A is for Asteroid:

There are thousands of rocks between the orbit of Mars and Jupiter called “asteroids.”  Ceres has a diameter of about 900 kilometers.  Pallas and Vesta have diameters around 500 kilometers.  There are thousands that are kilometer sized and millions smaller that a large boulder in the asteroid belt (the region between Mars and Jupiter).

Chunks of ice called “comets” can be found in orbits beyond Pluto.  Some comets have weird orbits that bring them close to the Earth or to the Sun and other planets.  When they get close to the Sun, its heat turns some of the comet’s ice to vapor.  This makes the comet appear to have a long tail.

The combined mass of all the asteroids would produce a planet only 1,500 kilometers in diameter.  For this reason many astronomers believe that the asteroids represent debris left over from the origin of the solar system rather than the break up of an ancient planet.  The influence of Jupiter’s gravity may have prevented the formation of a planet in the asteroid belt. 

Asteroids collide and generate fragments that impact the Moon, Earth, Venus, and Mars.  These fragments are called “meteoroids.”  They are usually quite small.

Asteroids contain large amounts of iron and unusually large amounts of iridium.  Iridium found in 65 million year old rock might result from an ancient asteroid impact.

B is for Big Bang:

The Big Bang is the cosmic explosion that may have begun the present universe and started the expansion of space.  The universe appears to be expanding.  Many astronomers assume that this means that the universe has expanded from the explosion of an infinitely dense beginning point.  The galaxies themselves do not appear to be expanding, but just the space between them.

There are many possible interpretations of what that means depending on the astronomical and physical assumptions that you begin with.  The Big Bang does not seem to have been a real explosion.  The universe began as a super dense singularity something like the inside of a “black hole.”  This would be a place where energy was so dense that space and time would be all tangled up together.  Under this kind of pressure all sorts of strange things can happen.  Time, space, matter would not take the form that we are accustomed to. 

Among the strange things that can happen is the development of anti-gravitational energy.  This energy caused the expansion of the universe in a brief period of exponential growth.  In a tiny fraction of a second an exploding fireball of radiation and hot particles was released.  Quantum fluctuations in this expansion created uneven conditions, which later caused gravitational coalescence to form the galaxies and clusters of galaxies of space.  According to the multiverse concept, this expansion is part of an endless multibranching fractal with no end.

C is for Clusters:

Stars can form in groups called “clusters.”  Open clusters are relatively young.  The Pleiades formed about 100 million years ago and the gas and dust from which they formed still surrounds them.  Globular clusters contain thousands of stars and are usually around 10 billion years old.

Stars begin as clouds of gas in space.  They become stars once the matter inside is dense enough to induce nuclear fusion, the formation of helium form hydrogen.  The energy released from this process turns the star into a hot sun.  The hottest stars use up their hydrogen quite quickly, perhaps in a 100,000 years.  Stars burning more slowly, like our Sun may last 10 billion years, fainter and cooler stars may last 50 billion.  The Sun is halfway through its 10 billion year hydrogen burning (fusion) sequence.

When stars use up their fuel, their interiors begin to contract because they no longer have the energy to resist their internal gravity.  The outer layers are pushed outward, turning the star into a “red giant.”  The gas drifts away as a “planetary nebula” leaving a “white dwarf” behind.

Larger red giants become “supergiants.”  Some explode as 

A “supernova.”  A supernova may create a “neutron star” by blowing away everything but a collapsed center.  Rotating neutron stars that give off pulses of energy are called “pulsars.”  If the mass left is great enough, it may collapse time and space around it creating a “black hole.”

D is for Diagram:

The Hertzprung-Russell diagram was developed in 1911 and plots the magnitude of stars against their colors.  Blue stars are on the left and red on the right, bright at the top and dim at the bottom.  Most stars fit on the “main sequence” of the diagram.

Stars spend most of their time on the main sequence till they expand into red giants (moving them up and to the right on the chart).  The curved trunk of the main sequence sends off red giant branches.  These generate dwarfs, which are found at the bottom of the chart.

Galaxies that are great distances from our own tend to have more blue stars indicating that they are forming more new stars.  Eight billion light years away are galaxies glowing with the blue light from many new stars.  Many of these distant galaxies are distorted in shape.

Part of what causes all of this star formation is the rate of interaction of galaxies.  When galaxies interact, it increases the rate of star formation.  Gravitational attraction created by an approaching galaxy can create tides that shock clouds of hydrogen gas into collapse.  This can result in bursts of star formation.

