PHYS * 1600

Fall 2003

R. L. Brooks

Lecture Notes

Compiled by:

Dave Heppenstall
dheppens@uoguelph.ca
Lecture 01: Motion of the Earth and Planets



10 Sept 2003

This is NOT a math course.

The Scale of the Cosmos:

· The ancient Greeks were perhaps the first to study Astronomy scientifically.

· This study was not rediscovered until the Renaissance.

· Our solar system is five billion years old with an approximate life expectancy of ten billion years.

· 1 Astronomical Unit (The distance between Earth and the Sun) is 93 million miles.

· Jupiter has more mass than all the other planets combined.

· Andromeda, our nearest galactic neighbour is 3 million light years away.

· Stars die after a few billion years.

· We assume forces on Earth are the same everywhere in the universe.

· Astronomy is the only purely observational science.
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· Every fifty years, the right ascension drifts noticeably.

· The ecliptic plane is defined by the Earth’s rotation. All planets (except for Pluto) occupy the same plane within 7o.

· We are 94 million kilometers away from the sun in the summer. 92 in winter.

· The sun is 45o higher in the sky at noon in June than it is in December.

· We use three different distance scales:

· AU – Astronomical Unit (1.5 • 108 km)

· Light Year – Distance light travels in a year (3 • 108 km/s)
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Parsec – 3.3 Light years (2.2 • 105 Aus)

Origins of Modern Astronomy:
· Aristotle believed in concentric circles; spherical universe with Earth at the centre (geocentric model).

· Tolomy credited with the invention of prediction of celestial motion. Very unlike Euclid geometry.

· Explained with rotating circles.

· Tolomic model also based on a fixed Earth.

· Copernicus believed that the Earth rotated and also revolved around the Sun.

· Retrograde motion was better explained with Copernican thinking.

· Copernicus was very careful to state his allegiance to the Catholic church before he published his revolutionary hypothesis.

· Copernicus maintained the circular geocentric model.

· Galileo regarded the patterns of the moon’s phases and concluded that the moon must have mountains and valleys. He also began to understand the notion of “craters.”

· Galileo discovered Jupiter had moons. In addition, he also discovered that Venus had phases, which would thereby mean that it orbited around the sun.

· Tycho financed his own metal observatory. He also believed in a geocentric Universe, but with a slight variation:

· Planets orbit the Sun and the Sun orbits Earth.

· Keppler used Tycho’s data to prove a heliocentric (sun-centered) system.

· Keppler pictured elliptical (not circular) orbits at variable speeds.

· Keppler derived his three laws by observation only:

· All bodies move in elliptical orbits

· A planet-sun line sweeps out equal areas of space in equal time periods.

· The square of the sidereal periods of the planets are proportional to the semimajor orbital axes.

· The Seven Liberal Arts:

· Trivium: (Trivial)
· Grammar

· Dialectic (Philosophical arguing back and forth)
· Rhetoric (Public Speaking)
· Quadrivium:
· Geometry

· Arithmetic

· Astronomy

· Music

· The ancient Greeks were correct with the diameter of Earth and the Earth-Sun distance.

· Isaac Newton is regarded as the greatest physicist of all time, but 80% of his math has been thrown out my modern scientists.

· Keppler’s laws can be derived from Newton’s laws. Newton derived them. This was absolutely amazing! This was the dawn of the scientific era. 

· Inferior conjunction and superior conjunction can only exist for the inner planets.
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· Perihelion: closest to the sun.

· Aphelion: furthest from the sun.
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Lecture 02: Motion of the Moon and Planetary Geology


17 Sept 2003

Planet Earth:
A Hot Beginning

• There were fast-moving super hot objects orbiting the sun which constantly collided with each other. The Earth is a result of a superheated molten ball which has cooled and settled.

• The motion of the liquid metal within the Earth is responsible for the existence of the magnetic field.

• Seismology is the best method we have for understanding the composition the Earth's interior.
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Moving Plates

• Pangaea lasted for 200 million years until it for some reason broke up and began to drift.

• Much of the cratering of all the planets in the solar system would have taken place during the foundation of the solar system.

• Earth does not show evidence of heavy cratering due to our unique surface motion of plate tectonics.
Air and Water

• The Earth is very fortunate with regard to it's position in the solar system: close enough to the sun to keep the water from freezing, and far enough to allow the water vapor to condense.

• Water makes up a large component of the components which are released during volcanic eruptions.

• Primordial gasses including many volatile gasses originated from the interior of the Earth, including small amounts of elements which today make up our oceans.

• It is not clear if all the atmospheric elements originated from within the Earth, or were brought to it from space.

Life

• Life could not evolve on the survive of the earth because there was no ozone layer to protect the surface from ultraviolet radiation.

• In the beginning, the carbon dioxide and oxygen supply in the water was abundant enough to support life.

• A substantial ozone layer was formed as a byproduct of the oxygen excretions of billions of years of photosynthesis from water-dwelling life forms.

History

• 75% of our Oxygen resides in the Troposphere (the surface layer).

• 200 million years ago: Pangaea. Short span out of 400 million. Multiple times?

• The moon does not have an iron core, and therefore, does not have a magnetic field.

• Our iron core acts as the conductor for our own magnetic belt.

• The Van Allen belts are regions inside the magnetic field which can capture charged particles from the solar wind.

• When these particles (mostly photons) stream into the upper atmosphere, they interact with and excite the Nitrogen and Oxygen atoms which causes "Atomic Oxygen" and as a result, the aurora borealis.

The Moon:

Phases

• The moon goes around the earth every 27.3 days. Called a Sidereal month (with respect to stars).

• An observer on Earth would regard a lunar (synodic) month as 29 days.

• The orbit of the moon around the earth is tilted about 5 degrees. If it weren’t tilted, we would have an eclipse every month.

• An eclipse only occurs during a full or new moon when the line of nodes exists meets the Earth at 90 degrees. The line of nodes is defined as the line which occurs as the intersection of the Earth's ecliptic plane around the sun and the moon's ecliptic plane around the Earth.
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• Solar Eclipse:

• Lunar Eclipse:
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Tides

• There are two bulges because the differing forces acting on the earth on the near, center and far edge of the earth.
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• The forces between the Earth and the moon also induce volcanic activity.

• The tidal forces induced by the sun are approximately 25% effective as the moon.

• Two bodies which are relatively close together will reduce their spin time and cause them to lock in. This is why we have a far side of the moon.

The Moon and Mercury:

The Moon

• Even when Galileo looked at the moon, he didn't think of it as a place, but as an object.

• 15% of the moon's surface are dark surfaces thousands of miles across which are now understood to be frozen lava flows.

• The intense cratering on the moon can be traced back to around 4 million years ago.

• The Earth also experienced this large-scale cratering, but unlike the Earth, the moon did not experience the same type of reshaping and erosion that the Earth did.

• If the moon ever did have an atmosphere due to out-gassing, it's low gravity caused it to loose any atmosphere it may have accumulated.

• The far side of the moon was photographed in 1989 and we discovered that the earth has less dark lava flow patches.

• Apparently, the earth's crust is thicker on the far side and topographically higher, thus preventing most of the lava flows from surfacing.

Man on the moon

• Seismometers placed on the moon during moon landings and we discovered that the moon's rocks are fundamentally different from the Earth's crust material.

• The current leading theory explaining the existence of the moon is that during the formation of the earth, a massive collision between the earth and another object took place at which point portions of the two objects flew off into orbit around the earth and gradually collected to form the moon. This explains why the moon has none of the inner metals that our Earth’s core has.
Mercury

• Mercury is never more than 28 degrees away from the sun.

• Mercury has experienced tremendous effects from the sub: no atmosphere, etc.

• Mariner X visited Mercury and discovered that the lava flows on the moon are nearly identical to those on the moon.

• Mercury and the moon both saw the extremely heavy bombardment of meteors at the same time frame.

• Mercury is much denser than the moon.

• Mercury is 80% iron core, very much unlike the moon. In addition, Mercury has a very small magnetic field.

• In conclusion, Mercury is very much like the moon on the outside, and very much like the Earth on the outside.

• Radio imaging has detected that there is indeed ice patches have been formed at the poles. Therefore, Mercury has no seasons and fixed freezing temperatures at the poles.

• Remember: If the surface is cratered, then it's old...
Lecture 03: Origins of the Solar System, Mars and Venus

24 Sept 2003

Origins of the Solar System:

Formation

• Stars form initially from a slowly rotating dust cloud. As the cloud shrinks, it will rotate faster and faster until eventually a star with a ring of dust will result.

• The star at the centre slowly gathers more and more mass from the circling disc.

• Due to gravity and chemical stickiness, the microscopic grains of dust in the disc clump together. Called Accretion.

