
A is for Aristotle:

Our notion of the physical world has its roots in the ideas of ancient Greeks like Aristotle.  Aristotle and his teacher Plato organized the first schools in the Western world.  Schools that operated in the ancient Greek city of Athens for a thousand years and became the prototype for modern colleges, high schools, and universities.  Plato and Aristotle began the process of dividing education into various areas of instruction.

Physics was the study of motion and energy and for many years all that was taught in the medieval university about such things was what had survived from Aristotle’s lectures on the subject more than a thousand years earlier.  When Galileo and other began to question Aristotle’s ideas and create experiments to test them, modern science was born.

Testing required measurement and the development of instruments for making good measurements and the mathematics that was needed to support those measurements.  A start had been made in ancient Alexandria, a city founded Alexander the Great.  Alexander the Great was the son of the King of Macedonia.  He was also one of Aristotle’s students and spread this Greek way of looking at things as he conquered the known world.

It was more than two thousand years later that Isaac Newton would put physics on a solid mathematical basis.

B is for Baryon:

Some of the ancient Greeks believed that everything was made of particles they called “atoms.”  The English chemist John Dalton developed a more sophisticated theory of these “atoms” in 1803 that is the basis for modern chemistry.  Dalton showed that chemical compounds were formed by combining atoms of elements.

Today we know that these atoms are themselves made of smaller particles.  All atoms contain a particle called a proton.  Protons are heavy particles.  Heavy particles are called baryons.  Protons are baryons with a positive electrical charge.  There is another kind of baryon in many atoms.  This baryon is a neutron and it has a neutral charge.

Besides baryons, atoms have lighter particles called leptons.  Each atoms tends to attract leptons with negative electrical charges called “electrons.”  The atom tends to attract as many negatively charged electrons as in needs to  balance out the positive charges of its protons.

Leptons are so light that the weight of an atom is mainly the result of  the weight of its baryons.  The number of positively charged baryons, or protons, determines the “atomic number” of an atom.  Elements are substances made of atoms with the same atomic number.  Sometimes atoms of a given element will have an extra neutral baryon, or neutron.  The extra neutron will make the atom heavier.  Atoms with an extra neutron form an isotope.

C is for Carbon 14.

One of the most famous isotopes of an element is Carbon 14.  All Carbon atoms have six protons.  Six is the atomic number of Carbon and determines its place on the periodic table of the elements that is used to explain the electric properties of the chemical elements.  Nitrogen has seven protons and comes just after Carbon in the periodic table.

The six protons in Carbon are normally associated with six neutrons giving it a weight of twelve.  The seven protons of Nitrogen are associated with seven neutrons giving Nitrogen a weight of fourteen.

High energy radiation from space hits the Earth constantly and hits Nitrogen atoms in the air.  This radiation can change one of the neutrons in Nitrogen 14 into a proton resulting in an atom of Carbon 14 (six protons and eight neutrons rather than seven protons and seven neutrons).  Carbon 14 is constantly being formed.  It is radioactive.  It breaks down and gives off neutrons as it does.  

Carbon 14 has a half-life of 5770 years.  In 5770 years, half of the Carbon 14 atoms of the original substance will not longer be Carbon 14.  This decay rate can be used to date wood or paper containing Carbon atoms and thus small amounts of Carbon 14 from natural sources in the air.  It has been used to confirm the age of the Dead Sea Scrolls for example.

A number of elements have these radioactive isotopes.

D is for Dimensions:

Einstein discovered an aspect of physics we call relativity: that time and space share an objects motion, that most of an object’s motion takes place in time.  When an object moves through space, some of its motion through time is given up.  

Its clock slows down.  Photons of light travel in eternal youth, for at the speed of light there is no movement of the clock at all.

Einstein also explored the relationship of the speed of light to matter and energy.  The faster something moves the more energy it has and the more massive it becomes.  Gravity results from the curving of space-time by massive objects.  If an object is massive enough, space-time curves so much that light cannot get out.  The result is a “black hole.”