Spiral galaxies are places where stars continue to form.  Star formation seems to have ceased in elliptical galaxies.  All the stars in them are very old.  Spiral galaxies were more common in the past.

E is for Evolution:

The universe seems to be undergoing evolution.  It seems to be expanding.  Star formation seems to be slowing down because the interaction of galaxies is slowing down.

Stars themselves undergo evolution as the form from collapsing clouds of hydrogen thus undergoes nuclear fusion once it reaches and appropriate level of heat and pressure.  Nuclear fusion forms helium from hydrogen, with the release of enormous amounts of energy.

Stars move down the main sequence of the HR diagram as they use up their hydrogen fuel.  Finally the collapse as a red giant, which may become a supergiant, a supernova, as the outer layer of gas is blown away and the inner core collapses.  The result can be a neutron star, a dwarf, a pulsar, or even a black hole.

The universe itself may be the result of some larger process of evolution in which black hole in parent universes induce the production of singularities that generate daughter universes.  Or the universe may be the product of a multiverse of expansion generated by the differential evolution of the primary conditions from which cosmic expansion has developed.

Even if the universe forms out of some primordial bubble, whose existence transcends time and space, as we know it, that bubble itself may be generated by wormholes in some kind of hyperspace.  It emerges from some greater context.

F is for Fate:

We live in a universe that is expanding.  Space began to expand as the result of an explosion billions of years ago called the big bang.  Photons of microwave energy fill the universe.  This is the cosmic background radiation left over from the original explosion.  This background radiation dominated the universe for the first million years of its existence.

The ultimate fate of the universe appears to depend upon how dense its matter really is.   Will the universe expand forever?  Will the universe collapse in a “Big Crunch?”

Einstein’s theory of relativity described a universe in which space was curved and space and time measurements changed relative to the speed of motion of the observer.  Einstein described a universe where nothing could travel faster than the speed of light.

The early universe was very hot and transformed a large amount of hydrogen to helium.  It created a background radiation that has gradually cooled to the point it is just a few degrees above absolute zero.  In the meantime the universe has continued to expand.

If there is enough matter in the universe, it will create enough gravitational force to eventually reverse the expansion.  If there is not enough matter, the fate of the universe is continued expansion.  The stars will eventually use up their fuel and galaxies will grow dim.

G is for Galaxy:

Stars are grouped together in collections called “galaxies.”  There are many sizes and shapes of galaxies.  Our own Milky Way has hundreds of billions of stars.  There are smaller galaxies with only a hundred million stars and larger galaxies that have such strong gravitational pull that they absorb their neighbors.

Our galaxy (Milky Way) in a pinwheel with spiral arms that contain sites of active star formation.  Something is sending out energy from the center of our galaxy.  It may be a black hole devouring stars at the galaxial core.

Some galaxies are undergoing violent changes.  Some are expelling large amounts of matter and energy as a result.  There may be very massive black holes at the center of these galaxies that are often sources of powerful bursts of X ray and radio wave radiation.

Billions of light-years away from us are quasars.  Quasars shine with the brilliance of many galaxies and may draw their energy from massive black holes.

Some galaxies are disk shaped with spiral arms.  Some are ellipse shaped collections of stars without interstellar material.  Some galaxies are five times the size of the Milky Way with fifty times the mass.  

Remote galaxies are moving away from us at speeds proportional to their distance: an expanding universe.

H is for Hubble Law:

When an astronomer takes a picture of an object in the sky, a spectrograph is attached to the telescope to record the spectrum.  When this is done, it is found that the most distant objects are shifted in the direction of the red end of the spectrum.  The Hubble Law states the proportional relationship of the redshift of remote galaxies to their distance from Earth.

Nearby galaxies are moving away from us slowly and distant galaxies are moving away from us much more quickly.  The Hubble Law is state in a formula that contains a constant.  This constant gives the rate at which the universe is expanding and its age.

Galaxies are found in clusters.  Clusters that are relatively poor are called “groups.”  The Milky Way, Andromeda, and the Large and Small Magellenic clouds belong to the “Local Group,” a poor cluster.

The nearest rich cluster is in Virgo.  It is about 50 million light-years away and contains around 1000 galaxies spread over 7 million light-years.  Three giant elliptical galaxies dominate it.