• Gas aids in friction and accumulation.

• The solar wind generated by the new star as it begins its nuclear furnace, clears out the gas.

Observation
• Planets are hard to find because they are extremely close to the incredible radiant stars.

• In an effort to learn more about planetary formation, we are directing our search to dust clouds around very young stars.

• It has been discovered that the speed of the rotation of young dust discs varies dependant on the distance from the central star, just like our own solar system.

• Using a "coronagraph," it is now possible to study older gas discs around older stars. Before now, the star was simply too bright to observe orbital particulate matter.

• The three stars on Orion’s belt are huge star forming regions in which young stars are being born all the time.

• Dust discs are a very common occurrence in the formation of new stars, unfortunately, our solar system is the only example we have thus far in which we can observe the "adult" planets.

Evolution

• There seems to be three types of planets: rocky (terrestrial), gas giants and ice worlds.

• As a planet grows, the faster it accumulates new mass and the more energy the deposits deposit.

• Heavy metals sink to the centre of the planet and the lighter metals float to the top. Earth, Venus and mars all have iron cores and light silicate surfaces.

• Early on in the history of the solar system, there was a period of severe bombardment. Large bodies were flying around and running into planets and creating cratering.

• Through craters, we have fossilized records of this ancient stage of evolution.

• The inner planets are inside a magic line called the "ice line."
+ The temperatures of the gas discs were much higher closer to the star, therefore the only planets that could condense were composed of metals and rocks. Outside the "ice line", planets could be composed of gasses and even vapors.
+ Jupiter is the largest because it is the nearest planet just beyond the ice line and accumulated the majority of the gasses in that region of the gas disc.

• The moons orbiting around gas planets are metal remnants of the creation of its parent body.

• It was once believed that every solar system forms the same way: with rocky planets inside and govian planets outside.

• There are many solar systems that have been observed with very different structures than ours.

Planets and Moons

• There are some "moons" in our solar system of which are actually larger than Mercury or Pluto.
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• The inner planets are denser and less massive than the outer planets.

• 98% of the Universe, the Sun and the govian planets are composed of Hydrogen and Helium.

• Jupiter has more mass than all of the other planets combined. But as massive as it is, it is not hot enough to create nuclear fusion.

• A brown dwarf is an object between the size of Jupiter than the Sun. It hasn't gotten quite hot enough to ignite either.

• The Universe is13 billion years old.

• The Solar System formed 4.5 billion years ago based on debris from a previous exploded star. We can determine this because we have many of the heavy metals all the way up to Uranium which originate from the cores of dying stars.

• We are a second generation star.

• The asteroid belt contains enough total mass to make up a very small moon.

• The asteroid belt is very close to what the entire solar system was like during formation. (Siberia 1912, impact)
Mars and Venus:

Venus

• Venus is almost a precise twin of the Earth. 

• It is difficult to observe Venus because it stays close to the sun at all times. One must observe Venus at sunset or sunrise. This distorts the image due to the Earth's atmosphere.

• The heavy albeido (clouds) on Venus made it difficult to determine how fast the solid Venus rotates.

• Venus rotates backwards as compared to all of the other planets. Possibly due to a collision of some kind.

• There are approximately 914 craters on the surface of the planet.

• In addition, there are bulges of raised crust at which point hot currents of magma flows are hidden.

• Plate tectonics as we know it do not exist on Venus.

• There is an Iron core at the centre of Venus, but there is no magnetic field.
• Venus has the densest atmosphere. Almost entirely Carbon Dioxide. 90 times denser than Earth.

• The hazes around the surface of Venus are composed of solphuric acids.

• Radar mapping can penetrate the clouds of Venus and construct accurate images of the surface.

• The greenhouse effect on Venus means that the sunlight penetrates the clouds and is trapped at the surface.

• By conduction, the entire atmosphere is heated up by the surface. The very top of the atmosphere radiates heat, in fact the same amount that it receives, it radiates. Only at this stage of evolution, however.

Twisted Sister

• Venus' environment has become one of the most alien of them all.

• The pressure and temperatures on the surface are strong enough and hot enough to crush and melt iron.

• The cloud cover captures nearly all of the solar energy it receives.

• Unlike Earth, Venus' proximity to the Sun caused it to boil off ocean and loose any water vapor it might have once had.

• Venus and the Earth both started with the same amount of Carbon Dioxide. Our Carbon Dioxide now resides inside our rocks, but that never happened on Venus.

• Venus has a very inactive Geology.

Mars

• Mars is a very deceptive planet.

• Mars appears to have polar ice caps.

• It also appeared to have seasonal variations.

• The Mariner and Viking missions discovered that Mars was a very barren and lifeless planet.

• The southern hemisphere is very old, cratered and geologically inactive. 

• The northern hemisphere has a much younger surface with a much more active geology.

• Plate tectonics "tried" to begin on Mars, but it never quite got started. This explains why we have extremely large, unshifting volcanoes.

• There is probably an iron core at the centre of Mars, but we do not know very much about it.
• The ice cap on Mars is not water ice, it is Carbon dioxide ice (dry ice). Ice caps doesn't necessarily mean water caps.
• Instead of having a dense atmosphere, it has a very thin atmosphere. Less than 1% of Earth's atmospheric pressure.

• There are surface features on Mars, but no plate tectonics.

• Water is a significantly abundant element in the solar system.

• Impacts from ice comets into Mars and the ensuing evaporation may've caused the water flows on the surface.

Ancient Channels

• Billions of years ago, our two planets may've had much more similarities.

• There is a large system of channels detected on the surface of Mars.

• These channels are remnants of 3 billion year old floods comparable to the end of the ice age on Earth.

• Global dust storms regularly repaint the atmosphere of Mars. The atmospheric pressure is one one-hundredth of Earth's.

• Venus is more massive and out-gassed much more carbon dioxide.

• Mars is smaller and outgases less carbon dioxide and doesn't have enough gravity to hang on to its atmosphere.

Lecture 04: The Jovian Planets
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• Voyager discovered the entire outer soar system in one shot.

• A planet creates an occultation path around the solar system: the path in which a planet hides a star from view.

• The four Jovians and Earth all have a magnetic field. Magnetic fields are caused by electrical current circulation.

• Tips to the spin axis:

Earth: 12o
Jupiter 10 o
Saturn 0 o
Uranus 59 o
Neptune 47 o
Jupiter:

• Recognized by the ancients as a prominent wanderer of the sky.

• No physical surfaces, but an immense gravitational pull to create a very dense liquid.
• Jupiter is made almost entirely made of gasses and liquid under tremendous pressures.

• The pressures lead to the extreme heating of the gasses.

• The coloured clouds are formed by cooling gasses at the surface.

• Jupiter is eleven earths in diameter and spins around its axis once every ten hours.

• This very fast rotation causes the massive storms seen on the surface as the gases "slosh" around the equator.

• The "big red spot" is a well known, persistent, enormous storm system which has been visible ever since we first saw the planet.

• Tropical storms on earth expend their energy when they 

• Radio astronomers in the 50s discovered Jupiter's very strong magnetic field.

• Deep within Jupiter, a metallic hydrogen material provides the electricity for the fields.

• The interior of Jupiter has  rocky core, surrounded by liquid "ices." The majority of the composition of Jupiter is helium and metallic hydrogen, the remainder is ordinary hydrogen and helium.
• Jupiter and All of the Jovian planets have ring systems.

• 86% hydrogen.

Moons:

• Jupiter has 16 moons.

• Galileo discovered the four largest moons orbiting Jupiter: Io, Europa, Ganymede and Calisto.

• In Io's case, there are immense volcanoes which are constantly being churned inside out and renewing its surface. This is due to the close proximity to Jupiter and the enormous gravitational force.

• Io has no atmosphere. If Io moves in closer to Jupiter, it could be torn apart. Io is also in an electrically active location due to the proximity of the magnetic field.

• Europa is about the size of the earth's moon. Europa is almost entirely devoid of craters and is covered by a 10 km thick sheet of water ice. Europa has no craters at all.

• Ganymede is the largest moon in the solar system. It is at least 50% water ice. With large portions of newer terrain.

• Calisto is very similar in composition to Ganymede, but has none of the resurfaced material. One of the most heavily cratered objects in the solar system. Perhaps 4 billion years ago, an enormous chunk hit the surface and melted the frozen ice.

Saturn:

• Saturn is composed of almost entirely hydrogen and helium.

• Surface clouds are composed of crystallized ammonia.

• The atmosphere of Saturn is somewhat "bland" with more sunlight scattering and less cloud covering than Jupiter.

• Saturn's core is also composed of metallic hydrogen. Also responsible for a large fraction of its mass and its magnetic field.

