Chapter 12:
The Universe; The Whole Shebang

All-sky map showing just about everything we know… Except where my other sock is…
Key Points:
1. The Universe is big. Awfully big. Hugely awfully big.
2. We can only see part of it; the so-called “Visible Universe.”
3. It had a beginning; the Big Bang. A hot dense state.
4. It has been growing ever since the BB.
5. Arnold Schwarzenegger was Mr. Universe. Pretty egotistical of him, don’t you think?
6. The CMB is observational proof of the BB.
7. The expansion of the Universe is accelerating, rather than expanding at a constant rate.
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Observable Universe The first thing we have to accomplish is to understand the meaning of when folks say “the
Universe”. Whenever a regular person (and often even science folks) say “Universe”, they mean the observable
Universe; the part we can see. There’s an awful lot more beyond that.
Our observable Universe simply means that light has had time to get to us. We can’t see things that have no
light or don’t reflect light. So, since the farthest thing away that we can see has been measured at 13.8 billion ly
away, light from it (a Quasar) has been traveling through space for 13.8 billion years! Is there something beyond
that? Of course! Lots more space, but we can’t see it.

http://htwins.net/scale2/

Remember the Minute Physics (You Tube link here: http://www.youtube.com/watch?v=5NU2t5zlxQQ) video I
showed in class? Well, here are some screenshots letting you remember. I’d advise watching it again before
looking at the screenshots below.
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When we say the size of Universe is 13.8 billion ly, we are referring to the RADIUS of the VISIBLE Universe. So, it
is actually, as shown above, 27.6 ly wide (diameter). However, this isn’t completely accurate either…

We have known since Hubble’s observations in the 1920’s that the Universe is expanding. So, that light, which
took 13.8 billion years to get here from there, left a place that is actually receding away from us. So, putting the
known expansion rate of the Universe in conjunction with the speed of light through space (and the relative
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effects on said light as it travels through expanding space…), we get a radius of at least 46 billion ly or a diameter
of just shy of 93 billion light years!

So, what’s on the other side? More and older stuff.

Notice, there are space sheep and space cats and a house on the outside of the observable Universe…
Here’s another view that might help:
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Distribution & Motion of Galaxies The receding nature of near-by galaxies was the first clue we had of an
expanding Universe. Everywhere Hubble looked, he saw galaxies fleeing away from us. The farther away he
looked, the faster the galaxies were moving away! To make sense of this observation, astronomers came up
with the BB Theory (my favorite TV show…). First, the distribution of galaxies is NOT random and equal.
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Notice in the above image that galaxies actually clump together in filaments and giant clusters and there are
even several empty spots where there are no galaxies present. Why? An “explosion” should have been uniform
in all directions.
In 1912, Italian Vesto Slipher began a project to measure the spectra of a number of what were then called spiral
nebulae. It was ten years before Hubble would show that the spiral nebulae were actually distant systems of
stars. Slipher worked at Lowell Observatory under the direction of Percival Lowell, whom you may remember
from his famous speculations about the "canals" on Mars. Slipher was looking for rotation of the nebulae with a
new and efficient spectrograph. He hoped to see evidence of rotation using the Doppler effect — blue-shifted
light from material moving toward us and red-shifted light from material moving away from us. He detected
these wavelength shifts. Just as in the Milky Way, light from the spiral nebulae is spread out over several
hundred kilometers per second due to the rotation of the disk. However, Slipher also encountered a big surprise:
most of the spiral nebulae were red-shifted and moving away from us at incredible speeds.
In considering the universe beyond the Milky Way, astronomers use a distance unit that is more appropriate for
the vast distances between galaxies. A megaparsec (Mpc) is a million parsecs, or a thousand kiloparsecs — note
the use of the same prefix, mega-, that is used throughout the metric system to indicate 106. A megaparsec is 3 ×
1019 km! A megaparsec corresponds to a look-back time of 3¼ million years.
Galaxies within 1 Mpc are moving at speeds of up to 1000 km/s away from us. The only four exceptions — blueshifted galaxies with velocities less than zero — are galaxies bound by the cumulative gravity of the Local Group
that happen to be moving toward us. Most importantly, in general, more distant galaxies are receding faster
from us. The correlation between radial velocity, or redshift, and distance is one of the foundations of modern
cosmology.