Both the Local Group and the Virgo Cluster are irregular clusters.  An irregular cluster more scattered than a spherical regular cluster.  The nearest regular cluster is 300 million light years away toward Coma Berenices.  The Coma cluster contains more than 1000 bright galaxies.

I is for Interstellar Dust:

There are great patches of interstellar dust prevent us from seeing much of our galaxy.  They totally obscure the center of the galaxy from optical observation.  Longer wavelength can travel further through this dust.  Radio waves supply us with the best information about the galactic center.

The hazy band of many faint stars that we see stretched across the night sky is a view of the disk of our galaxy from its edge.  The Milky Way is an enormous assemblage of stars around 80,000 light years in diameter and 2,000 light years thick.  The Sun is about 25,000 light years from the galaxy’s center.

The galaxy has a thin disk and central bulge surrounded by a halo of old metal-poor stars.  This halo is a spherical distribution of globular clusters of stars and old stars.  The disk contains gas and dust and metal-rich young stars.  It appears bluish because it is dominated by hot young stars.  The central bulge looks reddish because of the presence of many red giants and supergiants.

The galaxy has four main spiral arms and several minor short segments.  The Sun is on one of these short segments.  The galaxy appears to be something like a rotating pinwheel.

There appears to be a significant amount of dark matter in the galaxy.  The nature of this dark matter is a matter of speculation.

J is for Jupiter:

Jupiter is the largest planet.  Its mass is 318 times that of Earth.  It has only a small amount of eccentricity in its orbit and is inclined on 1.3 degrees to the plane of the ecliptic and its rotation axis is inclined only 3 degrees to its orbital axis.  

The planets of the Solar System fall into two groups: terrestrial (Earth-like) and Jovian (Jupiter-like).  The Jovian planets are gigantic liquid worlds that have evolved much less since their time of origin than the rocky terrestrial planets: Mercury, Venus, Earth, and Mars.

Jupiter is the first and largest of the Jovian group.  Saturn is the second largest of the Jovian group.  Saturn’s orbit is significantly more eccentric than that of Jupiter.  Saturn’s equator is inclined more than 26 degrees to its orbital plane.

It has a composition similar to that of Jupiter.  Its atmosphere contains hydrogen, helium, methane, ammonia, etc.  Saturn’s interior has a composition similar to that of Jupiter with hydrogen surrounding a rocky core.

Saturn’s rocky core appears to be significantly larger than Jupiter’s.

Uranus is the third Jovian planet.  It is rotating on its side.  It has an equatorial plane inclined 98 degrees to its orbital plane.  Neptune is the fourth of the Jovian planets.  It looks like a bluish Jupiter.  However both Uranus and Neptune have a larger rocky core than either Saturn or Jupiter.  Interesting moons surround all four Jovian planets.

K is for Kepler:

Johannes Kepler (1571-1630) laws attempted to describe the motion of the planets.  The first law is that the orbit of a planet about the Sun is an ellipse with the Sun at one focus.  The second law is that a line joining a planet and the Sun sweeps out equal areas in equal intervals of time.  The third law is that the squares of the sidereal periods of the planets are proportional to the cubes of their semimajor axes.  

An ellipse is an imperfect circle with a longest diameter called the major axis and half that distance in the semimajor axis.  Kepler discovered that planets do not move at uniform speeds along their elliptical orbits.  They are fastest when at the perihelion (closest to the Sun).

The solar system was created from a cloud of interstellar gas and dust that contracted under the force of gravity.  Most of the matter fell toward the center to form the Sun.  Outer material clumped to form the planets.

In general, the planets move around the Sun according to the principles of Kepler’s laws, refined by Newton’s laws of motion and gravity and Einstein’s relativity.

The four inner planets (terrestrial planets) are relatively small and have high average densities.  They are composed mainly of rock.  The giant Jovian planets have large diameters and low densities.  They are composed largely of hydrogen and helium.  The inner planets formed through accretion of dust particles into small aggregates.

L is for Local Bubble:

The Sun exists inside a cavity in interstellar dust called the “Local Bubble.”  This local hole in the interstellar dust appears to be more than 300 light years across.  It appears that it may be a product of a Type II supernova explosion.  It is possible that the pulsar in the Geminga pulsar in the constellation Gemini may have been responsible for blowing this cavity when it turned pulsar as the result of a supernova explosion some 300,000 years ago.