• Saturn's ring system is composed by a large number of water ice particles. A very VERY large snow and ice storm.

• There are thousands and thousands of "ringlets" inside each major ring system, including irregularities and eccentric areas on the rings.

• Spinning very rapidly with a diameter of 9.2 earths and a rotational factor of 10 hours.

• Saturn's density is less than water and 88% Hydrogen.
• In recent evolutionary history, a catastrophic collision might have caused the creation of these relatively young and unstable ring systems.

• The rings are at the exact distance in which no solid moon can exist due to the extraneous tidal forces. About 2.5 radii.
• The metallic hydrogen consumes a smaller portion of the planet than on Jupiter.

• The "milky white" atmosphere is due to the absence of foreign molecules in the atmosphere like on Jupiter.

• The individual rings will often have larger portions of rocks called shepherd satellites. They provide gravitational stability.

• There are "spokes" which are locked into place by the magnetic field and look like shadows on the rings, but rotate with the rings.
Moons:

• Saturn has 18 moons.

• Titan: Larger than earth's moon. Has a very dense and cold nitrogen atmosphere. When sunlight shines on the methane composition of the atmosphere, it creates a dull smog and haze through organic chemistry. the surface is probably composed of solid ice with probably large lakes of methane. There are some smooth portions of the surface which suggests that there is some geological activity. Titan is special because it has a nitrogen atmosphere.

• Menos: an icy object made of frozen water. There is a gigantic crater on the surface of Menos which has been predicted that the object nearly split the planet apart because there is a crack along the opposite surface of the planet.

Uranus:

• First to be found in Modern times: William Herschel.

• Uranus: after the god of the sky of heaven.

• Neptune and Uranus: Rocky core centre, highly compressed water composition, liquid hydrogen and helium surface compositions (same basic materials as Jupiter and Saturn with considerably more ice pockets inside the interior).

• Strange because it seems as if Uranus and Neptune probably have electric fields being driven independent of their rotation factor.

• Uranus' orbital axis is nearly in the plane of its orbit. The tilt is so large that it is more than 90 degrees. The leading theory to explain this irregularity is a large collision during of its formation.

• The tilt does not change the weather patterns significantly because the spin time governs the weather.

• The interior of Uranus has a relatively strong magnetic field which is simply "weird." So is Neptune's.

• Uranus, unlike the other Jovian planets, does not emit more heat than it receives from the sun.

Rings and moons:

• The rings were discovered as stars blinked out before and after covered by the planet.

• The rings are very dark with a very low reflection rating (less than soot).

• Miranda: a "jigsaw puzzle" surface. The crust appears to be a diverse collection of surfaces with various histories. Miranda could be a moon that was smashed apart and then reassembled later.

• The moons also revolve around Uranus in the tilted system. It is not understood how the entire system was rotated on its side.

Neptune:

• Neptune's existence was predicted due to observations of Uranus' orbit.

• The heavier gasses (like methane) and the colder temperatures affect the amount of light and colours absorbed and reflected. This explains why Neptune and Uranus are both bluish in colour.

• The largest visual feature on Neptune is the "great dark spot."

• Several of the Jovian planets have "dark spots", but the more important feature is the flow of the currents around the surface. It is not clear why Uranus does not share this feature,

• The rings of Neptune were discovered by Voyager probe. The rings were so thin and light that they did not cause the stars to blink out.
Moons:

• Triton: so cold that gasses solidify and become snow and frost. Comprised mainly of frozen nitrogen with some water ice. Frost methane. Triton's surface is young with some areas which appear to be volcanic. Even today, Triton is being resurfaced with active geuisers - very unexpected because the internal heat can not be explained. Triton is a retrograde orbit with a very inclined orbit compared to Neptune's equator. Some people believe that Triton was "captured" into Neptune's orbit.
Pluto:
• The only unexplored planet.

• The smallest, the hardest planet to get to.

• Pluto is smaller than our own moon and Pluto's moon is roughly half the size of Pluto.

• Pluto is names after the god of the underworld and Charon is named after the furrymen across the river Styx.
Lecture 05: Meteorites, Asteroids and Comets
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This material is the conclusion of the content included on the midterm.

• The Sun appears to be moving in a figure eight, up and down, over the months.
Not of this Earth

• In 1803, a large shower of meteorites occurred over France; convincing the scientific community that rocks indeed do fall from the sky.

• Meteor: burns up in space. Meteorite: crashes to Earth.

• Stony (very common), Iron (rare and contain nickel) and Carbonaceous (complex and organic) are the three classes of meteorites.

• All of the meteoroids we have discovered originated 4.5 billion years ago (solar system birth),
Celestial Fragments

• In 1801, astronomers sought to find a "missing planet" between Jupiter and Mars.

• Tens of thousands of asteroids inhabit this belt. The intense gravitational pull of Jupiter prevented the fragments from forming a terrestrial planet.

• S (silicate), M (metal) and C (carbon) are the three classes of asteroids.
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• These celestial fragments tell us a lot about the beginnings and composition of the solar system.
Portents of Doom

• Comets were once messengers of bad news: emissaries of chaos in an otherwise stable universe.

• Halley's comet was predicted to have an arrival date long after the end of his own life.

• A probe was sent to Halley's comet and discovered that the comet was mainly composed of ice and organic remnants.

• As a comet in its orbit comes closer to the sun, the ices slowly evaporate. This evaporation creates a "halo" around the nucleus and he sun's solar wind pushes the halo away from the sun; creating the tail we see.

• Uranus and Neptune can act as giant sling-shots for comets far beyond the solar system.

• Shoemaker and Levy discovered a chain of comets close to Jupiter in 1993 which later impacted in 1994.

• Large dark spots were observed on the surface of Jupiter which were approximately twice the size of Earth.

Target Earth

• On the long term, the chances of an impact are exactly 100%.
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• Asteroids in the belt collide with each other and can be thrown into the orbits of the inner planets.

• Once every 18 months, an asteroid about 500 meters across, crosses between the moon and the earth.

• There are great meteor remnants on Earth.

• The KT boundary event involved the extinction of the dinosaurs about 65 million years ago on the Mexican peninsula. Many organisms died out due to the amount of the dust thrown up into the atmosphere.

• An object a kilometer across would devastate the atmosphere.

• The impact itself annihilates the asteroid itself and would throw the dust into the entire atmosphere in 1 second. This would result in a "winter" lasting years.

• It is within our technological ability to discover an asteroid with one year of warning and send a missile to redirect it's path.

The Belt

• Ceres is the largest asteroid in the belt which is the size of an intermediate moon.

• The majority of the asteroids inhabit the belt, but there are many which cross the orbits of the inner planets.

• All of the asteroids put together contain enough material to create only a medium sized moon.

• Kirtwood gaps are narrow spaces which occur between the asteroids at rational intervals. (Do not confuse with the casini division of Saturn’s rings).

• The notion that there could be such a mass extinction of the dinosaurs stimulated scientists to look for others.

• Life may be as rare as one event per Galaxy.
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• Meteor showers occur in predictable intervals of the year as the earth travels into the trail of a previous comet. These showers are composed of minutely small grains of sand.

• A "Fireball" is a much larger chunk of debris.
• 90% of asteroids are called condrites: heterogeneous mixtures of composition.

• 4% Iron, 95% stone, 1% mixtures.

• Meteorites are composed of the same materials that asteroids are.

• Comets are "dirty snowballs" with a rocky core. Similar to rocky/icy moons in the solar system.
• 30 years ago, it was recognized that comets had "closed" or "open (parabolic)" orbits. Today, we know that those parabolas are simply gargantuan ellipses.

• The Oort cloud is what we call the large cloud fifty thousand AUs out from the sun as the origin of the very large comet orbitals.

• The Kuiper belt is enclosed between the Oort cloud and the orbit of Pluto as the home for the short range comets.
• A comet has a head (or coma) and two tails: the ion tail and the dust tail.

• The dust particles have a tendency to lag and stay in the path the comet was traveling in while the ions always point directly away from the sun.

The Tunguska event

• June 3rd, 1908.

• The comet over Tunguska, Siberia exploded over the surface of the earth.

• It is also possible for an asteroid to completely blow itself apart on impact.

• This explosion was very similar to a nuclear explosion.

• 203 samples of meteorites were recovered from the area.

• Seismographs helped to pinpoint the location of the fall-point.

• A circular depression was discovered even twenty years after the impact.

• Additional depressions were excavated in search of fragments, but none were discovered.

• English scientists joined in with the investigation upon their own evidence of an air pressure wave.

• This air pressure wave traveled around the earth twice.

• In 1946, another meteorite was discovered. The landscape of the area was very similar to Tunguska.