Where V is the receding speed of the galaxy, H is Hubble’s Constant (related to 1/T), and D is distance.
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How should the observation of galaxy redshifts be interpreted? There are two basic facts: almost all galaxies are
red-shifted, and the size of the redshift increases with increasing distance. In other words, galaxies are moving
away from us, and the more distant galaxies are moving away faster. We are assuming that redshift is a measure
of the Doppler velocity of a galaxy with respect to the Milky Way.
To help explain the redshift of galaxies, consider two different possibilities. First imagine a static universe. A
static universe has a fixed size but can contain galaxies that are in motion (if galaxies are not moving at all, no
redshifts are measured). Suppose that galaxies are milling around randomly in space, separated by large
distances. They change position over time, but their typical separations are constant. In this type of universe,
half the galaxies would have a component of motion away from us and half of the galaxies would have a
component of motion toward us. This scenario translates into equal numbers of redshifts and blueshifts. Also,
galaxies in every region of space have the same random motions, so the results of the measurement do not
depend on distance. At every distance, the average size of the redshifts and blueshifts is the same, and the
numbers of redshifts and blueshifts are about equal. A plot of velocity against distance would have points (each
representing an entire galaxy) scattered around the line of zero velocity. This result is not what Hubble
observed.

Determining the Hubble constant using supernova type 1a.

Now imagine an expanding universe. In an expanding universe, the distance between galaxies increases with
time. If every galaxy is moving away from the Milky Way, then every galaxy is redshifted. More distant galaxies
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move away from us faster. To see why this is true, let us consider the analogy of an expanding Earth. Suppose
that the Earth is expanding at a rate such that it will double in size in an hour. The distance between any two
cities must also double in an hour. For example, Tucson is about 100 miles from Phoenix. After an hour, Tucson
will be 200 miles from Phoenix, so the two cities are moving apart at a rate of 100 mph. Tucson is about 500
miles from Los Angeles. After an hour, Tucson will be 1000 miles from Los Angeles, so the two cities are moving
apart at a rate of 500 mph. There is a linear relation between distance and recession velocity. A plot of the two
quantities will show a correlation, as observed by Hubble for galaxies.

Doppler Shift.

Remember that the most common illustrations and analogies are two-dimensional. Galaxies are actually moving
apart in the three dimensions of space. Remember also that Doppler shifts can only measure the component of
a galaxy's motion along the line of sight. Galaxies will also have transverse, or sideways, components of their
motion that astronomers cannot measure. Galaxies are so far away that their sideways motion is imperceptible
even with observations over many decades.
Let’s find out how fast Andromeda is heading toward us. Using

V  HD





and the current Hubble Constant:



V  2.26 x10 18 / sec 2.4 x1019 km
V  54 km
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sec

So, when will it arrive? Let’s see… With a speed of 54,000 m/s and a distance of 2.5 Million light years…
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That’s 14 Billion years! As old as the Universe currently. Lots of time… So, why did I say in class that we will
collide in about 4 Billion years? Well, it’s because WE, the Milky Way galaxy, are not sitting still in space! We are
moving toward Andromeda with a speed of about 66,000 m/s for a combined speed of approach a blistering 120
km/sec [SOURCE: Oxford Journals]! AAAAARRRRRRGGGGGGGGGHHHHHHHHHHHH!!!!!!!!!!!!!! Now, redo the
math…