The Sun moves through the galaxy at a speed of about 200 million miles per hour and takes around 200 million years to orbit the Galaxy.

The center of the galaxy contains a strong radio source called Sagittarius A.  It is possible that a massive black hole may exist at the galactic center.  There are streamers of ionized gas around Sagittarius A.  It is calculated that one million solar masses would be need to generate the gravitational energy needed to prevent this gas from flying away into space.

The center of the galaxy is a very turbulent place.

The intensity of light is so great at the galactic center that there is no night in its vicinity.  Everything seems to center on Sagittarius A.  Sagittarius A cannot be a star or a pulsar because of its luminosity and the radio spectrum it give off.  It cannot be the remains of a supernova because it is not expanding.  It appears to have ionized all the interstellar material within 6 light years of the galactic center.

M is for Milky Way:

The Milky Way is the hazy band of dust and gas that gives our galaxy its name.  The Milky Way is a disk shaped galaxy and we see a lot of stars and dust and gas when we look toward the disk.  We see little dust and few stars when we look away form the disk.

The colors of the stars tell us their temperatures.  Reddish stars are relatively cool (about 3000 degrees C.).  Bluish stars are hot (10,000 degrees C.).  Our galaxy contains a thousand billion stars of various colors.  Open clusters of stars and nebulae lie mainly in the disk of the galaxy and are found near the Milky Way.  The older globular clusters form a halo around the galaxy.

The Milky Way is only one of millions of galaxies in the universe.  Most of them are so faint they can only bee seen with a telescope.  Our galaxy is a spiral galaxy.  Most of the youngest stars and most of the gas and dust can be found in the arms of a spiral galaxy. 

Hot stars burn out quickly.  Most of the hot stars are quite young.  The arms tend to be blue and contain the hot stars.  The center tends to be yellow and contain the older cooler stars.

Elliptical galaxies are old and contain no gas and dust.  Some galaxies are irregular like the Magellenic clouds that are most visible in the southern latitudes.  All galaxies except the closest are moving away from us.

N is for Nebulae:

Nebulae are hazy clouds of gas and dust.  Some are clouds of gas thrown off by dying stars.  Planetary nebulae are greenish disks thrown off by supernovae.  The green color comes from hot oxygen.

Reflection nebulae are associated with the gas and dust surrounding young stars such as the Pleiades.  Emission nebulae glow.  Dark and absorption nebulae are dark and absorb light.  The reddish cloud of gas in the Horsehead Nebulae in Orion is emission nebulae.  The horsehead is an absorption nebula.  The emission nebulae give off a reddish glow in long-exposure photographs as a result of radiation of ionized hydrogen.

Some nebulae are places where stars are forming.  The nebula M16 in Serpens is an example of a nebula of this type.  The Great Nebulae in Orion contains both an emission nebula and a star-forming nebula behind the emission nebula.  This star forming nebula is also and absorption nebula that can only be penetrated with radio waves and infrared radiation.

If a hot star is surrounded by a cloud of gas, the hydrogen ions nearby will be ionized and generate an emission nebula.  Sources of absorption nebula can be ice grains, grains of graphite, silicate particles, complex molecules.

Reflection nebulae scatter blue light more effectively than red and hence they appear bluer than the light the scatter.

O is for Orbit:

The planets obey Kepler and Newton’s laws in the elliptical paths (orbits) they trace around the Sun.  There is a fairly regular pattern to their semimajor axes.  According to Bode’s Law the distance of the planets from the Sun follows the sequence .4, .7, 1.0, 1.6, 2.8, 5.2, 10.0, 19.6, and 38.8 times the distance between the Earth and the Sun.

The planets are actually placed: Mercury 0.39, Venus 0.72, Earth 1.0, Mars 1.52, Jupiter 5.2, Saturn 9.54, Uranus 19.2, Neptune 30.1, and Pluto 39.5.  The main variants from this sequence are the missing planet at 2.8 and the extra planet (Neptune) at 30.1.

All the planets orbit the Sun counterclockwise when seen from above the Earth’s orbital plane.  The orbits are very close to the Earth’s orbital plane.  All orbital eccentricities are less than 0.1 except for Mercury and Pluto.  Pluto passes closer to the Sun than Neptune on occasion making astronomers speculate that it might be an escaped moon of Neptune.