• Sizeable Iron fragments were discovered 8 or 20 meters deep within the surface under impact craters.

Lecture 06: Astronomy Tools, Atoms and Starlight
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( There is some Physics in this class (
The Quest for Light

• Our study of the universe is 95% based from studies of electromagnetic radiation.

• In the last century, there have been many breakthroughs in modern technology to allow us to study the universe in ways other than conventional light.

• Extremely hot objects (black holes, neutron stars) generate gamma ray and x-ray radiation.

• Colder objects can generate radio waves.

• High energy waves are blocked by the ozone layer.

• Even on the clearest nights, the atmosphere distorts images received by telescopes.

What we see

• Refracting telescopes had the physical limitation of if the lens was too large, it would bend and shift under its own weight. The "focus" was shifted to reflecting telescopes.

• Twenty years ago, all astronomical detectors were photographic plates.

• After 1970, it was discovered that silicon devices ("charged couple" devices) could detect a great deal more light than photographic plates.

• A good site for a telescope is defined as high elevation, far from human light and air pollution and a thin atmosphere.

• Telescopes on the ground have reached ten meters. It is believed that the next leap is to use more modern optic technology (adaptive optics). This optical technology will attempt to correct distortions in the Earth's atmosphere. Currently, ten thousand corrections per second are possible.

More than meets the eye

• Radio astronomy began as an accident in the early 1930s.

• A broad-based antenna was constructed to detect interference from lighting and other weather patterns. It was discovered that there was a great deal of radio waves originating from celestial sources; the centre of the galaxy.

• Radio telescopes are similar to optical telescopes: parabolic shape, large surface area...

• For human convention, the radio "image" is transformed into a colour representative photograph which would be subject to analysis.

• The best analysis of light can be determined at the shortest wavelengths; this can be done by using telescopes mounted in outer space.

What is Energy?

• Newton did not know the answer to this question.

• Einstein introduced the notion that matter and energy are the same thing.

• A 250 watt light has about the same kinetic energy as a car traveling 100 kilometers per hour and about the same as a litre of water being brought to a boil.

• Energy cannot be created nor destroyed... it can dissipate, degrade, be lost and be unusable.

• There is once kind of energy that is "special." This pure form of energy is visible light.

• The weakest a beam of light can be is one photon wide. This is as weak as the beam can possibly get; a photon cannot be "dimmed" any further.

• Light is just one part of what is referred to as the electromagnetic spectrum.

• Colours of light are our eyes' response to different frequencies of light.

• A prism can break light into the component colours. A second prism will only change a component colours' direction.

• The wavelength of light is measured on nanometers (a billionth of a metre).

• It was some time before definitive experiments were performed to determine the true nature of light.

• Light can behave as a wave AND as a particle. Referred to as the "Wave-Particle duality of light."
• After the proof of the wave nature of light, the next step was to discover in what medium light propagates in. This mystery medium was called "ether," but not proven.

• Light is the vibration of electromagnetic fields.

• Plank's constant is the universal constant which acts as the coefficient of the radiation frequency to determine the energy of the individual photon.

• A photon is the smallest amount of electromagnetic radiation you can have.

The proton

• If an electron is excited from a lower energy level to a higher energy level, energy has been absorbed.

• If that electron is excited from a higher lower energy to a lower energy level, energy has been released.

• Lyman series' shifts occur when an electron shifts down to n=1, Balmer when an electron shifts to n=2 and Paschen when an electron shifts down to n=3.

• When light is directed though the gas of an element, there are certain energy frequencies which are absorbed which are different for each element.

Spectra

• It was discovered that if you place elements inside of a burning flame, particular colours are emitted.

• After analyzing the spectrum, a specific pattern of bars of light was found to be unique to each element.

• Through a series of trial-an-error experiments, three different methods of spectra observation were deduced:

    - continuous

    - bright line spectrum (a thin or rarefied gas glows)

    - absorption spectrum: as the white hot light is emitted from the suns interior shines through the cooler atmosphere, the atmosphere "subtracts" the element spectral lines.
• The information about an element is lost (in respect to spectra) when it is compacted into a solid.

Atoms and Light

• Each atom has a very different "set of stairs" of energy levels.

• The transition between energy levels can last for only a nanosecond.

• A spectral line is produced during these bursts of activity.

• The spectral lines we see are the result of trillions of excited electrons undergoing billions of energy state transitions.

Spectroscopy

• Has played a critical role in modern science, because it essentially ushered in quantum physics.

• By using techniques discovered in spectrographic experiments for elements in the laboratory, we were able to point our observations upward and explore what elements a star is actually composed of.

• By applying fiber optic technology to spectrographs, the art of observing the composition of stars has been greatly increased.

• It is possible to isolate and pinpoint the individual spectra contained within the complex multitude of spectra originating from stars.
• When the Doppler shift occurs, both the frequency and the wavelength shifts because it is propagated at the speed of light.

Temperature and Motion

• It was initially thought that the differences in spectra between stars were due to composition differences.

• The strength of the spectral lines allows us to determine the temperature of the star itself.

• The wavelength of light could be changed depending if the source is moving toward the Earth, or away from the Earth.

• The amount of "shift" of the spectral lines in the red or violet direction can tell us what speed and in what direction that star is traveling.

• This Doppler shift can also be used to determine how fast the star is rotating.
Blackbody

• The absolute coldest temperature is -273 degrees Celsius or zero degrees Kelvin. The degree Kelvin is the same as the degree Celsius, therefore the temperature at which water freezes in Kelvin is 273.

• A Hot Blackbody produces a continuous spectrum.

• A Hot Blackbody can be a stovetop or a star.

• A blackbody absorbs all of the radiation incident upon it and emits radiation according to its temperature.

Summary:

• Electromagnetic radiation is...

+ a form of pure energy that propagates at the speed of light.

+ nothing more than crossed electric and magnetic fields that are oscillating at some very high frequency.

+ we can describe the radiation by measuring its intensity and its frequency or wavelength.

+ it originates in matter, usually from atoms or molecules. However, lower frequency radiation can originate from antennas via oscillating currents and the highest frequency radiation (gamma) originates in atomic nuclei.

• We can learn a lot about the matter that sends out the radiation by examining the intensity of the radiation versus the frequency; its spectrum.

Lecture 07: The Sun
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The sun has dominated the Earth for 5 billion years.

Seeing

• The original method of photographing the sun was through the use of glass plates. Eventually, we gradually introduced videography.

• By passing the sunbeam though many filters and mirrors, we can filter out many photons to dim the image and make it easier to observe.

• Using a spectrograph, we can study very small portions of the solar spectrum. In 1908, magnetic fields were detected on the sun using this technique.

• The science of helioseizmology is what we refer to the analysis of the electromagnetic wave emissions to understand the inner and surface workings on the sun.

• In certain wavelength regions, the atmosphere can be almost completely opaque to ultraviolet light.

• The shimmering and twinkling of stars is called "seeing."

• One of the early Mariner missions confirmed the existence of the solar wind: the emission of the sun's corona into space.

• It is hypothesized that the polar regions of the sun would be significantly different from the equatorial regions we can see. 

Layers

• Made almost completely of Hydrogen and Helium.

• Ten million degrees Kelvin in the core and powers the nuclear fusion furnace.

• Radiative Core: the core radiates energy and heat through this zone out into the:

• Convective Zone

• Photosphere: A range of depths from 300 to 500 kilometers deep. The source of the photons we see with our eyes.

• Ripples on the photosphere are the locations in which cooler gasses sink back under the surface during convection.

• The chromosphere is visible only during a total solar eclipse. Strangely enough, this area is much much hotter than the surface of the sun.

• Spikes called spicuoles are transition regions which pop up out of the chromosphere.

• The corona can now be observed even when there is no eclipse by using coronagraphs.

• The top of the corona and solar transition zone is about a billion times less dense than the surface of this sun. This is probably why it is hotter.

• The solar wind is the ionized particle zone which slowly becomes unbound by the gravity and is shot outward out of the solar system in all directions as the corona speeds up and superheats itself.

Violence

• The sunspots on the sun are caused by intense magnetic zones. These spots can be observed to rotate as the sun does.

• The sun does not rotate uniformly. The equatorial regions orbit the quickest.

• Every eleven years, the intense concentrations of sunspots become stronger and weaker.

• A sunspot will erupt and darken during its period of intense activity.

• The magnetic fields in the field are actually being carried away by the sun's corona.

• Solar flares which excite the Earth's atmosphere create the aurora borealis.

• Solar flares also interact with our power grid. If an overload is unexpected, the power must be shut down to protect the hardware.

• Babcock cycle refers to the regenerative process of the sun's magnetic field as the sun rotates with differential rotation.