2.5x10 ly  9.46 x10
6

d
t 
v

15

120,000 m

m 
ly 

s

t  1.9 x10 sec  5 x10 yr
17

9

Now, feel better? The big difference between the simple algebra answer above and the real answer of 4 Billion
years is the relativistic (Einstein stuff, not kissin’ cousin Elvis stuff) effects of huge things moving so fast through
space. So, by the time our Sun starts burning out, Andromeda will be lighting up our night skies with a fireworks
display that’ll knock your proverbial socks off.
Birth & Evolution of the Universe Well, here we go. Before we can venture down that path to answer the
question, “WHAT is the Universe?” we have to first answer, “Where the heck did it come from?” The short
answer is The Big Bang. The long answer is The Big Bang. So, here is my concise short answer:
One of the most persistently asked questions in Astro class is: How was the universe created? Most educated
folks once believed that the universe had no beginning or end and was truly infinite; even the two greatest
science minds of all time – Newton & Einstein – believed this to be true. Through the inception of the Big Bang
theory no longer could the universe be considered infinite. The universe was forced to take on the properties of
a finite phenomenon, possessing a history and a beginning.
About 13.82 billion years ago, a tremendous “explosion” started the expansion of the universe. At the point of
this event all of the matter and energy of space that we now know is here was contained at one point; with no
size and infinite volume. Remember the discussion in chapter 10: Stellar Remnants on black holes (Ch 10 pg12)?
What causes a BH? A singularity. It has no size, infinite density, and has actually ripped a hole in the fabric of
space & time. What existed prior to this event is completely unknown and is a matter of pure speculation. This
occurrence was not a conventional explosion in any stretch of the imagination, but rather an event filling all of
space with all of the particles of the embryonic universe rushing away from each other. The Big Bang actually
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consisted of an explosion of space within itself unlike an explosion of a bomb were fragments are thrown
outward. The galaxies were not even here yet, but rather the Big Bang lay the foundations for the universe.
The origin of the Big Bang theory can be credited to Edwin Hubble. (Although, Georges Lemaître in 1927 first
proposed what became the Big Bang theory in what he called his "Hypothesis of the Primeval Atom". Remember
that in 1929, Hubble made the observation that the universe is continuously expanding; making Einstein retract
his Cosmological Constant. Using the redshift/blueshift properties of light for receding and approaching objects,
he discovered that the velocity of galaxies moving away from us is proportional to the distance from us. Galaxies
that are twice as far from us move twice as fast. Another consequence is that the universe is expanding in every
direction. This observation means that it has taken every galaxy the same amount of time to move from a
common starting position to its current position.
Keep in mind that this singularity thing defies most of the Laws of Physics since division by zero is so prevalent.
Einstein’s gravitation theory, the General Theory of Relativity does, indeed, describe the physics of creating a
black hole and even what happens to matter and energy as they approach one, but breaks down when we get
there! All the physics we understand just doesn’t work when we get there... However, this singularity cannot be
defined from classical regular physics. What is it? We know it is a tremendous amount of matter jammed into a
volume of zero thereby having an infinite density. That is a BH. This original singularity was so incredibly massive
and so incredibly hot that matter couldn’t even exist; it was simply an infinitely small “ball” of immense energy.
Matter didn’t stand a chance. So, look at the Big Bang singularity like an infinitely small energy bubble
surrounded by nothing. I don’t mean surrounded by empty space, I mean NOTHING. There is a huge difference
between empty space and nothing. Pay attention in class to my story of driving to the “edge” of the Universe
and scooping out some “nothing” and comparing it to a cup of empty space.
So, what happened? We don’t know. Something happened to perturb or disturb this teeny ball of energy and it
just blew up. The “explosion” actually caused the concentrated energy to expand and start to cool. In the first
teeny tiniest of time, about 10-43 seconds (a time frame called the Planck Epoch or Planck Time, the smallest
time frame that has a physical meaning) after the bubble blew, it had expanded from the size of zero to the size
of an atom. Doesn’t sound like much, but think about it. It went from zero to 10-10 meters in 10-43 seconds!
Wowzers.
During the next proverbial “wink”, from 10-43 seconds to about 10-37 seconds the Grand Unification held sway.
This is the short lifespan where all the fundamental forces were one and the same; gravity, electroweak, and
strong nuclear. The electroweak is a combination of electromagnetic force and the nuclear weak force that is
responsible for nuclear beta decay among other things.
Shortly thereafter, around 10-37 seconds after the BANG, there was a thing called a “phase thransition”, quite a
bit like the phase change between liquid and gas, that caused what is now called the “Inflation.” During this
extremely short period, from 10-37 seconds till 10-33 seconds, the Universe multiplied in size by a factor of 1078!
Now, think a little further… In under a Bajillionth of a second, it doubled in size millions of times! AAAAA! The
numbers are killing me! This mind-numbing expansion was driven by a “negative-pressure vacuum energy
density” that we now call Dark Energy. By the end of the Inflation, the Universe was a size of a basketball. Again,
think about the scales involved.
The Inflation ends when the Inflation field energy decays into ordinary particles in a process called "reheating",
at which point ordinary Big Bang expansion begins.
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What we generally call the “Big Bang” can be considered the simple birth and immediate expansion of the
Universe. Here are the terms you need to know about the different time periods or eras, or time zones that have
occurred since the actual Big Bang. [Stolen from WIKI… I kept the important Wiki links active so you can follow
them for more info.] NOTE: The following descriptions are technical and long-winded at times. I didn’t write
them. My summary follows this WIKI thing; skip to page 15 for my summary.
VERY Early Universe:

Planck epoch [Mentioned above]
–43

Up to 10 second after the Big Bang
Main article: Planck epoch
The Planck epoch is an era in traditional (non-inflationary) big bang cosmology wherein the temperature was so high that
the four fundamental forces—electromagnetism, gravitation, weak nuclear interaction, and strong nuclear interaction—
were one fundamental force. Little is understood about physics at this temperature; different hypotheses propose different
scenarios. Traditional big bang cosmology predicts a gravitational singularity before this time, but this theory relies
on general relativity and is expected to break down due to quantum effects. Physicists hope that such proposed theories
of quantum gravitation [like] string theory, loop quantum gravity, and causal sets, will eventually provide a better
understanding of this epoch. In inflationary cosmology, times before the end of inflation (roughly 10

−32

second after the

Big Bang) follow not the traditional big bang timeline. The universe before the end of inflation is a very cold near-vacuum
and persists for much longer than 10

−32

second. Times from the end of inflation are based on the big bang time of the

non-inflationary big bang model, not on the actual age of the universe at that time, which cannot be determined in
inflationary cosmology. Therefore, inflationary cosmology lacks a traditional Planck epoch--though similar conditions may
have prevailed in a pre-inflationary era of the universe.

Grand unification epoch [Mentioned above]
–43

–36

Between 10 second and 10 second after the Big Bang
Main article: Grand unification epoch

[3]

As the universe expands and cools, it crosses transition temperatures at which forces separate from each other. These
are phase transitions much like condensation and freezing. The grand unification epoch begins when gravitation
separates from the other forces of nature, which are collectively known as gauge forces. The non-gravitational physics in
this epoch would be described by a so-called grand unified theory (GUT). The grand unification epoch ends when the
GUT forces further separate into the strong and electroweak forces. This transition should produce magnetic
monopoles in large quantities, which are not observed. The lack of magnetic monopoles was one problem solved by the
introduction of inflation.
In modern inflationary cosmology, the traditional grand unification epoch, like the Planck epoch, does not exist, though
similar conditions likely would have existed in the universe prior to inflation.

Inflationary epoch[edit]
–32

Unknown duration, ending 10 (?) second after the Big Bang
Main article: Inflationary epoch
Cosmic inflation is an era of accelerating expansion produced by a hypothesized field called the inflation, which would
have properties similar to the Higgs field and dark energy. While decelerating expansion magnifies deviations from
homogeneity, making the universe more chaotic, accelerating expansion makes the universe more homogeneous. A
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sufficiently long period of inflationary expansion in our past could explain the high degree of homogeneity that is observed
in the universe today at large scales, even if the state of the universe before inflation was highly disordered.
Inflation ends when the inflation field decays into ordinary particles in a process called "reheating", at which point ordinary
Big Bang expansion begins. The time of reheating is usually quoted as a time "after the Big Bang". This refers to the time
that would have passed in traditional (non-inflationary) cosmology between the Big Bang singularity and the universe
dropping to the same temperature that was produced by reheating, even though, in inflationary cosmology, the traditional
Big Bang did not occur.
According to the simplest inflationary models, inflation ended at a temperature corresponding to roughly 10
after the Big Bang. As explained above, this does not imply that the inflationary era lasted less than 10
in order to explain the observed homogeneity of the universe, the duration must be longer than 10

−32

−32

−32

second

second. In fact,

second. In

inflationary cosmology, the earliest meaningful time "after the Big Bang" is the time of the end of inflation.