From the standpoint of the stars, the Moon orbits the Earth every 27 days.  But, the Earth and Moon have moved a ways in their orbit of the Sun.  The synodic period of the Moon, how long it takes to reach the same position relative to Earth and Sun, is 29 and a half days (approximately one month).  The four phases of the Moon repeat this 29-day period, which is why we try to divide a month (moon-th) into four weeks.

P is for Planet:

Mercury and Pluto are the smallest planets and have the most eccentric orbits.  Mercury is closest to the Sun and Pluto is the most distant.  Jupiter is the largest planet and Saturn is the next largest.  Venus is just slightly smaller than the Earth, but Mars is quite a bit smaller.

Jupiter, Saturn, Uranus, and Neptune have rock cores that have gathered masses of hydrogen and helium about them.  More of Saturn is rocky core than Jupiter.  Uranus and Neptune are relatively speaking more rocky core than either Saturn or Jupiter.  

Mercury, Venus, Earth, and Mars began from dust that aggregated into tiny bodies and the tiny bodies aggregated into larger bodies.  This process was frustrated in the asteroid belt by the gravity of Jupiter.  As a result the asteroid belt between Mars and Jupiter contains nothing but the earliest stages of terrestrial planet formation in the form of the asteroids.

Pluto is an odd duck.  Its Moon (Charon) is almost as large as the main planet.  Both are tiny in comparison to the other planets.

The Earth is the only planet that is hospitable to life.  Venus is far too hot as the result of an atmosphere with too much heat trapping carbon dioxide.  Mars has too little gravity to keep much of an atmosphere.  Most of its surface water has disappeared.

Q is for Quasar:

The first Quasars discovered were distant point like sources of radio waves.  The point like origin of these radio waves caused them to be called “quasi-stellar” or “quasar.”  These objects have an extreme red shift, which makes them very far away.  The first quasars appear to have been formed 10 billion years ago.  Only 10% of quasars produce radio waves, the rest generate only red shifted light.  Thousands of quasars have been discovered.  They look like stars and have large red-shifts.  Most are more than 3 billion light years away.  The average quasar is a thousand times more luminous than the Milky Way Galaxy.  Quasars appear to be embedded in galaxies.

Quasars appear to have giant black holes at their center.  A black hole is a body so massive that it sucks in time and space.  The black holes in quasars would be so massive that they would contain millions of times the mass of the Sun.

Quasars are not the only objects that may be caused by black holes.  Quasars, blazars, Seyfert, and radio galaxies are all active galaxies with activity that may be generated by black holes at the galaxy center.  There may be an accretion disk surrounding an extremely massive black hole. Gasses spiral into toward the black hole creating jets of high speed particles that can be double radio sources, quasars, or blazars depending on the way they are viewed.

Blazars are galaxies that give off polarized light with prominent outbursts of intense radiation.

R is for Relativity:

Albert Einstein’s (1879-1955) “general theory of relativity” describes a universe in which gravity causes space to curve and time to slow down.  Clocks on the first floor of a building should tick slightly more slowly than clocks on the top floor.  Gravity should bend light.  This turns out to be true.  Gravity can actually act as a lens bending the light from distant sources.

When gravity becomes very strong, space curves so much that nothing can get out.  This creates as strange object known as a “black hole.”   A black hole is a place of intense gravity that pulls everything into it so that nothing can escape.  Matter that falls into a black hole disappears from the universe.

The structure of a black hole is defined by its mass, its electric charge, and the momentum of its rotation.  Some binary (double star systems) may contain black holes.  These binary systems are powerful sources of X rays that may be caused by hot gas in an accretion disk surrounding a black hole.

Einstein’s “special theory of relativity” says that the speed of light is the same regardless of an observer’s motion.  Nothing can travel faster than the speed of light.  Clocks on a moving vehicle will seem to tick more slowly than clocks in a parked vehicle left behind.  Clocks are slowed and rulers are shortened in the direction of motion.  This is a result of the speed of light being an absolute constant.

S is for Star:

Stars are formed in cold clouds of dust and gas that are scattered through galaxies.  A shock may help the cloud contract and accumulate enough gravity to pull in more matter until a small baby star appears.  This baby star may pull in more matter from the cloud until it gets large enough to develop high pressure and enough heat to ignite the hydrogen bomb like processes associated with fusion of hydrogen to from helium that are the sources of the radiation poured out by a star like our Sun.