One of the interests of Einstein was in a “unified field theory,” a theory that would bring electrical and gravitational effects together under a single umbrella.  Physicists now believe it may be possible to do this by discovering additional dimensions beyond our familiar three dimensional space.  It is possible that our universe and its four dimensional space-time simply floats like a thin film on multidimensional hyperspace.

String theory is one of the approaches that explore unification solutions.  Its dimensions are curled up and hidden within particle space.  But there are other solutions.

E is for Electrons:

Electrons are leptons with a negative electrical charge.  Electrons are found on the outside of the atom in orbitals and shells and their placement is responsible for the ability of the atom to form compounds and molecules by capturing or sharing the electrons of other atoms.  Electrons are also the source of electricity.

Electrons exchange electromagnetic energy with other particles through the exchange of weightless particles called photons.  Electromagnetic energy has the capacity to be a particle and a wave at the same time.  When it is a wave, the length of the wave determines its energy.  Short waves like X rays or purple light carry more energy than long waves like radio waves.

The question that bothers physicists that want to find a theory that relates electromagnetic energy to gravity is why is this electromagnetic energy so much more powerful than gravitational energy.  An electron would have to be ten to the twenty-second power times more massive before the electromagnetic and the gravitational force would be equal.  But what if the gravitational force were being distributed through extra dimensions that our matter was somehow blocked from entering?  That might explain why the force of gravity appears so weak.

Heisenberg discovered something odd about electrons.  You cannot know their position and speed at the same time. 

F is for Field:

The uncertainty principle tells us that the more we know about a particle’s speed the less we know about its position.  A particle exists in a cloud of probable locations defined by a wave function.  A new kind of mathematical physics has emerged to replace that of Newton.  Newton’s physics was defined by this three laws of motion and the law of gravity.  It was called “mechanics.”

The new physics is called “quantum mechanics” because at the point that things get to the particle level, the uncertainty principle of the Quantum (the tiny particle) begins to take over.  At the level of the very tiny, we are no longer dealing with certainty, but with probability.  Quantum mechanics is a system for calculating these probabilities.

An electric field is the condition that exists around an electrically charged body.  A field is created by tiny massless photons that are exchanged between charged particles in the field.  Quantum field theory calculates the probabilities associated with field conditions by taking the uncertainty principle into account as part of the calculations.  Uncertainty allows for the creation of unmeasured “virtual” particles.  Field forces are caused by the exchange of these virtual particles.

Fields created between subatomic particles can involve great clouds of these virtual particles.  The nature of these clouds of particles describes the field they generate. 

G is for Gluon:

The Proton is mainly empty space.  The proton contains three highly active smaller particles called quarks held together by gluons.  Quarks have only around 2 percent of the proton’s mass.  They move around within the proton at speeds approaching light.  Clouds of virtual quarks are produced and enormous amounts of massless gluons.  Most of the energy of the proton is in these massless gluon particles that hold the proton together.

What we think of as empty space is a great foaming mass of virtual particles bursting into existence and dying out in the tinniest fraction of a second.  Swarms of virtual particles burst into existence and die out around electrons including their antimatter positron opposites.

Quarks move freely inside the proton until they start to get some distance from each other.  The further they get from each other the stronger the force gets that holds them.  This force is transmitted by gluons and is called QCD, or quantum chromdynamics.  Like the photons that carry the electrodynamic force, quarks are massless.  But, unlike the photons, quarks are charged particles.

Gluons are fast moving charges carrying a special force called the “color” force, although it has nothing to do with real color.  The color-magnetic field they generate aligns the gluons like magnets causing them to strengthen the color-magnetic field.  This strengthens the quark’s force.

H is for Hyperspace:

Space emerges from hyperspace.  Quarks and antiquarks are produced in massive numbers inside the proton, but there are always three more quarks than antiquarks causing the proton to be something made of three quarks.  Space is constantly creating matter and antimatter.  But, matter predominates slightly, creating the material universe that we see.