• In addition, the sun's energy seems to not regenerate itself every hundred years. It takes a big change in the sun to create a noticeable change in the atmosphere.

• Like all stars, the sun must one day succumb to its own mortality.

Attributes

• The sun has a surface temperature of 5800 Kelvin.

• All of the energy we use on earth came from the sun, with the exception of nuclear power.

• Typically all of the sun spots are in a pair (north pole and south pole). In the northern hemisphere, the north pole spot leads and vice versa in the southern hemisphere. This polarity reverses every eleven years, and back again every 22 years. The entire cycle is 22 years.

• A sunspot is also relatively cooler than the surrounding regions.

• Between Galileo’s time and 1750, a period of time called the Maunder period was when all the sunspots disappeared completely. No one knows why.

• The sun's rotation period is measured by observing the movement of sunspots. Approximately 27 days.
• If you look at the sun in special H-alpha light you can observe certain physical features on the sun's photosphere:

Filaments:
 grooves

Plages: 
 hotspots

Prominences:
 grooves on edge

• Solar flares are very much like prominences hat lift off. This type of activity occurs during intense periods of magnetic activity. Called an active sun.

• In x-rays, very different features can be observed. Dark regions are referred to as a coronal hole because you are actually looking through a gap in the corona. Particles tend to stream out of these gaps toward Earth when we are facing a hole. Sunspot groups are also observable here.

• Iron is particularly stable. It does not react in a nuclear reaction.

• Energy reactions only take place in the core of the sun. It gets cooler as you work your way out.

• The Sudbury Neutrino observatory observes neutrinos which originate from the sun as a result of Hydrogen collisions.

Distances

• The ancient Greeks were the first to document locations of the starts in the sky.

• Astromogy is the measurement of the positions of the stellar celestial objects.

• From the movement of objects, we can determine much about the stars.

• Once a star's position at different times of the year is determined, the star's parallax can be determined using basic trigonometry.

• The more motion, the closer the star.

• In measuring parallaxes during ancient times, it was thought that none existed because the nearest parallax is only 3/4 of one arcsecond.

• In the early 19th century, three techniques were utilized to determine star parallaxes. With the advent of photography, parallaxes could be calculated more accurately.

• Through astromogy, we have discovered that stars are more than several hundred thousand times further away from us than the sun,

Brightness

• The range of brightness was known to everyone in ancient times.

• A scale of magnitudes was created in ancient Greece, and modified to the modern magnitude scale we use today.

• One magnitude represents a 2.5 time shift of brightness.

• The luminosity of a star is not the apparent brightness.

• Knowing how light behaves over distances, it is possible to know how bright a star is if we know how far away it is.

• We now know that there is a tremendous range of energy output between stars,

• There are stars which are as much as a million times brighter, and thousands of times dimmer than the sun,

Heat

• When astronomers first began to take spectra of stars, it was determined that temperature differences would produce different sets of lines.

• In addition, the colour of a star is dependant on its temperature.

• It was thought that there could be a relationship between the temperature and luminosity of a star.

• The Hershel-Russell diagram plots the relationship between the temperature and luminosity: main sequence, white dwarfs and super giants.

Size

• Before the discovery of parallax, observations of binary stars were used to calculate the total masses and the centre of mass when you have the period.

• A Doppler shift in the spectrum is used to determine if a distant speck of light is indeed a binary star.

• Also, if a binary star is rotating on the ecliptic plane, we can observe the masses by way of binary star eclipses and how fast the star is orbiting. This eclipse results in a loss of luminosity intensity.

• There is an almost linear relationship between the star's mass and luminosity with the main sequence stars. The more massive a star is, the more bright it is.

Magnitudes

• Relative magnitude (m): How bright the star appears.

• Absolute magnitude (M): How bright the star really is.

• In ancient times, a star with the magnitude 1 was the brightest star you could see, and 6 was the dimmest.

• Studies were done to determine that the difference in intensity was about a factor of one hundred.

• Five steps on the magnitude scale would have to represent one percent.

• One magnitude unit is the factor of sqrt(5, 100) = 2.52...

• On an absolute scale, we can now discover that it is possible for objects and stars to have negative magnitudes.
• "Smaller" numbers are brighter and "Larger" numbers are dimmer. The sun has a magnitude of about -26.7 while Pluto is at about -15.1.

• These are all apparent magnitudes.

• The apparent magnitude drops by the square of the distance as the star becomes further away.

• The angle that a dime attains at two miles is one arcsecond.

• The nearest star is approximately one parsec away.



Absolute Magnitude    M



Apparent Magnitude    m



Distance (parsecs)        d



M = m + 5 - 5 log d

• Absolute magnitude is the apparent magnitude that a star would have at ten parsecs.
• In the year 1900, we didn't know if other galaxies existed.

• Luminosity is something which can be determined with distances, magnitudes and the colour of a star.

• The colour of a star can be related to its temperature using the blackbody curve.

• A blackbody at 3000 Kelvin would look very very red.
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Holes in the Heavens

• William Hershel called the large dark spaces between stars, "vacancies."

• These dark spaces are not the absence of stars, but a dark "curtain" preventing the light from getting to the Earth.

• These dark spaces are filled with dust, gasses and the nurseries for new stars.

• This interstellar medium is made up of small particles of dust and gasses. The gasses are predominantly hydrogen. We observe this gas by observing the all sky map.

• The densities of this gas varies from very little (1 atom per cm3) to very dense clouds in the outer cloud layer.

• By volume, the dust component is very little, but it is still very important for us to understand the interstellar chemistry.

• These dust clouds sometimes only partially obscure the starlight. It could cause the stars to become darker and redder (like a sunset).

• Sometimes the dust clouds reflect the blue light from nearby stars back to us.

• Dust can act as a catalyst to allow atoms to pair up to create molecules. We have proven this with radio astronomy.

A Star is Born

• These vast dust clouds contain the very elements required to make up a star.

• We know that sometime before a star exists, we could observe a collapsing dust cloud.

• Dust clouds also shield the inner cloud from gamma rays which might heat up the cloud and prevent it from collapsing.

• Some kind of external event could trigger the dark, cold, dense clouds to form a star. This event could be s shock or pressure wave.

• Slow moving particles begin to collapse into the core and as the temperature and pressure increases, nuclear fusion can begin.

• Most of these stars form in larger families in 50 to 100 stars.

• Very young stars orbit each other and Hollywood. 

Womb with a view

• As we look into the infrared areas of the sky, we can determine the temperatures of dust clouds to infer the existence of protostars.

• Far and near infrared wavelengths are difficult or impossible to analyze from the earth's surface. An airborne observatory can get above the atmosphere and analyze the infrared wavelengths.

• A T-tauri star is newborn star which is beginning to have a solar wind and blow away the dust cloud in which it was formed.

• The two fundamental things we can observe in a star so how bright it is and how hot it is.

• Larger numbers on the magnitude scale actually represents a dimmer star.

• At ten parsecs, the apparent magnitude equals the apparent magnitude.

• Also, magnitude can be compared to our sun by this formula:

    M = 4.8 - 2.5 log (L / Lo)

    where Lo is the luminosity of our sun.

• Almost all of the stars we can see with our naked eye are brighter than our sun. Our sun is not a very bright star.

• Luminosity is the physical amount of energy that leaves the star per unit time.

• Temperature is the other important attribute we can determine from stars. We measure the stars' temperature by observing their colour.

• In a Herspring-Russel diagram, the brightness is always increasing up the axis and always going from hot to cool from left to right.
• 80% of all stars are on the main sequence. (The stars plot is never a scatter plot).

• Stars n the main sequence are burning Hydrogen in their cores.

• 99% of all stars can be catalogued accordingly. Our star is a G2 star.

• As you go down the main sequence, the cooler stars are less massive and the hotter stars are more massive. In addition, the cooler stars have longer lifespans. Our star can live for 10 billion years before it begins the next stage of its life.

• Clumps of stars called globular clusters are in a halo around the galaxy. These clumps are chemically different from plane stars for reasons we do not understand. These stars do not have many amounts of heavy elements (metal poor stars).

• All the stars in a cluster are about the same age.

• Luminosity class ranges from one to five with the main sequence stars at class V and luminous supergiants at class I.

• White dwarfs are sometimes referred to as class VI.

• The brighter the star, the more massive it is. This is true all along the main sequence. Also, the less luminous, the lower the surface temperature.

The Evolution of Stars

• A star generates the energy of a billion atomic bombs every second of its existence.

Stellar Power

• A Star is a self gravitating sphere of gas that generates energy.

• Nuclear fusion is the result of proton collisions in the high velocity impact particles.

• Hydrogen nuclei form lighter helium. The "missing" mass has been converted into pure energy. Represented by the equation: E = mc^2.