Electroweak epoch[edit]
–36

Between 10 second (or the end of inflation) and 10
Main article: Electroweak epoch

–12

second after the Big Bang

In traditional big bang cosmology, the Electroweak epoch begins 10
of the universe is low enough (10

28

−36

[3]

second after the Big Bang, when the temperature

K) to separate the strong force from the electroweak force (the name for the unified

forces of electromagnetism and the weak interaction). In inflationary cosmology, the electroweak epoch begins when the
inflationary epoch ends, at roughly 10

−32

second.

Baryogenesis
Main article: Baryogenesis
There is currently insufficient observational evidence to explain why the universe contains far
more baryons than antibaryons [Common baryons are protons and neutrons; particles made from 3 Quarks.]. A candidate
explanation for this phenomenon must allow the Sakharov conditions to be satisfied at some time after the end
of cosmological inflation. While particle physics suggests asymmetries under which these conditions are met, these
asymmetries are too small empirically to account for the observed baryon-antibaryon asymmetry of the universe.

Early Universe:
After cosmic inflation ends, the universe is filled with a quark–gluon plasma. From this point onwards the physics
of the early universe is better understood, and less speculative.

Electroweak symmetry breaking and the quark epoch
–12

–6

Between 10 second and 10 second after the Big Bang
Main articles: Electroweak symmetry breaking and Quark epoch
As the universe's temperature falls below a certain very high energy level, it is believed that the Higgs field spontaneously
acquires a vacuum expectation value, which breaks electroweak gauge symmetry. This has two related effects:
1. The weak force and electromagnetic force, and their respective bosons (the W and Z bosons and photon) manifest
differently in the present universe, with different ranges;
2. Via the Higgs mechanism, all elementary particles interacting with the Higgs field become massive, having been
massless at higher energy levels.
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At the end of this epoch, the fundamental interactions of gravitation, electromagnetism, the strong interaction and the weak
interaction have now taken their present forms, and fundamental particles have mass, but the temperature of the universe is
still too high to allow quarks to bind together to form hadrons.

Hadron epoch
–6

Between 10 second and 1 second after the Big Bang
Main article: Hadron epoch
The quark-gluon plasma that composes the universe cools until hadrons, including baryons such as protons and neutrons, can
form. At approximately 1 second after the Big Bang neutrinos decouple and begin traveling freely through space. This cosmic
neutrino background, while unlikely to ever be observed in detail since the neutrino energies are very low, is analogous to
the cosmic microwave backgroundthat was emitted much later. (See above regarding the quark-gluon plasma, under the
String Theory epoch.) However, there is strong indirect evidence that the cosmic neutrino background exists, both from Big
Bang nucleosynthesis predictions of the helium abundance, and from anisotropies in the cosmic microwave background

Lepton epoch
Between 1 second and 10 seconds after the Big Bang
Main article: Lepton epoch
The majority of hadrons and anti-hadrons annihilate each other at the end of the hadron epoch, leaving leptons and antileptons dominating the mass of the universe. Approximately 10 seconds after the Big Bang the temperature of the universe
falls to the point at which new lepton/anti-lepton pairs are no longer created and most leptons and anti-leptons are eliminated
in annihilation reactions, leaving a small residue of leptons.

[4]

Photon epoch
Between 10 seconds and 380,000 years after the Big Bang
Main article: Photon epoch
After most leptons and anti-leptons are annihilated at the end of the lepton epoch the energy of the universe is dominated
by photons. These photons are still interacting frequently with charged protons, electrons and (eventually) nuclei, and continue
to do so for the next 380,000 years.