Our space may be a membrane covering a hyperspace containing additional dimensions.  If ultimately space is infinitely dimensional then there might be membrane after membrane expanding endlessly into the unlimited.

Various theories propose a universe in which there is no space and time or a universe in which we are a bit of froth on the the bubbling surface of an endless supercosmic sea.

String theory, which is the attempt of many physicists to develop a mathematical theory that can explain the relationships of gravitation and quantum mechanics, seems to point in the direction of “noncommutative geometry.”  This is a geometry without the conventional notions of time and space.

It is possible that our universe is in a portion of this larger hyperspace that tends to produce black holes because our universe is a black hole itself.  It is possible that there is some sort of evolution in hyperspace.  That the patterns we find in physics have emerged from some deeper process.

I is for Infared Radiation:

The electrons of atoms are effected by packages of energy coming from the sun called “photons.”  Photons contain energy vibrating at different rates.  Long waves are the radio waves used for broadcasting.  Shorter waves generate the molecular motion we associate with heat.  Even shorter waves create red, orange, yellow, green, blue, and violet light.  

The rainbow of light produced when light is passed through a prism is called a “spectrum.”  Red has the longest wave lengths and violet has the shortest wave lengths.  Waves longer than red are called “infared” and cannot be seen by the human eye.  Waves shorter than violet are called “ultraviolet.”  They cannot be seen either.

There are waves even shorter than ultraviolet.  “X rays” are an example of very short waves.  The shorter the wave, the more energy it has.  Very short waves can damage human cells and cause cancers.  They are one source of the naturally occurring changes in the DNA of our chromosomes known as “mutations.”

Infared radiation was discovered in 1800 when William Herschel was attempting to discover the effects of the spectrum on temperature.  He discovered that the ability of the spectrum to produce heat was greatest somewhat beyond red light where the eye could see nothing at all.

Between infared and radio waves are “microwaves.”

J is for Joule:

A  joule is a measure of work accomplished (or energy expended).  An erg is also a measure of energy expended, but it is a much smaller measure.  One joule is equivalent to 10 ergs to the seventh power.  The study of the transformation of energy is a branch of physics called “thermodynamics.”  Thermodynamics has discovered certain laws that apply to all energy transformations.

The first law of thermodynamics is that in any thermodynamic process, the total energy remains constant, none is created or destroyed.  The second law of thermodynamics is that energy cannot be obtained from an source of heat unless that source undergoes a drop in temperature, thus the world’s supply of energy is always decreasing, energy is always dispersing.

The measure of how much energy has dispersed is called a measure of “entropy.”  Entropy is always increasing.  This means that some energy is always lost as heat in any machine.  When you convert the energy in a fuel to the energy in a machine, some joules of energy are always lost.  The efficiency of a machine is its ability to transform the energy to useful work without wasting it.

One of the reasons that diesel engines are used for hauling heavy items is that they are generally more efficient than gasoline engines.  More joules of energy end up being used to transport goods and less end up as joules of waste heat.

K is for Kinetic:

Daniel Bernoulli (1700-1782) proposed the kinetic basis of gases.  Bernoulli developed the theory that the pressure of a gas was the result of the countless impacts of gas molecules against the walls of the container holding it.

Molecules are combinations of atoms which are combinations of particles like electrons, protons, and neutrons.  There are 92 naturally occurring kinds of atoms that produce the 92 different naturally occurring elemental substances, or “elements.”  Atoms can be combined together in many different ways to produce hundreds of thousands of different kinds of molecules.  The study of the reactions that produce these molecules is called “chemistry.”  The study of the particles that make up the atoms and the energy relationships that generate them is called “physics.”

Kinetic means to move.  The study of the energy that causes the movement of molecules is part of physics.  The study of any resulting change in molecular state is part of chemistry. 

Heat is the amount of kinetic energy present in molecules.  Temperature is a measure of the speed at which molecules are moving.  When the kinetic energy of molecules increases, generally, the speed of any associated chemical reactions increases.  When things are hot reactions are speeded up as inside a hot fire.