• Fusion on Earth is next to impossible to create on earth due to the incredibly high temperatures required.

Stellar Clairvoyance

• Computer modeling provides clues into the distances, temperatures and compositions of distant stars.

• Neutrinos are generated in the centre of the sun and flow towards the earth. In the Sudbury Neutrino observatory is deep underground to detect neutrinos.

• A neutrino is one of the most fundamental particles in existence.

• Photons can take up to a million years to move from the core of the sun to the surface.

• Neutrinos flow out of the sun instantaneously without interacting with anything.

• A neutrino is very difficult to detect. Sometimes, very VERY rarely, Gallium is converted into Germanium when impacted by in a neutrino. Also, Chlorine can be converted into Argon when impacted by neutrinos.

• There are two classes of explanation:

    - neutrinos fundamentally change as they move from the sun to the earth.

    - perhaps the centre of the sun is slightly cooler than we thought it might be.

• The Sudbury observatory has solved this problem.

Stellar Lives

• A sun is a balance of stability between the gravity trying to collapse the star and the energy trying to make the star expand.

• Massive stars have a lot of weight, and require a large energy amount to keep the star from collapsing. All this energy escaping to the surface would make the star very bright.

• Brown dwarfs are objects whose mass is insufficient to stabilize on the main sequence and burn nuclear fusion in its core.

• When the hydrogen in a star runs out, the core collapses and a much hotter reaction is triggered in the centre. In response, the star's envelope expands into a red giant and the core cools again.

• In an old cluster, all of the upper sequence stars are missing because they have died.

• An HII region is a nebula consisting of protons (hydrogen with the electron ripped off).

• An OB region is a luminous gas region in which new stars are lighting up the gas with the strong ultraviolet emissions.

• A T-Tauri star is the name of a star at a particular early stage of evolution. Names after an the observed star to be in this phase.

• The Universe has only been around about 15 billion years. Stars with lifespands longer than this have not even had an opportunity to live out their life yet.

• Originally, we thought that the sun (and all stars) had enough gravitational potential energy to generate the heat and light energy we see. This was very incorrect.

• If life on earth doesn't end before the sun swells into a red giant, it will then.

• RR Lyrae varibles and Cepheild variable’s pulsation and brightness are directly related. Therefore, we can calculate the distance very easily. 

• pop1 = plane. pop2 = globular cluster.
• The Hersprung-Russell diagram for a globular cluster is very important from the TEXT.

• Ages estimated incorrectly of globular cluster stars were so because of the dust clouds reducing luminosity.

Lecture 09: Deaths of Stars, Neutron Stars and Black Holes
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The Deaths of Stars

The Fate of Our Sun

• When the sun become a red giant, our planet will become uninhabitable.

• Our sun lives on the main sequence, characterized by Hydrogen to helium to burning in the core.

• When the Hydrogen runs out in 5 billion years, the inner core will shrink and the outer mass will increase to a huge envelope.

• The red giant is cooler, but brighter and produces more energy.

• The sun will expand into the inner planets and consume Mercury and Venus.

• The core temperature will increase to 100 million K as the Helium becomes the fuel by converting into carbon and oxygen.

• The outer envelope of the star will blow out of the outer layers and produce a planetary nebula.

• Planetary nebulae allow the stars to be left with the carbon-oxygen core about the size of the earth and incredibly dense called a white dwarf.

• A white dwarf will radiate out all the energy it has very slowly, becoming cooler and smaller. It will survive longer than the current age of the universe.

• Main sequence star, red giant, nebula, white dwarf, brown dwarf.

Stellar Fireworks

• The most massive stars explode, unlike the lingering main sequence death.

• A binary star can steal energy from its companion.

• Nova: a white dwarf accumulates Hydrogen from its companion an after a long buildup, uncontrollable nuclear fusion reactions can take place and explode. This process can occur very frequently if the companion has a lot of energy.

• Supernova Type I: If the white dwarf accumulates so much energy that its mass is at an upper limit and explodes. Requires a companion.

• Supernova Type II: A star without a companion will collapse in much the same way as a white dwarf, but the core cannot contain the immense density that it is required to. The star's temperature is so high that the Iron breaks apart back into Hydrogen and Helium. The core collapses as the outer layers condense and the core rebounds from the compression and emits an explosive burst of energy. The entire star blows apart and create a neutron star. These stars emit a large amount of neutrinos due to their incredible temperatures.

• A shock wave produced by the supernova scatters the nuclear ashes away from the system. These particles could contribute to the birth of new stars and protoplanets.

• Supernova remnants are enriched in heavy chemical elements detectable with the use of spectra. The iron in our blood was definitely made in a supernova.

• Brahe detected a new star in the sky. Years later, Keppler detected a new star himself. Both of these supernovae occurred in our galaxy.

Star Witness

• In 1987, the first detectable by the naked eye supernova was found four hundred years after Keppler. It occurred in a neighboring galaxy.

• The 1987A supernova was a blue supergiant; a type II supernova.

• The supernova which occurred was close enough to the Earth so that we may test new theories about the explosion.

• In addition, a flood of neutrinos hit the earth; the first extrasolar neutrino emission we could detect.

• The light curve of 1987A was concurrent with the predictions of the probable decay pattern.

• Gamma rays were also detected, this points to the existence of radioactive nickel atoms. This conclusively confirms that they were produced in the supernova because these nuclei only live for a few years.

• SN 1987A occurred in the Magana dust cloud.

• Different stars die different deaths. Some die quietly and others die explosively, producing new and heavier elements.

• A planetary nebula is called a planetary nebula because it was first thought that the disk looked like the disk of a planet.

• Sirius B is a white dwarf companion to Sirius A.

• A white dwarf star is very small, very hot and cooling down on its own. The heavy elements all became so compressed that the identity of the elements became lost because the nuclei were condensed together. Electron degeneracy pressure dictates how compressed this core and these elements can be.
• The Chandrasekhar limit dictates how massive a star can be before electron degeneracy can no longer support the pressure and allow it to supernova. This limit is 1.4 solar masses.

• Photodisintegration is what happens after the iron elements decay and the core becomes as dense as nuclear density. As this happens, the protons and electrons become Neutrons and the star becomes a neutron star.

• It is possible for a single star during a supernova to produce as much light energy during one day as the entire galaxy does.

• Supernova remnants are another kind of fuzzy spots.

• The crab nebula is the most famous supernova remnant because it has a centre which turns on and off: a pulsar. Many supernova remnants do. Pulsars are rotating neutron stars.
Neutron Stars and Black Holes
• Pulsars and black holes are remnants of supernovas.

• Neutron stars are primary composed of Neutrons. Their density is comparable to that of the density of the atom.

• Inverse beta decay occurs when a neutron and a neutrino are formed from the collision between a proton and an electron.

Neutron Stars and Pulsars

• In 1987, pulses of radio waves were detected in the sky. This source was thought to be the first LGM (Little Green Men) signal from an extraterrestrial life form.

• These new radio sources were classified as pulsars.
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• These pulses are due to the rotations of supernova remnant neutron stars. As the magnetic fields rotate, streams of particles at the poles are forced out.

• If Earth is not in the path of the poles, we will never see the pulsar.

• To confirm that pulsars are rotating neutrons, one must be detected in the remnant of a supernova. When this was discovered, it was confirmed again with optical telescopes. This pulsar is in the crab nebula and flashes 30 times a second.

Black Holes

• At 2 or 2.5 solar masses of the core, the star becomes so compact that the escape velocity at the surface s the speed of light.

• A black hole need not be preceded by a visible supernova. If the core is compressed so quickly that the “rebound” of the surface stalls, a black hole will result.

• A substantial fraction of supergiant stars will not supernova, they will go directly to black holes.

• A black hole sucks in matter due entirely to their gravitational power.

• We have never actually witnessed the formation of a black hole.
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• In a binary star system, one of the companions can be a black hole. A visible star will be seen to be rotating around something invisible.

• As the black hole steals matter from its companion, a swirling disk of gas can be theoretically observed due to the large temperatures that the gas will achieve. Before the gas crosses the event horizon, the super hot gasses will emit observable x-rays.

Inside Black Holes
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• Einstein's general relativity theory supports black holes.

• The centre of a black hole is composed of pure curved space-time and nothing else. This is a singularity.

• Two theories of black holes exist: one which rotates and one which does not.

• The Schwarzschild event horizon is the boundary in which you cannot see anything.

• Where the space is being dragged around by the singularity exists Ergoregion.

• There is speculation based on Einstein's theories that entrance into the black hole will result in the matter being transported into a different time and space.

• It is unknown weather or not gravitational radiation is emitted from rotating black holes or colliding black holes.