Nucleosynthesis
Between 3 minutes and 20 minutes after the Big Bang
Main article: Big Bang nucleosynthesis

[5]

During the photon epoch the temperature of the universe falls to the point where atomic nuclei can begin to form. Protons
(hydrogen ions) and neutrons begin to combine into atomic nuclei in the process ofnuclear fusion. Free neutrons combine with
protons to form deuterium. Deuterium rapidly fuses into helium-4. Nucleosynthesis only lasts for about seventeen minutes,
since the temperature and density of the universe has fallen to the point where nuclear fusion cannot continue. By this time, all
neutrons have been incorporated into helium nuclei. This leaves about three times more hydrogen than helium-4 (by mass)
and only trace quantities of other nuclei.

Matter domination
70,000 years after the Big Bang
At this time, the densities of non-relativistic matter (atomic nuclei) and relativistic radiation (photons) are equal. The Jeans
length, which determines the smallest structures that can form (due to competition between gravitational attraction and
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pressure effects), begins to fall and perturbations, instead of being wiped out by free-streaming radiation, can begin to grow in
amplitude.
According to ΛCDM, at this stage, cold dark matter dominates, paving the way for gravitational collapse to amplify the tiny
inhomogeneity left by cosmic inflation, making dense regions denser and rarefied regions more rarefied. However, because
present theories as to the nature of dark matter are inconclusive, there is as yet no consensus as to its origin at earlier times,
as currently exist for baryonic matter.

Recombination
ca. 377,000 years after the Big Bang
Main article: Recombination (cosmology)

9 year WMAP data (2001) shows the cosmic microwave background radiation variations throughout the Universe from our
perspective, though the actual variations are much smoother than the diagram suggests. [Newer Data in my Summary]

Hydrogen and helium atoms begin to form as the density of the universe falls. This is thought to have occurred about 377,000
[8]

years after the Big Bang. Hydrogen and helium are at the beginning ionized, i.e., no electrons are bound to the nuclei, which
(containing positively charged protons) are therefore electrically charged (+1 and +2 respectively). As the universe cools down,
the electrons get captured by the ions, forming electrically neutral atoms. This process is relatively fast (actually faster for the
helium than for the hydrogen) and is known as recombination.

[9]

At the end of recombination, most of the protons in the

universe are bound up in neutral atoms. Therefore, the photons' mean free path becomes effectively infinite and the photons
can now travel freely (seeThomson scattering): the universe has become transparent. This cosmic event is usually referred to
as decoupling.
The photons present at the time of decoupling are the same photons that we see in the cosmic microwave background (CMB)
radiation, after being greatly cooled by the expansion of the Universe. Around the same time, existing pressure waves within
the electron-baryon plasma — known as baryon acoustic oscillations — became embedded in the distribution of matter as it
condensed, giving rise to a very slight preference in distribution of large scale objects. Therefore the cosmic microwave
background is a picture of the universe at the end of this epoch including the tiny fluctuations generated during inflation (see
diagram), and the spread of objects such as galaxies in the universe is an indication of the scale and size of the universe as it
developed over time.

[10]

Dark Ages
See also: Hydrogen line
Before decoupling occurs, most of the photons in the universe are interacting with electrons and protons in the photon–baryon
fluid. The universe is opaque or "foggy" as a result. There is light but not light we could observe through telescopes. The
baryonic matter in the universe consisted of ionized plasma, and it only became neutral when it gained free electrons during
"recombination", thereby releasing the photons creating the CMB. When the photons were released (or decoupled) the
universe became transparent. At this point the only radiation emitted is the 21 cm spin line of neutral hydrogen. There is
currently an observational effort underway to detect this faint radiation, as it is in principle an even more powerful tool than the
cosmic microwave background for studying the early universe. The Dark Ages are currently thought to have lasted between
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150 million to 800 million years after the Big Bang. The October 2010 discovery of UDFy-38135539, the first observed galaxy
to have existed during the following reionization epoch, gives us a window into these times. The galaxy earliest in this period
observed and thus also the most distant galaxy ever observed is currently on the record of Leiden University's Richard J.
Bouwens and Garth D. Illingsworth from UC Observatories/Lick Observatory. They found the galaxy UDFj-39546284 to be at a
time some 480 million years after the Big Bang or about halfway through the Cosmic Dark Ages at a distance of about 13.2
billion light-years. More recently, the UDFj-39546284 galaxy was found to be around "380 million years" after the Big Bang and
at a distance of 13.37 billion light-years.