L is for Law:

The most famous laws of physics are those that Newton discovered (in 1687) governing ordinary motion.  The first law is that a body at rest will remain at rest and a body which is in motion will remain in motion at the same speed and in the same direction unless it is acted upon by some out-of-balance force.  The second law is that a body which is acted upon by an out-of-balance force is given acceleration in the direction of the force which is proportional to the acting force and inversely proportional to its mass.  The third law is that for every action, there is an equal and opposite reaction.

Mass resists change in motion.  This resistance is called “inertia.”  Motion is caused by force and may be decreased by force.  Acceleration is the rate of change of velocity.  Velocity is the rate at which motion takes place.  The study of the laws of motion and its effects is the branch of physics called “mechanics.”  

The laws of motion do not apply at the subatomic level.  The motion of electrons is governed by the laws of quantum effects.  This branch of physics is called “quantum mechanics.”  

Other important laws include the laws of thermodynamics and the gas laws.  The law of gravitation discovered by Newton has been superseded by Einstein’s Theory of Relativity which describes gravity as the bending of space.

M is for Matter Waves:

Energy travels as photons that are both particle-like and wave-like.  It turns out that matter is also both particle-like and wave like.  De Broglie discovered the equation for the wave function of an electron in 1923.  Ruske developed a microscope using electrons instead of light in 1931.  Schrodinger worked out wave equations for the relationship of electrons to the atom in 1926.  These are the basic equations of quantum mechanics.  Linus Pauling showed how the resonance of electron wave forms could make for more stable wave arrangements in combination.

Heisenberg pointed out that an electron as a wave form is less defined than as a particle.  The result of this consideration was Heisenberg’s uncertainty principle: the more you know about the speed of an electron, the less you know about its position.

These changes in the way we look at matter are expressed in Fritjof Capra’s book “The Tao of Physics.”  Capra suggests in his book that the notion of scientific “law” no longer fits the reality described by modern physics.  The physical theories are models that make approximations to a world that is a series of interacting processes that can never be known in exact definition because they are endlessly dancing into new forms even as the observer attempts to locate them.

The act of observation alters the object observed.

N is for Neutron:

The first system for writing out the energy levels of the atom had been developed by the German physicist Werner Heisenberg in 1925.  When the English physicist James Chadwick suggested the existence of the neutron in 1932, Heisenberg came up with the idea that the center of the atom was made of protons and neutrons.

An electron with a positive charge was discovered in 1932, it was called a “positron.”  These particles have a short life.  Unstable atomic nuclei can be created that which stabilize by converting a proton to a neutron and emitting a positron.

Particles of intermediate mass called “mesons” were discovered in 1935.  Mesons of several types have been discovered: muons and antimuons, pions with negative, positive and neutral charge.

Scientists discovered four kinds of interactions among particles: strong, electromagnetic, weak, and gravitational.

Electrons, muons, and neutrinos are particles with no strong interactions.  Protons and neutrons are examples of particles with strong interactions.  These particles are called “hadrons.”

Hadrons are composite structures made of quarks.  Baryons are composed of three quarks and mesons of quark anti-quark pairs.  The strong force is the result of the exchange of particles called “gluons” between quarks within the baryon.  Thus, the neutron is made of quarks.

O is for Observation:

The physics of Newton is very different from the physics of Einstein and Heisenberg.  Einstein interjected the observer into the physics of the very large and Heisenberg interjected the observer into the physics of the very small.

Isaac Newton came up with a law of gravity that predicted the movements of the planets.  Using mathematical methods invented by Newton (calculus which is used for the mathematics of curves), astronomers could calculate the movements of the planets according to Newton’s law of gravity and Newton’s laws of motion. 

Astronomers noted that the movement of the planet Mercury wasn’t quite as predicted.  Albert Einstein showed that his theory of gravity predicted the movement of Mercury better than Newton’s.  Einstein maintained that the speed of light was a universal speed limit.  He theorized that time and motion were connected, that time would be different for different observers depending on whether or not they were moving. 

