Chapter 30 – Astronomy - Teacher Notes 2015
Lesson 1 –Our Star – the Sun

The sun’s mass is 99.8 percent of all the mass in the solar system. 

Its gravity is strong enough to hold all of the planets and other distant objects in orbit. 

The Sun’s Interior

The sun does not have a solid surface, but has an interior and an atmosphere. 

The sun’s interior consists of the core, radiation zone, and convection zone- Each with different properties. 

(1) The Core

The sun produces an enormous amount of energy in its core, or central region. 

The sun’s energy comes from nuclear fusion. 

In the process of nuclear fusion, hydrogen atoms in the sun join to form helium. 

(2) Radiation Zone

The light and heat produced by the sun’s core first pass through the middle layer of the sun’s interior, the radiation zone. 

The radiation zone is a region of very tightly packed gas where energy is transferred mainly in the form of electromagnetic radiation.

(3) Convection Zone

The convection zone is the outermost layer of the sun’s interior. 

Hot gases rise from the bottom of the convection zone and gradually cool as they approach the top.

Cooler gases sink, forming loops of gas that move heat toward the sun’s surface. 

Sun’s Atmosphere (1) Photosphere

The sun’s atmosphere consists of the photosphere, the chromosphere, and the corona. 

The inner layer of the sun’s atmosphere is called the photosphere. 

Photo means “light,” so the photosphere is the sphere that gives off visible light. 

(2) Chromosphere

This glow comes from the middle layer of the sun’s atmosphere, the chromosphere. 

Chromo means “color,” so the chromosphere is the “color sphere.”

(3) Corona

During a total solar eclipse, a fainter layer called the corona is visible. 

The corona sends out a stream of electrically charged particles called solar wind. 

Sunspots

Features on or above the sun’s surface include sunspots, prominences, and solar flares. 

Sunspots are areas of gas on the sun that are cooler than the gas around them and usually occur in groups. 

Prominences

Reddish loops of gas called prominences link different parts of sunspot regions. 

Sometimes the loops in sunspot regions suddenly connect, releasing large amounts of energy. 

Solar Flares

The energy heats gas on the sun to millions of degrees Celsius, causing the gas to explode into space. 

These explosions are known as solar flares and can greatly increase the solar wind.

Solar Weather

The sun is not quiet, its weather is magnetic.

Its magnetic field is powered by the energy flowing outward through moving currents of gas.

This also creates gases that are highly ionized.

A great conductor of electricity, its magnetic field is not stable because the Sun is not rigid its plasma.
Since some parts of the sun rotate faster than others it is believed its magnetic field is repeatedly tangling and untangling in 11 year cycles.

We see these as sunspots and solar flares.

Lesson 2 - How a Star Dies – Stage 3 of their life Cycle 

The three ways a star can end - It can go quietly and become a 

(1) White Dwarf

Or supernova into a 
(2) Neutron Star

(3) Black Hole

End stage of a Medium Mass Star 

A white dwarf is created when a red giant (with about as much mass as the Sun) runs out of fuel, cools and begin to contract under gravity.

The contraction converts gravitational energy into thermal energy.

Unable to fuse oxygen and carbon in its core - the star releases its heat.

The outer parts expand and gently get blown away into planetary nebula.

Heat Wins - Leaving behind a hot core made out of carbon and oxygen – a white dwarf.

End Stage of a Massive Star 

Stars on the upper main sequence have too much mass to die as white dwarfs.

Unlike Medium-mass stars, the massive stars can get hot enough to fuse carbon. 

Nuclear fusion goes faster and faster, fusing oxygen, neon, sulfur and silicon as the star evolves rapidly to support its weight and remain stable.
Fusion in Massive star 

Massive stars will fuse elements until it gets to iron.

Iron is a tightly bound atom and the amount of energy needed to fuse it exceeds the amount of energy released by the fusion itself. 

Like a stellar vampire, iron fusion sucks the energy out of the star instead of radiating it. 

The heat emitted by fusion is no longer hot enough to counteract the force of gravity.

Gravity wins and the star collapses in less then a second.

The collapse creates a traffic jam of material at the core and shock waves burst outward through the surface of the star and blast it apart in a supernova.

Two Types of Supernova
Only 3% of all the stars in the universe implode.

A supernova is the explosion caused by the collapse of a massive star.

There are two main types of supernovae.

Type I of Supernova (No Hydrogen) 

Type I supernova has no hydrogen lines in their spectra and is caused by the collapse of a white dwarf.

A white dwarf with a core of carbon and oxygen would create this explosion if it was close enough to steal the mass of a partner (binary) star.

Its density would attract the other stars lighter mass and re-ignite its core – quickly fusing carbon and oxygen.