Typical clouds are about 74% hydrogen by mass, 25% helium, and 1% heavier elements.  The temperature is about 10 degrees Kelvin, which is very very cold.  A baby star is just a cold blob of this matter.  As the star begins to contract, gravitational energy is converted to heat.  A few thousand years of gravitation contraction can bring surface temperature to several thousand degrees Kelvin as a result of movement of heat to the surface of the young star through convention currents.

Young stars shrink until the temperature at the core reaches a few million degrees and hydrogen fusion begins.  This begins thermonuclear processes that release enormous amounts of energy.  The energy creates enough pressure to resist further gravitational contraction.  The result is a stable star.

Stable stars end up in the main sequence of the HR diagram.  This sequence represents hydrogen fusion.

T is for Time:

Some astronomers believe that the clock of our universe began to tick when strong, weak, and electromagnetic forces started to become distinct a tiny fraction of a second after the origin of the cosmos.  This dissociation of forces may have triggered inflation causing waves of gravitation that started the universe expanding.

These gravitational waves alternative stretched and squeezed the plasma that everything was made of.  About 500,000 years after the origin of these waves, protons and electrons began to come together to create hydrogen atoms.  The cosmic microwave background radiation (CMB) dates from this time.  It appears to have been generated some 15 billion years ago.

Time as we know it emerges from the “Planct time.”  This is the tiny fraction of a second before time, as we know it came into existence.  The physicists Hawking and Turok disagree over the nature of this primordial beginning.  They develop a quantum theory source of the origin of everything in which time and space are not distinct.  They call this a “pea instanton.”

The universe is about 25% helium.  This helium was generated in the early universe when it was hot enough to generate large amounts of helium creating thermonuclear reactions.  The radiation associated with these reactions has cooled to become the cosmic microwave background radiation. 

U is for Universe:

When the cosmic microwave background radiation was hot, it dominated the early universe.  This was a radiation-dominated universe.  As the universe expanded and the radiation cooled, the universe became a matter-dominated universe.  Before 500,000 to a million years ago, the universe was plasma of high-energy photons in collision with electrons and protons.  Only after a million years did the universe cool to the point that electrons could join with protons to form hydrogen atoms.  This plasma is sometimes known as the “primordial fireball.”

Even after this plasma began to turn into hydrogen, the universe was still a rather violent place in which there was much more star formation and interaction between galaxies than there is today.  Some of the hot stars in the early universe were responsible for creating the heavier elements.  The heavier elements that make up most of the Earth came from stars of this early period.  Our Sun is not hot enough to form anything heavier than helium.

Collisions and mergers between galaxies induce star formation in the arms of spiral galaxies.  Gradually the gas and dust in the spiral arms is used up or driven off.

Elliptical galaxies may be the result of rapid star formation that occurs before the galaxy has a chance to form a flattened disk.  Most elliptical galaxies were formed 10 to 15 billion years ago where star formation was more common than today.

V is for Voyager:

The Voyager 1 and Voyager 2 spacecraft sent back close up pictures of the atmosphere of Jupiter.  Observation of the moons of Jupiter showed that Io and Europa are about the size of Earth’s Moon.  Ganymede and Callisto are about the size of Mercury.  Io is closest to Jupiter, Europa comes next, then Ganymede, and Callisto it’s furthest. 

Jupiter and the other moons put great stress on Io.  This heats Io’s interior causing widespread volcanic activity.  Volcanic vents cover 5% of Io’s surface.  Fountains of molten sulfur and sulfur dioxide gas are thrown up to heights of over 200 kilometers.

Europa is covered by ice.  Tidal effects on its surface have cracked the ice.  Ganymede and Callisto have rocky cores covered by 1000 kilometers of ice.

Saturn possesses eighteen moons.  Titan is planet sized with an atmosphere of nitrogen even thicker than Earth.  Saturn’s rings may be the result of gravitational forces generated by Saturn’s moons.

Uranus has five moderate sized moons and thin dark rings.  Voyager 2 discovered a Neptune that looked like a bluish Jupiter.  The methane in Neptune’s atmosphere absorbs all but the bluish light.  Neptune also has thin dark rings and eight moons.  Triton is the largest.  It goes around Neptune in a direction opposite to Neptune’s rotation (retrograde).

Triton is gradually spiraling inward toward Neptune.

W is for White Dwarf:

White Dwarfs come about as a result of the contraction of the core of the star causing increased temperatures and the burning of helium.  The outer envelope separates as a planetary nebula leaving the hot dense core as a white dwarf.  Some white dwarfs form without separation of the envelope as a result of continued gravitational contraction.  White dwarfs are so tightly packed that their electrons cannot move freely.  The more massive the white dwarf, the smaller its size.  

