Lecture 13 --- Big Bang to Functional Stars

How did we get here?

Was the universe always present?  

Or

Was there a creative time when the universe appeared?

Questions

How is the universe expanding?

1) If the universe is 99% ___________ and helium - where did this come from?

2) Where did the fundamental forces (gravity, electromagnetism, etc.) come from?

Breakthrough

Edwin Hubble found nearly all galaxies show ________ ___________

This means the universe is _________________

Found a way to determine distance of even the most distant galaxies

Saw that ________ correlated with speed - galaxies twice as far away move twice as fast = Hubble constant

Question 1: How is the universe expanding?

Red shift: Lines move toward the red end if the light source is moving away

Expanding universe - Doppler red shift shows galaxies are moving outward 

_______________ can be determined by the amount of shift

Apply Newton’s law of motion to the stars

We know the:

1) Velocity of moving galaxies 

2) Distances to the galaxies 

Thus we can determine where they were in the past!

A priest named Georges Le Maitre 

Did what we are about to do

Published  L'hypothèse de l'atome primitif (1946)

This is what he found

Determine location & distance (there is debate about distance)

(In the debate over distance, all the universe comes to the same central point, but 12 _______ years ago

instead of 15 __________ years ago)

All the universe comes to the same central point at the same time

Le Maitre expanding universe hypothesis 1

“All the matter and energy of the universe started at a central point 15 billion years ago.”

Le Maitre expanding universe hypothesis 2

“All the matter and energy of the universe was thrown out from that central point 15 billion years ago.”

Hubble constant = 

Expanding universe

Several famous astronomers - said this hypothesis was ridiculous

Fred Hoyle gave it the name ________   _________ as a joke

Hoyle proposed the alternate hypothesis of a “Steady State” universe…

Big Bang hypothesis test

If the universe were once compressed down into a small central area, then we would expect:

1. A mind numbing amount of energy present when the big bang occurred

2. Energy is not destroyed so it must still be out there

3. As the universe expanded the energy would spread out and cool

Test by prediction using mathematics and data from atomic studies

Gamow & others in 1940s calculated the energy that must have been present at the Big Bang

This energy of the Big Bang must have spread throughout today’s universe. . . 

1. Will be a  5oK temperature everywhere in the universe

2. This energy will appear as low-energy ________________

Cosmic background radiation:

Microwaves in space found in 1965 

Penzias and Wilson at Bell Telephone (not astronomers)

Were working with a microwave receiver

Found microwaves everywhere they looked in space

In 1990s satellites in space recorded temperatures also

Gamow said “if the Big Bang is true, you will find microwaves at 5oK”

They found them

This supports the Big Bang hypothesis

3oK in space

This may not seem like much

But it’s 3 oK in each small volume

If you multiply it by the total volume of the universe it’s a big number – lots of energy

Here is how we think the Big Bang banged

Singularity: 

All matter, forces and energy of the universe is one single “something” called a singularity

(The four fundamental forces are:  g___________, e_________________, s__________, w______)

The singularity is what will explode in the Big Bang

Temperatures & Matter

As the Big Bang begins

The singularity expands

Infinite temperature “cools”

Expansion continues

As temperature drops below 1 billion trillion degrees K,  the four fundamental forces appear:

Gravity first

Then the strong, weak & electromagnetic forces

The singularity expands

Singularity - atomic forces

As the singularity expands it cools

Singularity minus atomic forces

Singularity of matter

Falling temperatures

Expansion continues

At 1 microsecond after the bang

Temperature falls below 10 trillion degrees K 

Subatomic particles - protons, neutrons, & electrons form

It’s too hot for atoms or nuclei to form

This phase ends at 5 seconds

Singularity of matter

Too hot

Protons and neutrons are close together but the universal energy is so great they can’t hold together

Temperature & matter

Between 5 seconds - 3 minutes after the Big Bang 

Expansion continues - temperature keeps dropping 

Temperature & matter

At 3 minutes after the Big Bang: 

Temperature drops below 100 million degrees K

Protons & neutrons can become nuclei

But the protons & neutrons are now too far apart to form anything larger than a helium nucleus

1 second - 10 minutes:

The strong nuclear force could hold protons to neutrons  

But protons and neutrons are now farther apart

Most nuclei are H & He (maybe some Li, Be, B)

Unstable isotopes of H & He decay 

Temperature & matter

Expansion continues 

At 10 minutes after the Big Bang:

All helium nuclei that will form have formed

The universe is now 72% H & 27% He nuclei

Expansion continues 

Nothing new happens for a half million years after the Big Bang 

Until temperature falls below 10,000 degrees K

It’s now cool enough for the electromagnetic force to hold electrons to protons

______________ form

H & He nuclei become atoms

Temperatures cool enough so that e.m. force can hold electrons to protons 

Expansion - cooling phases

Phase 1 

Before 1 microsecond 

Temp cools below

 1 billion trillion degrees K 

Fundamental forces appear

Phase 2 

1 microsecond to 5 seconds 

Temp cools below 10 trillion degrees K

Subatomic particles appear

Phase 3 

5 seconds to 3 minutes

Just expansion and cooling                

Phase 4 

3 minutes to 10 minutes 

Temp falls below 100 million degrees K  

Atomic nuclei appear

Universe becomes 72% H & 27% He

Phase 5 

Next half million years

Just expansion and cooling                

Phase 6 

From 1/2 to 10 million years

Temperature falls below 10,000 degrees K

Electromagnetic force holds electrons to protons 

Atoms form (99% H & He) 

Useful theory

The Big Bang theory was made by astronomers to explain why the universe was ___________

A valid theory can explain some other phenomena, for example...

The Big Bang theory explains why the universe is ______% H & He

The Big Bang

A theory explains many hypotheses

The Big Bang theory explains

1) Expanding universe

2) The fact that the universe is 99% hydrogen and helium (H & He)

3) Finding 3oK temperature everywhere in space

4) Finding microwaves in empty space

Theory tested

Two tests were predictions for finding universal 3oK and microwaves

==> microwaves and 3oK were found as predicted

Theory tested

Tests in particle “super” accelerators 

Produce temperatures, densities, and speeds seen one microsecond after the Big Bang

The tests strongly support what we believe happened at the one second point and later

Star formation

From 10 million years after the Big Bang until today

The universe’s temperature has been low enough that

Gravity force can pull atoms together in space

Universe is 72% _____________.

Hydrogen atoms are pulled together to form stars

Universal Yin and Yang

Again and again in cosmic evolution we find

Tension exists between forces for expansion and forces for coming together

The net result depends on the strength of those forces

Fundamental forces = forces for coming together (especially gravity)

Universe _____________= force for expansion

Theory - universal processes

The universe is designed to make stars throughout the universe

The universe does so using:

1. Gravity

2. The hydrogen from the Big Bang

Once the universe cooled gravity could counteract the force for expansion

Making stars

Nebulas are found throughout the universe

Each nebula contains vast amounts of hydrogen, sometimes enough to make billions of stars

Gravity can pull those atoms together

Hypotheses of star birth 

H & He atoms have gravity that pulls the atoms together

As atoms accumulate, mass and gravity increase 

We get a growing mass called a “gravity center.”  

If the mass is big enough it becomes, a “protostar” (future star)

Matter racing into the protostar causes heat and pressure

Protostars get hot from this

Protostars do not give off visible light but do give off infrared rays (heat)

Test the hypotheses by predictions coming true

Prediction 1

In nebulas where stars are forming, we should see gravity centers 

Each surrounded by clouds of atoms attracted by the center’s gravity 

We see this in the ______________ nebula, a big “birthplace of stars”

Protostars emit infrared waves but do not emit visible light until they reach fusion

Prediction 2

Infra-red telescopes will detect the hot protostars where visible light telescopes see nothing

Keep in mind, a very large nebula has enough hydrogen to form many protostars...

Stars in Orion nebula - active stars give off visible light

Protostars forming in Orion nebula hot centers = protostars

Each glowing protostar is surrounded by a dark cloud of atoms it attracted

Finally, the protostar will get hot and dense enough to start hydrogen fusion

When fusion begins, the protostar is now a __________

The central mass of protostars will shrink as gravity increases

Shrinkage increases the temperature and pressure

If there is enough hydrogen --> fusion

Detecting new stars

When a new star begins fusion it releases an enormous wave of energy 

This energy blows away the rest of the nebula

Prediction 3 - we will detect such new stars by detecting the wave of fusion energy 

Throughout the new universe, stars are forming

There is so much hydrogen in each early nebula that each can form billions of stars 

The billions of stars that form in such a nebula become a _____________

The new universe did not expand uniformly

Much of the matter congregated in “clumps”

There were millions of “clumps” each with enough atoms to become a galaxy

There are millions of galaxies

On to planets

We’ve already talked about how a star creates the heavier elements 

And how a dying star then throws those elements out into space when it dies

Trillions of stars have died since the universe began

Stars from stars -

The heavier elements thrown out by a star can mix with the ___________ atoms in other nebulas

Such nebulas are called “mixed nebulas”, which are found throughout space

Second generation stars

Stars can form in mixed nebulas 

Stars that form with material made in a previous star are called “second generation” stars

Second generation stars are surrounded by clouds of atoms

These atoms include the heavy elements

If _________ form around second generation stars, they can have heavy elements