• The only observable features of a black hole are: mass, angular momentum and charge.

• Einstein's special theory of relativity deals with things which are moving close to the speed of light.

• Einstein interpreted gravity itself as the curvature of space-time.

• As you approach high speeds, time is treated as the fourth dimension. In special relativity, the space-time is curved and in general relativity, it is Euclidean.
• When five solar masses compress into a point, these is no space. The physical size of the black hole is defined as the event horizon. It affects the outer world as if the size of the point were the size of the event horizon.

• The radius of the event horizon is dependant of the amount of mass which was sucked into the point.

• If you relate the formation of the solar system to the formation of the galaxy, it is conceivable to believe that the centre of a galaxy is a supermassive black hole.

• If a black hole passes in front of a galaxy, we will observe multiple images of the galaxy around the black hole as the light becomes bent.

• Light can travel at the speed of light because it has no mass.

Lecture 10: The Milky Way and Other Galaxies
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The Milky Way

• We look at the milky way edge-on, therefore we know that we are in the plane of the galaxy.
Discovery
• William Hershel discovered that there was a concentrated region of stars in which our solar system also resides.

• Hershel defied Copernicus' heliocentric model by introducing his Galactic model... still with our solar system in the centre.

• The immense amount of dust in our galaxy made it very difficult to determine what our galaxy looked like.

• Shapley observed a type of star known as a Cepheid variable within a globular cluster. A globular cluster is a very old very large star grouping system outside of the plane of the galaxy. A Cepheid variable is a star whose brightness varies with the passage of time.

• If the Cepheid variable star was brighter, the longer the period of revolution for the change of luminosity. By knowing the difference between the apparent brightness and the absolute brightness, we can determine how far away the star is.

• By measuring the distances to all the globular clusters and then determining the distances to their collective centre, we could discover the location of the centre of the galaxy. Shapley concluded that the milky way was about 300 thousand light years across with our solar system offset. This big-galaxy model had out galaxy in the centre of the universe with other galaxies being attributed to simply other phenomena orbiting away from the plane of the galaxy with the globular clusters.

Formation

• The distribution of red stars and blue stars are distributed differently throughout the galaxy.

• We believe that the first starts which formed in the galaxy inhabit the globular cluster.

• A billion years was required to form the milky way galaxy during the epic of galactic formation from the original primordial gas cloud. The halo stars formed first with the rotation factor of the gas cloud at that time.

• As the gas cloud collapsed, the rotation became more traditional as a flat disc; the tendency inherited by the rest of the stars in the galaxy.

Penetration
• Today we know the basic size and shape of our galaxy despite the interference of  interstellar media.

• We can only see a small bubble of the galaxy in our own field of view.

• We can only see extragalactic objects (other galaxies) if we look away from the parallel of the Milky Way plane.

• The discovery of the 21 centimeter Hydrogen line was very important to radio astronomers in order to determine more about the shape of our and other galaxies.

• We have been able to construct maps of the Milky Way galaxy using this 21 centimeter all sky data.

• The speeds at which stars orbit the centre of the galaxy changes depending on where the star is positioned on the spiral arm.

• Spiral arms are a wave phenomenon; evolving in a way similar to how a traffic jam develops. These waves are waves of density in the gas and material.

• The compression of materials creates a shockwave which could stimulate the growth of new stars.

• Hot, young, newly created star clusters inhabit the spiral arms. The breaks between the arms are not devoid of stars, but are inhabited by cooler, older stars.

• The bulk of the galaxy is tied up in these stars. The galaxy has a very very high aspect ratio; extremely thin relative to its width and general size.

• We cannot see into the centre of the galaxy with visual telescopes because of the dust concentrations. However, we use radio and infrared telescopes to see that far more clearly.

• There is a galactic bulge in the centre of the galaxy where the globular clusters and spiral arms all meet and the width of the plane increases. The speed of objects in this bulge is very high. There is an enormous concentration of mass in this bulge. This mass is possibly explained by a black hole.
• An amazingly large number of spiral galaxies have a smaller companion galaxy. This could be explained by the collision of other galaxies.

• It has been proposed that our galaxy is actually a barred spiral galaxy.

• Our Sun is 26'000 LY away from the centre of the galaxy; out of a possible 50'000 LY of the radius of the galaxy.

• The pulsation rate of a variable star depends on the composition of the star. Variable stars in globular clusters must be treated differently from variable stars in the plane of the galaxy.

• We have four major galactic arms in our galaxy. Our sun is not in any one of them. We inhabit the orien arm, slightly shorter than one of the other arms.

• The orbital speed of objects in the galaxy is dependant on the distance from the centre. The objects in the galactic nucleus orbit the centre slowly and those at the outer arms orbit the fastest at around 300 km/s. Keplerian orbits predicts the drop off of speeds at the outer edges. This prediction is false because of the near constant speeds. This constant could be attributed to having an extremely substantial halo of matter around the galaxy. However, because we cannot detect this matter, we have named it dark matter and are now attempting to explain it.

• We suspect that we might one day be able to understand dark matter by measuring the dark matter effects in underground observatories.

The Fuzzy Spots

• Messier in the 17th century catalogued 110 “M” objects which were unknown moving and fixed fuzzy spots...

• Emission Nebula or H II region - Star formation region. (Orion Nebula)

• Open cluster - the evolutionary destination of emission nebula. (Pleiades)

• Planetary Nebula - shell of old star expelled into interstellar space. (Ring Nebula)

• Supernova remnant - gas and dust cloud expelled following a supernova explosion. (Crab Nebula)

• Globular Clusters - Clumps of old stars outside the plane of our galaxy; in our galactic halo. (M13)

• Distant Galaxies - called island Universes by Kant. (Andromeda, LMC, etc...)

• All of these M objects can be seen with binoculars (except the Crab Nebula).

• Over 1000 NGC objects have been catalogued in the new library system, including the M objects.

• The plane of solar systems and the plane of the galaxy have no correlation and our solar system is in fact at a right angle to the plane.

• The rotation curve of our galaxy does not obey Keppler’s laws. It in fact indicated the existence of dark matter.

Other Galaxies

Beyond the Milky Way

• Shapley proposed that all spiral nebulae were not extragalactic and that our galaxy was the entire universe.

• Hubble discovered that Andromeda contained a variable star; indicating that it was very far away, at least a million light years away.

• With that observation of a single variable star, we could conclude that we live in a rich universe of many galaxies.

• Later, Hubble discovered that not only was the Universe consisting of galaxies, but he discovered that the galaxies are moving away from each other and that the galaxy was expanding.

• Hubble's law is the association between red shift and distance with regard to galaxies and is the current chief supporter of an evolutionary universe.

• The numerical value of Hubble's law when calculated will determine how long the universe will continue to expand, if the universe will ever stop expanding and if the universe will collapse or not.

• Galaxies are classified entirely by their appearance:

- elliptical: efficient stellar formation in which virtually all the gas in the galaxy was consumed in a single star forming event.

- spiral: pinwheel appearance with bright spirals and slow forming stars and less efficient gas consumption.

- irregular: stars are forming randomly over the face of the galaxy at random time intervals.

• For every galaxy, there are perhaps ten dwarf galaxies consisting of less stars than the massive galaxies like our own.

• Most galaxies started to form approximately 15 billion years ago. In elliptical galaxies, star formation had halted 14 years ago.
• Hubble believed that the appearance of a galaxy changes over time as it ages. This was incorrect. A galaxy was born as the type of galaxy is it was.

• Environmental conditions such as galaxies in a state of a merger or collision could attribute to irregular spirals or typical ellipses.

• In particular regions of the universe, super galaxies can be formed by "galactic cannibalism" when many galaxies are consumed by a single galaxy.

A Grander Scale

• Our galaxy is a member of a 20 member group called The Local Group. The total size of this group is approximately 300 million light years across.

• Our local group is just in the process of forming. In 4 or 5 billion years, it is possible that our galaxy and Andromeda could collide.

• Around our galaxy, we have our own companions: The large and the small Mangelenic cloud.

• These clouds will eventually merge with us to create a slightly bigger milky way.

• Galaxies are not distributed evenly throughout the Universe. Galaxies are clustered into neighborhoods. In the last 10-15 years, we have discovered that the distribution of galaxies are actually defined by a very complex pattern, dictating that the galaxies form a complex tapestry of a "lace" throughout the universe.

• The largest clusters of galaxies are called super clusters. These clusters are separated by the cosmic void, completely devoid of stars.

• The Local Group seems to be on the outskirts of a forming super cluster. This entity is called the great attractor, a continent of dark matter.

• Our galaxy and other galaxies around it are streaming towards it and retarding its motion.

• During the big bang, every little peak in density would be enough to pull matter together to create the ancestors of galaxies.