Just as Einstein discovered an observer effect at the cosmic level, so Heisenberg found an observer effect at the subatomic level.  According to Heisenberg, all you could know about an electron was the probability of where it was.  The minute located it, you lost track of its speed.  Subsequent experiments with the quantum mechanics of particles have demonstrated other observer effects. 

P is for Particle:

The neutron and proton are made of smaller particles called quarks that are held in by the exchange of massless particles called gluons.  Gluons are responsible for the strong force that hold the nucleus together.  

The proton and the electron are charged particles.  They are held together by the exchange of the photons that carry the electromagnetic force.  Neutral particles do not have electromagnetic interactions.

In addition to the strong force that holds protons together and hold neutrons and protons in the nucleus, there is also a weak force propagated by “Z” and “W” bosons.

Protons and electrons and the photons that carry the electromagnetic force are all stable particles.  Neutrons decay into a proton, an electron, and a massless particle called the “neutrino.”

Other particles include the kaon meson, the eta meson, the antiproton, the lambda, the sigma, the cascade, and the omega.  The existence of antiparticles of opposite charge suggests the possible existence of “antimatter.”  Antimatter would use positively charged positrons rather than electrons and negatively charged antiprotons rather than protons to make its atoms.

Particle interactions are governed by conservation laws.

Q is for Quark:

Physicists have found a number of conservation laws to be at work in maintaining the harmony of the world of subatomic particles.  Among these conservation laws are the following: energy,  momentum, angular momentum, electrical charge, baryon number, isospin, parity, strangeness, and lepton number.  The conservation of energy, momentum, angular momentum, and electrical charge is a carry-over from classical physics.

Baryons are heavy particles like protons and leptons are light particles like electrons.  The number of baryons minus the number of antibaryons, the number of leptons minus the number of antileptons are conserved numbers.  Isospin, parity, and strangeness are peculiar qualities unique to the subatomic world.

The discovery of quarks inside of protons introduced a whole new realm of interactions new to physics.  The world of these interactions is described by the theory of gluon exchange which is called “quantum chromodynamics” and is abbreviated as “QCD.”

Quarks are described as coming in three types called flavors.  There are up, down, and strange quarks.  Protons, neutrons, and mesons are all constructed from these three kinds of quarks.  A proton is made of two up quarks and a down quark, the neutron of two down quarks and an up.

Quarks have additional properties: “charm” and “color.”

R is for Radiation:

Energy comes in many forms: ordinary movement is mechanical energy, the movement of molecules is heat energy, of electrons is electrical energy, of subatomic particles is nuclear energy.  Most radiant energy such as that from the sun comes in the form of the photons that carry the electromagnetic force.  The various wavelengths that photons are found in is called the “electromagnetic spectrum.”

The “photoelectric effect” is the result of the electrons that come off surface of an electrical conductor when it is struck by light.  This was first discovered in 1887 by Hertz.

The shorter the wave length of radiant energy, the more energy it has.  A particular material will not emit electrons unless the wave length of the light is shorter than its “threshold frequency.”  

Intense light will generate more electrons.  But, no electrons will emerge, no matter how intense the light, if the threshold frequency has not been met.  Einstein explained this effect in 1905.  Einstein’s idea was that light was made of small bundles of energy called “quanta” or “photons.”  The energy of a photon is proportional to its frequency according to the formula: E = hf, where “h” a universal constant known as “Planck’s constant.”

These discoveries had practical application in the development of lasers.  Lasers are beams of intense light.

S is for String Theory:

String theory is an attempt to bring the gap between the electromagnetic theory that explains radiation, the QCD theory that explains the gluons of quarks, the many complex aspects of quantum mechanics, and the gravitational effects described by Einstein’ theories.

To do this, string theory physicists have experimented with new forms of mathematics.  Using these forms of mathematics, they have shown that many of the unexplained properties of the physical world could be explained by a mathematical interpretation of the cosmos that postulated the existence of 10 or even 32 dimensional space.  

