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Prologue

The duality of light behaving as both waves and particles is well documented and basic to our understanding of particle physics. Light behaving as waves forms the electromagnetic spectrum, which includes visible light, ultraviolet light (higher frequency), infrared light (lower frequency), and X-rays (very high frequency), all differing in the number of cycles (complete waves peak to peak) per second. This is not intended to be an exhaustive list of frequencies, just a mental link with the types of electromagnetic waves we come across almost every day. If the reader would like further information, try an earlier essay by the same author, ‘Energy and Everything’, or any college physics text.

Light behaving as particles called photons is enigmatic because, although they are classed as particles without any rest mass, they are forceful enough to move sails made of light aluminium foil in a common school science experiment. Photons carry the electromagnetic force and belong to a group of force-carrying particles called bosons. Other members of this group include gluons, which carry the strong nuclear force, W and Z bosons, which carry the weak nuclear force, the Higgs boson, and the theoretical graviton. This is far from an exhaustive list of all the different atomic particles, and the interested reader might again like to consider the author’s earlier suggestions.

The idea that photons are particles without mass is controversial because, according to Einstein’s famous equation (e = mc2), if the mass of a photon is zero, then the photon will have zero energy. A further contradiction is encountered when observing how the light coming from distant stars and galaxies is bent by the force of gravity when passing close to other large stellar objects before reaching the observer. A useful effect called gravitational lensing enables astronomers to see distant objects that would otherwise be too far away. Could some photons have rest mass, or could they change from one form to another under different circumstances?

A question that has been asked many times by students is why the speed of light is limited to 186,000 miles per second (300,000 km per second)? Or, to put it another way, why cannot light travel faster, much faster? Although sound travels much slower than light, we know from observation that its speed of travel is limited by the density of the medium in which it is travelling; hence sound will not travel through a vacuum. Light will travel through a vacuum, so it obviously employs a different method and does not rely on any transmitting medium between source and receiver. Light pilots its own way through space as a self-generating and self-sustaining electromagnetic wave.

Einstein’s theory of General Relativity shows the equivalence between acceleration and gravity, something we are all able to experience in a rapidly accelerating vehicle, which pushes us backwards into our seat. Moving from one position to another within any frame of reference, on Earth or in space, involves increasing amounts of acceleration if you are to continue to move faster and faster through space. Energy is needed to provide the acceleration to go faster, and this is provided by the conversion of rocket fuel, chemical energy into energy of motion. A rocket cannot continue to accelerate to reach faster than light speed because the amount of fuel needed would increase the mass of the rocket, negating any potential acceleration benefit. Is there an alternative fuel available other than chemical fuels which can produce the required acceleration without increasing the mass of the rocket? Can anything travel faster than the speed of light?

If there are photons that have a mass, however tiny this may be, they are still subject to the same limits as the rocket; they would have to convert all their own mass into energy to reach the speed of light. The apparent paradox between light having zero rest mass and no energy, which raises the contradictions mentioned previously, could possibly be solved if photons have a chameleon-like ability to change themselves into either energy or matter as required, or even into two or more replicas of themselves, each with different combinations of matter and energy. Do chameleon-like photons exist?

Science has long since decided that the universe we inhabit is a digital universe; everything comes in parcels rather than a continuous stream, analogue. Everything comes in finite parcels: parcels of energy, parcels of mass, parcels of time. The smallest possible parcels are measured in Planck units, after Max Planck, the German scientist who first introduced the term quanta as the smallest possible part of anything, a term which is synonymous with the science of quantum physics. What are the smallest parcels of energy, of mass, or of anything when measured in Planck units? Is there anything smaller than a single Planck unit of mass?

In an earlier essay, Energy and Everything, the author develops the idea that mass and energy are interchangeable, differing only in form rather than substance. The most obvious evidence for this is the annihilation of only a fraction of an ounce (< 0.9 grams) of uranium mass into the destructive energy that devastated Hiroshima. Obviously, if this idea is tenable, then the energy within mass must be in a highly concentrated form bound within the nucleus of the atom and very stable in most instances, unstable elements like uranium-235 (radioactive isotopic form of uranium) being the exception. The number 235 after the element’s name shows the combined number of protons (positively charged particles) and neutrons (neutral particles) in the nucleus, the mass number. Protons and neutrons account for over 99% of the total mass of any atom, their constituent up quarks and down quarks being bound together in the nucleus by gluons – ‘the ultimate super glue’.

In Energy and Everything, the author defines energy as ‘being and doing’. Everything in the universe is made of energy in one form or another, and without energy, nothing would exist: no substance, no activity, absolutely nothing. Energy is everything, and everything is energy, at least as far as the material universe is concerned. Is there anything more to the universe other than energy and the laws of physics, of science and nature?
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