Within seconds it would run out of fuel and blast away the outermost layers in a violent explosion that is 6 times brighter than a supernova II and rivals that of the host galaxy.
No object would be left by a Supernova I – the white dwarf is completely destroyed.

Type II of Supernova (Have Hydrogen) 

Type II supernovae in contrast do have hydrogen.

These supernovae are the result of an explosion caused by the collapse of a massive star.

The energy from a supernova II would fuse elements heavier than iron, elements like gold and silver.
Leaving behind a Neutron Star or maybe even the theoretical Black Hole.

Lesson 3 - Newton Vs. Einstein – Theory of Relativity

Isaac Newton is credited with introducing the idea that the motion of objects could be described by a set of physical laws. 

Issac Newton’s could not explain where gravity came from only predict its strength.

Take for example the distance of the moon from Earth – Using Newton’s calculations you would end up off by about 11 yards.

Albert Einstein 

In 1916 – Einstein published the theory of relativity. 

His theory includes special relativity also known as space-time (After this he proposed general relativity which includes gravity).

Space-time is interpreted with space being three-dimensional and time playing the role of a fourth dimension.  

Space-time

In Newton’s universe space is empty with stars and galaxies.

In Einstein’s universe space is a fabric made up of stars and galaxies creating space & time as one and the same.

The discovery more than 30 years ago of galaxies 957 and 561 would prove Einstein correct.

Gravitational Lensing

It is known as gravitational lensing and what was thought to be two galaxies is actually one.

The light being received is effected by the gravity of a galaxy pressing into the fabric of space predicted by Einstein.

How is Time Different 

Einstein theory suggests that any object with mass will distort space and time.

Therefore the bigger the object, or the more mass an object has, the more effect it would have on time (time would be slower).

If left untouched the clocks on Earth would be off by 38 microseconds (0.000 001 second) a day – equally about 7 miles a day.

Or from La Verne to Glendora

GPS & Spacetime

GPS, operated by our military (USAF), has to constantly update the clocks on the satellites by microseconds because time is slower here on Earth then in space.

Lesson 4 -What is a Black Hole?

Black holes, like neutron stars were created in theory (Einstein’s theory of general relativity).
According to Einstein gravity can be described as the curvature of space-time.
A black hole is an object in space that is so small and the escape velocity needed is so large (due to the curvature of space-time) that no light or matter can escape.

It is theorized that a star with a mass 15-20 times our sun to create the gravity needed to collapse (supernova) a star far denser than a neutron star and into a point of singularity.

A singularity is a point according to mathematicians in which the object would collapse to zero radius, its density infinite.

Proof that Black Holes Exist

The orbits of stars at the center of our Galaxy suggest that an extremely massive compact object sits there.

Observations showed that a mass of about 4 million times that of the Sun is concentrated within a radius of no more than 6.25 light-hours known as “Sagittarius A“.

Sagittarius A is located in the middle of the star cluster at the center of our galaxy.
With a width of no less than the orbit of Uranus around the Sun (2.9 billion miles) – there is no known astronomical object other than a black hole that can contain that much mass in this volume of space.
Black Hole Misconceptions

It is a common misconception to think of black holes as giant vacuum cleaners that will suck up everything in the universe.
A black hole is just a gravitational field, and at a large distance its gravity is no greater than that of a normal object of similar mass.
Super-Massive Black Hole
Possible that black holes can be found in different sizes but since their discovery, supermassive black holes have been mysterious in origin. 
Research suggests a normal black hole could slowly accrete more matter, becoming more massive over time, through collisions with other galaxies.  
Lesson 5 – Neutron Stars, Pulsars and Quasras
Interesting that neutron stars (Zwicky) and black holes (Einstein) were predicted in theory first and now we think we have found both.

Neutron Star 

A supernova with at least a mass 4 times that of the Sun would collapses under gravity, protons and electrons give up the fight against gravity and are crushed and combined into neutrons. 

Nuclear forces prevent these neutrons to be squished any closer so objects should be left over.

Born out of mathematical models (’34 Baade and Zwicky), a neutron star is a highly dense star, with a radius of 6-10 miles across, composed almost entirely of tightly packed neutrons.
So dense that a sugar-cube sized lump of this material would way millions of tons.

A neutron star has never been seen on its own because of its size but models predict that neutron stars would be:

Born in a supernova

Spin rapidly
Hot (millions of degrees)

Strong magnetic field

Difficult to detect because of their tiny size

Pulsars 

Misunderstood at first – thought to be alien (’67 considered naming them LGM or little green men).