The extra 6 dimensions could rolled up inside of the atom and explain some of its peculiar properties in regular one dimensional time and 3 dimensional space.  According to string theory, what seems to be a particle is a vibrating loop called a “string.”  The various particles are simply manifestations of the ways that strings can vibrate.  The most stable vibrations appear as the most stable particles.  An electron is a string vibrating one way and a quark is a string vibrating another way.

Some of the latest forms of string theory postulate the existence of different kinds of strings.  Some, like those that make up the particles of normal matter, are tied to the membranes or walls that make up normal space.

T is for Thermodynamics:

Thermodynamics is the study of energy relationships of work, heat, and energy transfer.  A system with the least possible amount of energy is a zero degrees Kelvin or zero degrees Rankine.  Zero degrees Kelvin is the same as -273.15 degrees Celsius and -459.7 Fahrenheit.

Most solid materials expand when heated and contract when cooled as a result of the increasing and decreasing energy of their molecules.  Increasing temperature causes increases in volume for both solid and liquid materials.

The pressure generated by a gas is proportional to its absolute (Kelvin or Rankine) temperature (Charles’s Law).  The volume of a gas varies inversely with its pressure (Boyle’s Law).

The energy states in this world emerge out of some larger context.  In an infinite context the improbable becomes probable.  In a finite context, such as the measurable world around us, the improbable decays toward the probable.  Energy disperses toward entropy.  As it does this, it encourages the creation of energy dissipative systems.

Some believe that evolution is simply this effect of entropy operating in systems complex enough that Darwinian processes are manifest.

Part of why so much local order can be created out of this decay is a result of the weightless property of information.

U is for Universe:

Black holes are predicted by Einstein’s Theory of Relativity.  They are places where gravity is so strong that both space and time are bent inward.  Black holes appear to be sources of the strong gravity that collects stars into galaxies.  Some believe that black holes may be generator of new universes, that our universe was created from a black hole in another universe.

Some believe that there may be Darwinian processes operating that select for universes that can generate large numbers of daughter universes.  Thus, some kind of hyperspace or metauniverse may be generating local universes like ours.

Some versions of quantum mechanics postulate an endless array of alternative universes for every alternative quantum state.  Some versions of string theory postulate a larger higher-dimensional space.  Our universe would exist as a membrane within that larger universe.  The particles we normally find around us would exist only in that membrane, but other particles like the gravity generating particles might be able to move beyond the membrane into the larger higher-dimensional space.

 Wheeler discussed our universe as a wormhole emerging within a larger hyperspace. Only those wormhole universes that could sustain life would be observed by life, explaining the ordered state of this particular world.

V is for Velocity Distribution:

Various 19th Century students of thermodynamics pointed out that heat came from molecules in motion.  J. C. Maxwell pointed out that these molecules would not all be moving at the same speed.  Boltzmann derived an equation for the evolution of the distribution of these velocities.

It was speculated that this was an equation for how these molecules probably would behave.

J. Gibbs developed probability distributions for microstates of systems.  Thermodynamics was approaching energy states from a statistical point of view.  

Considerations of systems theory, chaos theory, complexity theory, and theoretical issues involving the “arrow of time” and the reversibility of thermodynamic processes have become increasingly important.  For some the movement of energy toward entropy and the irreversibility of that decay sets the direction of the arrow of time.

The increasing concern of thermodynamics with issues of probability occurred at the same time that probability was entering into concerns at the subatomic level as a result of Heisenberg’s uncertain principle involving the inability to know the speed and position of the electron at the same time.

One interpretation of the uncertainty is that it represents an actual probability state and not just a artifact of theory.

W is for Wave:

Waves or vibrations can be found in many places in physics.  Waves in air (sound) and water may be distinguished between the electromagnetic waves that characterize photons of heat and light.

Mechanical waves take place in substances.  If a medium is displaced in a direction perpendicular to the direction of its movement it is called a transverse wave as opposed to a longitudinal wave.  Waves transmit energy, not matter and they have a speed with which they travel.