White dwarfs are no longer generating thermonuclear energy.  Eventually they cool to become “black dwarfs.” Black dwarfs are a final state of main sequence stars. “Brown dwarfs” are the product of baby stars that never accumulated enough mass to create a thermonuclear reaction.

If the star has enough mass, it will form a neutron star.  Protons and electrons are squeezed into neutrons.  Neutron stars have high amounts of surface gravity.

White dwarfs are about the same size as Earth and can only be seen with a telescope.  Some are members of binary systems.  Two star, binary, systems are quite common.  Those that can be resolved into separate stars with a telescope are called “visual binaries.”

Each of the two stars in a binary system traces an elliptical orbit around the center of mass for the system.

X is for X-ray: 

Pulsating X-ray stars are binary systems containing a neutron star.  The strong gravity of the neutron star captures much of the gas that escapes from the other star of the binary system.  The gas falling on the neutron star is directed by the neutron star’s magnetic field so that hot spots are created at north and south magnetic poles.  These hot spots generate X-rays.  As the star rotates, beams of X-rays are generated from the star’s poles.

Neutron stars have intense magnetic fields and a rapid rotation that work together as a giant electric generator.  The neutron star is turned into a lighthouse beacon that sends out beams from its poles.  Neutron stars producing these beams are called “pulsars.”

Novas are the result of binary systems that contain a white dwarf that accumulates enough hydrogen to produce a thermonuclear reaction that generates a sudden increase in brightness.  When the companion star is a neutron star, the accumulation generates a burst of x-rays.  Such a star is called a “burster.”

Dying stars eject matter into space.  Less massive stars become red supergiants before expelling planetary nebula to become white dwarfs.  Massive stars may collapse suddenly in a supernova explosion that may create a neutron star or a black hole.  Thermonuclear reactions in the late stages of a star’s life may produce a number of different heavy elements. 

Y is for Year:

The Earth’s axis is tipped about 23 and a half degrees.  It traces a large curve in the sky over a 26,000-year period.  This means that the beginning of spring (vernal equinox) moves west along the elliptic (Earth’s path around the Sun) at 50’’ a year.

The stars return to the same point they were on the previous night, but the Earth has moved part way around the Sun.  The amount of time it takes for the stars to return to the same point is called a “sidereal day.”

The Moon takes about 29 days to get back to where it originally was in respect to the Earth and the Sun.  The ancients divided a moon-th up into four weeks, one for each of the phases of the Moon.  Each day of the week was ruled by the Sun, the Moon, or one of the five known planets.  This created a lunar year that was a month short of the 365 and a fourth days need to make a complete solar year.  In some calendars, a thirteenth month had to be added, the real reason thirteen was unlucky.

Solar calendars were developed that added extra days to the months according to some formula that kept the year long enough to keep pace with the movement of the Earth around the Sun.  These lucky calendars only had twelve long months rather than thirteen lunar short ones.  The problem was the lack of precise line up of the weeks as phases of the moon, months as lunar returns, and years as solar returns.  The result was the unlucky thirteenth month.

Z is for Zodiac:

The ancients divided the path the Earth traces around the Sun into twelve sections called signs made up of 30 degrees each to make a total of 360.  Each sign was associated with a constellation.  The last sign was associated with the constellation Pisces, the fish.  The first two signs were Aries the ram and Taurus the bull.  Since these first and last signs were associated with constellations depicting animals, this path of signs was called the Zodiac, from the Greek Zoos for animal.

The problem was that there were 365 and one fourth days in a year, not 360.  So there could be no precise day and degree equivalent.  Futhermore, the path, that seemed to be the belt that the planets moved along, was actually the elliptic the Earth moved in as it moved around the Sun.

To make things worse, the tilt of the Earth that created the seasons actually moved itself in a 26,000 year cycle, causing the signs to gradually move backward against the constellations.  The beginning of Spring has recently moved into the constellation Aquarius, causing the current age to be known as the “age of Aquarius.”

To make matters worse, the constellations only appear to be groups of related stars.  Since the sky is not flat but a product of relativistic space, some stars are actually far away from what appear to be their companions.

As the Earth rotates, the sky seems to move in the opposite direction.  The stars appear to rise in the east.

