scientists came up with very similar ideas after all they were observing and examining the same earth, water, air and fire. Empedocles was conducting experiments and then demonstrating the differences between air and water this was and still is science. There would have been some communication between East and West particularly as the various empires spread across the globe. We know from the exploits of Marco Polo and others that there was a fruitful exchange of ideas between widely separated philosophers and scientists. All of these early philosophers and scientists were restricted to what they could observe with the naked eye, and they could only hypothesize about the nature of the very small things beyond the limits of their vision. Similarly, they could only imagine what was way up in the sky above the surface of the earth. From such imaginings developed the myths and legends that still fascinate and entertain us today. Poor Icarus in his enthusiasm just got a little too close to the sun, a salutary lesson perhaps for modern space travelers to avoid getting too close to a black hole.

It wasn’t until the invention of the microscope, first attributed to Zacharias Janssen in 1590, that science was able to examine the minutiae of all things classified as matter. When Robert Hooke and Antoine van Leeuwenhoek published their first observations some seventy years later, they initiated an explosion of scientific knowledge. Observation was no longer limited to objects and intricate structures that could be seen with the naked eye. Microscopes using lenses to magnify and focus light became more and more powerful until the frequency of light waves limited their ability to resolve images. Light waves seemed to ‘skip’ around the tiniest objects, blurring the finer structural details of materials under observation. In 1931 Ernst Ruska is credited with developing the electron microscope which uses a high-frequency beam of electrons in place of light waves. In place of glass or plastic lenses, a series of electromagnets are used to focus the beam of electrons.

Modern science uses different terms for matter relating to its particular state solid, liquid or gas, instead of earth, water and air. Fire, rather than being an element in its own right, is seen as one example of a sudden release of energy resulting in a conflagration. Energy is also involved in the change of state of matter from solid to liquid to gas, in either direction. The energy (heat) required to change from one state into another, without any change in temperature, is referred to as latent heat. The latent heat required to change water into steam without increasing the temperature is called the latent heat of vaporisation. The latent heat of fusion involves changes between solid and liquid states of matter.

In the solid-state atoms and molecules are in relatively fixed positions and don’t move from one place to another. In the liquid state atoms and molecules are free to move from place to place within a set volume which varies slightly depending on temperature. In the gaseous state atoms and molecules are free to move into the available space surrounding them depending on the energy available in the form of heat. The ‘adiabatic’ expansion of a gas produced by pumping it through a narrow opening into a vacuum chamber causes it to expand, using up the heat energy contained within itself and thereby reducing its temperature. Adiabatic expansion of gases, like Freon is commonly used in the process of refrigeration.

‘Elements’ in the Greek definition are more closely defined in modern science by their composition. Elements, like hydrogen (H) consist entirely of like units called atoms, whereas compounds like water (H₂O) contain a combination of different atoms, hydrogen atoms (H) and oxygen atoms (O) from two different elements. Atoms are the smallest units of any element whereas molecules are the naturally occurring combinations of atoms found in matter and may consist of atoms from the same element (H₂) or a combination of atoms from different elements (H₂O)

Atoms, although extremely small, can themselves be split into many different kinds of smaller particles. Three of the most common subatomic particles are called protons neutrons and electrons. Protons and neutrons are found in the nucleus, or central core of the atom, whilst electrons are found in shells surrounding the central nucleus. The combined total of protons and neutrons in the nucleus constitutes the vast majority of the mass of any atom and determines its mass number. Neutrons carry no electrical charge and are therefore neutral, as their name implies. Protons carry a positive charge and electrons which are almost massless in comparison to protons and neutrons carry a negative charge, opposite and equal to that found on the proton.

In most instances the number of electrons surrounding the nucleus is equal to the number of protons in the nucleus and both atoms and molecules are neutral, having an equal number of positive and negative charges. Ions are atoms and molecules that have an excess of positive or negative charges and are often formed when soluble elements or compounds are dissolved in solvents like water. Common salt, sodium chloride (NaCl) dissolved in water produces sodium ions with a positive charge, Na⁺ and chloride ions with a negative charge, Cl⁻.

The relative numbers of neutrons to protons within the nucleus of some elements can produce different isotopes of the same element. Different isotopes have a different mass number. However, because they have the same number of protons and hence the same number of electrons, their chemical properties are the same. Uranium U 238 is by far the most common isotope of uranium found when mining uranium deposits. U 238 is stable under normal conditions of temperature and pressure, unlike the much rarer U 235 isotope which is unstable and radioactive. The number attached
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