The photons of light all travel at the speed of light.  They are examples of electromagnetic waves and they do not travel in a substance or medium, they can move through empty space.

Sound consists of longitudinal waves.  It originates in material that is in vibratory motion.  Unlike light, sound cannot travel in a vacuum.  Sound travel in air at 1087 feet a second at 32 degrees Fahrenheit, or 331.4 meters a second.

When an object moves at a speed greater than the speed of sound, it generates shock waves.  If you are in the line of travel of this shock wave you can hear a loud boom.  The velocity of sound varies considerably with temperature and with atmospheric pressure. Musical pitch is a product of the frequency of the vibration.

X is for X rays:

X rays are short-waves of electromagnetic energy.  They lie on the electromagnetic spectrum between ultraviolet and gamma rays.  They have more energy than ultraviolet light and less energy than gamma rays.  Ultraviolet light, x rays, and gamma rays are all high energy forms of radiation that can damage living tissue.

Blue light is scattered by the atmosphere, hence the sky looks blue.  Blue light is also scattered by water making it look blue.  Ultraviolet light is scattered by the atmosphere even more than blue light.  Normally the ozone layer of the upper atmosphere deflects much of it.  Since there is less atmosphere at higher elevations, there is more ultraviolet radiation at higher elevations.

Fluorescent bulbs pass electric current through mercury vapor which produces ultraviolet light.  The interior of the bulb is coated with a material which fluoresces when struck by ultraviolet light.

Wilhelm Rontgen was experimenting with high-voltage in gas-filled tubes in 1895 when he discovered x-rays.  He noted a bright fluorescence in some crystals that happened to be nearby his high-voltage experiments.  X-rays are photons of light with a very short wavelength and high energy.  Since x-rays are forms of electromagnetic radiation, they obey the laws of optics that govern the transmission of light.

Y is for Yingyin:

“Yingyin” is Chinese for photoprint.  The study of light is called “optics.”  An understanding of optics is basic to all elements of photography which is all about obtaining an impression of light effects on some form of film.  

Light is electromagnetic radiation with wave lengths shorter than infared and longer than ultraviolet.  Electric charges in atoms and molecules give off light when they are excited.  Laser light is single frequency light.

The speed of light is a invariant universal constant. Light can be described as a wave front moving with a speed equal to that of the wave.  Light can also be described as rays moving perpendicular to the wave fronts.

the behavior of light at the juncture of two materials is governed by the law of reflection and the law of refraction.  The law of reflection tells us that the angles of incidence and reflection are equal.  The law of refraction tells us that the ratio of the trigonometric sines of the angles of incidence and refraction will be a constant for any particular pair of materials.

The image of an object in a mirror is the same size as the object and it appears as far behind the mirror as the object is in front of it.  Spherical mirror are classified as concave or convex. Concave mirrors are the inner parts of spheres and convex mirror are the outer parts of spheres.

Z is for Zero:

It is not possible to reach zero temperature because of the quantum activity that is a natural part of what appears to be empty space.  Everything is continually producing clouds of virtual photons and reabsorbing them.

Most of a molecule is empty space, most of an atom is empty space.  It turns out that most of a proton is empty space.  However, that empty space is very active. It is filled with a froth of virtual particles and virtual particle activity.

The inside of a proton is mainly empty space, but that empty space is a storm of activity.  All empty space is like that.  What we call a vacuum is an torrent of activity as billions of virtual particles pop into existence and disappear in factions of nanoseconds.

Electrons are screened by the swarms of particle-pairs around them.  Virtual photons and the positron opposites of electrons are popping into existence all about them.  They form wild clouds of turbulence around the electrons.

The edge of a proton is a crust formed by masses of virtual quark-antiquark pairs popping in and out of existence.  At the center of the proton the numbers of virtual particles increase and the energy declines toward the infinitesimal, the triggering charge goes to zero.  There is nothing solid here, it is motion that changes to fluid form in the utter extremes of total flux.