A pulsar is now believed to be the birth of a neutron star and proof they exist comes from the average pulsar is only a 2-3 million years old – very young for a universe that is 13.6 byo.
A pulsar is a source of short, precisely timed radio burst – rapidly spinning neutron star.
Evidence that a Pulsar and a Neutron Star are the Same

The pulse is no longer than 0.001 second therefore the object that is emitting this pulse can’t be larger than 0.001 light seconds or 190 mi in diameter, smaller than a white dwarf, which makes neutron stars the only reasonable explanation. 

The missing link between pulsars and neutrons stars was found in ’68 – a pulsar found in crab nebula – fits nicely with prediction that supernovae should produce a neutron star.

Binary Pulsars 

Binary pulsars are interesting because we can witness what happens as matter interacts with it.
Their existence have allowed us to learn more about the unobserved neutron star and the behavior of matter in unusual circumstances.

AGN – Active Galactic Nuclei
Pulsars are not the only thing in the universe to give off radio energy - In the 1950’s, radio telescopes would study locations of double-lobed radio sources and realize that galaxies can be active too.

Quasar
A quasi-stellar radio source or quasar is an active black hole consuming large amounts of material in the center of a distant galaxy.

They are among the brightest objects in the universe and reside in the centers of galaxies - ultra-luminous, they appear star-like even though most are extremely distant.

Where to Find Quasar’s 

The Age of Quasars, it seems, is over – most quasars found are no younger than 9 byo.

Rarely found are younger quasars which are believed to be created by the collision with another galaxy - re-igniting the once dormant super-massive black hole.

As the galaxies expand further apart and as the galaxy formation became less active, quasars became less common.
Lesson 6 – Dark Matter 

1933, Fritz Zwicky, found evidence of a hidden mass in clusters of galaxies.

1973, Vera Rubin & co-worker Kent Ford, studied rotational rates of distant galaxies - Concluding the orbital speeds of stars and matter that rotate around galaxies do not match that of our solar system.

Stars and matter are moving at almost the same speeds.

This could only occur if galaxies have a much stronger gravitational field then expected.

In order to create this gravitational field their must be more mass that cannot been seen.

What is Dark Matter 

Since we cannot see nor do we understand what this mass of matter is, it is referred to as dark matter.

Dark matter is non-luminous matter that is detected only by its gravitational influence and found around the visible matter in the Universe.

Most cosmologist agree that dark matter will most likely be some type of WIMP or Weakly-Interacting-Massive-Particles that has yet to be detected with certainty.

WIMP’s are even smaller then the elementary particles of the Standard Model (Supersymmetric)  

Standard Model 

In order of largest to smallest -Subatomic – (Proton)            -Elementary particles (quark)

-WIMP

A proton is made of two up-quarks and one down-quark.

A neutrino is produced by the decay of a neutron and would be an example of a lepton.

Higgs Boson “God Particle” Discovery ‘13

Higgs Boson discovery is huge to the scientific community 

Gives validity to The Standard Model of Physics. 

Higgs boson was only particle missing, until now.

Dark Matter 

What ever dark matter turns out to be, current calculations figure dark matter makes up ~ 25% of the matter in the universe, while visible matter makes up ~ 5%. 

This leaves another ~ 70% of the universe that is still unknown.

Fate of the Universe

Because all Type I supernovae explode at about the same mass, their brightness is always the same. This makes them very useful as standard candles. 

The Chandra X-Ray Observatory measured the amounts of hot gas and dark matter in 25 galaxy clusters, both observations concluded:

Universe Expanding

1st – Expansion of the universe initially slowed down, but then shifted gears about 6 billion years ago and is now accelerating.

2nd – The acceleration appears to be constant and not gaining strength. 

Why are we Accelerating – Cosmological Constant 

Gravity has long been consider the great force in the universe.

In order to create spacetime, Einstein balanced the constant and attractive force of gravity within his formula with a cosmological constant.

Albert Einstein – Cosmological Constant

Einstein assumed that space was not expanding nor contracting (’16).

The cosmological constant is an anti-gravity 'vacuum' force that is constant and keeps gravity from pulling the universe in on itself - Like wind to a kite.

 (’29) Hubble proves universe is expanding which means Einstein’s cosmological constant is wrong and he thought it was his biggest blunder.  Modern astronomers aren’t so sure

Dark Energy 

The acceleration is believed to be caused by a unknown energy – Dark Energy.

Dark energy is believed to fill empty spaces (70% of the universe) and drive the acceleration of the expanding universe.

This energy acted much like a cosmological constant.

End of the Universe

Scientists have long assumed that gravity must be slowing down the expansion of the universe.

Based on the latest data, dark energy has taken over and is expanding us like a balloon.

This energy should continue to expand our universe forever into a “Big Chill”.

Universal cooling would occur as stars and galaxies get to far apart to interact and slowly lose the energies needed to recycle and stay hot. 