• There are two large spiral galaxies in our local group: ours and Andromeda (2.3ly away).

• The small and large Mangelenic clouds are irregular galaxies orbiting our own.

• The large Mangelenic cloud is where SN 1987A took place.

• Andromeda is as large as the full moon in the night sky.

• We cannot see beyond 15 billion light years, because it is impossible to see before the time of the big bang. This is not the edge of the Universe, this is simply the horizon of what we can see.

• The number after an E designation of an elliptical galaxy distinguishes how elongated it is. E0 is circular.

• Collisions between Galaxies are probably more common than we realize.

• There is no way could see another solar system in another galaxy. Our horizon for that is approximately 50 or 100 light years - essentially in our backyard.

• The interactions between two galaxies could be attributed to the formation of spiral arms.

Hubble's Law:

Velocity = Constant * Distance

Constant (Ho) = 72 ± 8 km/s Mpc

Mpc = Megaparsec
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Peculiar Galaxies
• Most galaxies in our universe which we see have light generated by stars.

• Active galaxies have light produced from a source in their centers which are not starlight.

Shocking Red Shifts

• Astronomers discovered Quasars, a strange point source of light. They do not have the same size and shape as stars, they appear fuzzy. They are not strong radio sources, but they were discovered because of them.

• 3C273 was the first Quasar to be discovered. It's spectrum was very different from stars. In 1963, it was discovered that the spectrum was shifted 15% towards the red with 6 Ballmer (Hydrogen) lines.

• The shift was a shift of the Ballmer series itself. This shift was incredible because it pointed towards the fact that it was traveling 15% of the speed of light away from us.

• Another extraordinary fact was that it was many times brighter than other objects at that distance.

• The intrinsic brightness of quasars were calculated to be approximately 100 times brighter than entire galaxies.

• The Quasar is extremely compact. We have discovered this because it was observed that the luminosity and size would fluxuate over a small time interval.

• Quasars are luminous in many of the different radio regimes, power output in all areas of the spectrum.

• How does this much power come from such a small place? 

A Beacon at the Beginning of Time

• It is believed that a Quasar consists of a very massive black hole sitting in the centre of an otherwise normal galaxy.

• The massive amounts of light would be emanated from matter being sucked into the accretion disc.

• Eventually, Quasars run low on energy and the galaxies become normal.

• It is necessary to look back to almost half the age of the universe to see Quasars because they are no longer existent.

• Many people think that Quasars formed as part of the normal formation process of galaxies, and then gradually died out.

• Quasars are very valuable in studying the universe because we can see them so clearly in such a great distance. The light we see passes through all the materials in the cosmic void which we can study.

• Quasars are the objects we can see closest to the big bang. We may be able to use them to probe the conditions of the Universe shortly after the big bang.

Distant Relatives

• Active galaxies are called active because the peak of light in the centre of the galaxy does not have a light pattern like starlight.

• Cepher galaxies are usually galaxies with unusual nuclei consisting of strange gasses and stars.

• Radio galaxies are rare galaxies which emit radio waves from molecules spiraling in electromagnetic fields.

• A popular idea is that all galaxies generally contain the same features, but our viewing angle of them affects how we interpret what we see.

• A very thick ring surrounding the nucleus of a galaxy can obscure our view of the core of an active galaxy.

• Using polarized light, we were able to discover a core of an active galaxy and that the core was 100 times brighter than what we already were able to see.

• Gravitational energy seems to explain the radio lobes which we can observe at outer edges of galaxies.

• Radio galaxies, Quasars and other active galaxies are relics of the formation of the universe.

• It is not understood why there are fewer peculiar objects today. Quasars might be evolving because of a change of habitat.

Vast Distances

• These objects which are extremely far away are measured using red shifts which we can convert to distances.

• In 1936, there were three detectable sources of radio waves in the sky: the crab nebula, direction of Sagittarius A (centre of our own galaxy), Signus A. These sources range from 30 thousand to a billion light years away. Signus A was a quasar source. It was strong enough fro amateur radio astronomers to see, but is extremely dim for optics to detect.

• Radio sources were catalogued in 1959. (3C numbers).

• By the 1960s, Quasars were being observed, but not understood. Called quasi-stellar objects.

• A debate began because half of the scientific community could not believe that the spectral lines were accurate in specifying quasars distance due to the immense light being produced.

• The strongest argument for the immense energy theory is that absolutely no blue shifts were discovered for quasars. In fact, every quasar we observed were moving very very quickly, always in the direction away from us.

• 10% of the largest galaxies are Cepher galaxies.

• Matter falling into the centre of a supermassive black hole will create most of the things which we can observe.

• Galaxies were forming within a billion years of the big bang, and if galaxies were forming around the centers of matter clumps, it is possible to create all kinds of objects depending on the behaviors of the centers.

• A jet of relativistic particles, matter, energy and radio waves is spat out away from a black hole during the accretion process.

The Big Bang

• Space itself was created then.

• All matter everywhere was once in the centre of the big bang.

• The big bang happened everywhere. Any direction we look, we are looking at the big bang.

• We can look at history real time the further away we look.

Expanding Universe

• Oberra's paradox: Why is the sky dark at night?

• The night sky is dark because the universe is not infinitely old. The universe had a beginning. Oberra's paradox is this evidence.

• Radiation from the most distant galaxies hasn't even arrived here yet.

• We can see into areas of space where there are no galaxies because they haven't formed yet.

• Einstein's general theory of relativity indicated that the Universe was expanding.

• Hubble's law is a mathematical representation of the velocities of distant galaxies moving away from us to calculate the rate of the expansion of the universe.

• From our point of view, the further away a galaxy is, the faster it is moving and the greater its red shift.

Eternal Questions

• The primeval atom theory - the hot big bang: all matter, energy and space-time itself formed from the micro volume singularity.

• The steady state theory: as the universe expands, new matter is created. There was no beginning, infinitely old.

• The flaw in the steady state theory was that there were no super ancient galaxies found, and the microwave background radiation we can detect is a remnant of the big bang.

Echo of Creation

• The cosmic microwave radiation is a relic from the time a few hundred thousand years after the big bang at which point the universe became transparent to light.

• Temperature fluxuations across the sky is slightly higher and slightly lower in different directions have been discovered. These are Colby fluxuations and have existed since the dawn of the universe.

• The dips and peaks have been and are increasing as the universe evolves.

The Start of Something Big

• The very space-time of our universe was born at the instant of the big bang.

• Cosmology begins at 10-43 seconds after the big bang. Einstein's theories describe the Universe here and onward.

• The Universe was basically a smooth, hot gas of pure energy and radiation which produced the ancestors of particles as we know them today.

• A few minutes after the big bang, 25% of the Hydrogen was converted to Helium. We can observe this today.

• As the universe thinned out, particles began to have room to move without instantly colliding with something else.

• A million years later, the universe finally became transparent.

• A billion years later, galaxies formed from the clumps of matter created from gravitational attraction.

Cosmological Constants

• Einstein tweaked his general theory with something called the Cosmological constant which he later referred to as his greatest mistake.

• It may not be correct that our laws of physics are uniform through the entire universe. There is a great deal of evidence that our physics are uniform, but this still may not be the case.

• The universe expansion theory was the simplest theory to explain all the red shifts we could observe.

• A blackbody is a curve of energy versus wavelength. There is a theory that this blackbody curve is dependant on the temperature. When one measures the power of the cosmic background microwave, the points fit the theory perfectly.

• The best reading of the measurement and the theoretical curve was done by a Canadian group in a balloon.

• Planck's function was calculated at T=2.736K.

• The chemical abundances of Hydrogen, deuterium and Helium are "bang on" with the calculations of primordial nuclear reactions.

• The deviations of the temperatures in the sky are measured in extremely high resolution. Again, the calculations were exactly as calculated under the assumption of the big bang.

• The big bang is an explosion of space and time itself. If this event takes place, how in the world can our physics possibly describe that in less than a second afterwards.

Three Major Reasons for accepting the Big Bang Theory:

1) Spectral "red shifts"

2) The 2.725K black-body radiation.

3) Cosmic abundance of the light elements.

• 30% or 40% of everything in the Universe is dark matter, and we don't even know what it is.

• The other 70% is something even stranger than that. We refer to it simply as a constant in Einstein's equation.

• The Universe is composed of some kind of field which we cannot see, cannot detect, cannot understand and cannot determine. Hello middle ages.

• Before 10-43 seconds at the big bang, all of the four fundamental forces have to unify. This is the unified field theory.

• We call the time interval of 1 million to 100 million year marks the dark ages. We do not know what was happening here. 

•  Olber paradox was exposed as trivial 8 years ago by a cosmologist in Waterloo.