[11]

My Early Universe Summary: So, what the heck does all that Wiki stuff above even mean? Well, let me take a
shot at explaining the birth and evolution of everything in the proverbial nutshell by carrying on a semiintelligent Q&A with myself. Sort of like a Socratic Dialogue Thingee.
So, Daryl, what was here before? Short answer: Nothing. Don’t ask again. We can backtrack all the way to even
the instant when the Big Bang occurred, but we simply can’t go back any further than that. We know that
everything that is currently in the Universe – all the stars, the countless galaxies and superclusters of galaxies
and even the hugely huge part of the Universe that is past our visual horizon – was crammed into that strangest
of all physics things; the singularity. There was no matter in this singularity, just energy. Matter had to be
“born”. So, this original singularity had no size, no matter, but infinite energy density. How can density be there
without matter? Simple. Energy and matter are two forms of the same thing, remember Einstein’s E  mc2 ?
Energy was here. When that energy was released, it formed the matter we see.
So, Mr. Wizard, what’s up with that Planck Era & just what is “Planck Time?” Good question, Grasshopper.
When you can snatch a Planck Time from my hand, you are ready. Notice that the Planck Era lasted for only 10-43
seconds? Write that down as a regular number with decimals and such. Go ahead, I’ll wait. La la la… hum hum
hum… there’s a lady who’s sure that all that glitters is gold and... Done yet? Well, here’s what you get:
0 . 000 000 000 000 000 000 000 000 000 000 000 000 000 000 1 seconds!
Now, can you name that number? I can, but it hurts. It is one Quattuordecillionth. See, told ya it would hurt. This
time interval is officially called the Planck Time; named after the famous dead-guy Max Planck. Planck is also
known for the Plank Constant, h  6.626 x1034

m 2 kg
s

, used in the energy of a photon and/or an electron

energy level E  hf  . It is the shortest time interval that actually has any physical significance. In fact, we can’t
even measure something that small. However, from Einstein’s equation and from Quantum Mechanics
probability (stuff you need not know about and would hurt if you did…) any time interval smaller than the Planck
Time actually disappears in the equations!
So, in a Planck Time, 10-43 seconds, the Universe exploded from “nothing” into a measurable “something” less
than the size of an atom. Then, for the next itty bitty time period, the Grand Unification Era and the Electroweak
Era, our modern understanding of forces began to take shape. Immediately after the Planck Era, all the forces
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we know of (gravity, strong, weak, & electromagnetic) were actually one force; the Grand Unified Force.
However, shortly after bursting into existence, gravity separated from the others so there were two forces;
gravity and the other 3 acting as one. Then the strong nuclear force responsible for holding nuclei together
became an individual thing. Then, the electroweak force split in two and became the other 2 individual forces
we deal with today; electromagnetic force and the weak nuclear force responsible for nuclear beta decay. All
this happened within the first 10-11 seconds after the BB! An amazingly short time period.

Oh, I see. So, back before we could even see the Universe, when it was so small it couldn’t be measured, there
was only one force, the GUT. Cool. Then as the Universe began expanding, it cooled down enough so this GUT
could actually show up in different places and look and act differently. Cool.
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Now, what the heck is this Inflation thinger? Well, the inflation era explains many things. Inflation was not part
of the original BB Theory. It wasn’t hatched until recently; 1980, by American physicist Alan Guth. He ran some
complicated math and found out that the BB needed a very short period of time in which it expanded faster
than light could travel!

Yes, Virginia, an object cannot travel faster than light in space! However, space can. Yep, hurts. The
homogeneity problem was solved. What is the homogeneity problem, you ask? Astronomers had realized by the
1970’s that the Universe looked the same in every direction, a property called homogeneous distribution; looks
the same everywhere. However, explosions are never totally symmetrical, so how did the BB become so
uniform? The inflation happened so suddenly and so fastly (not a word, I know…) that each thing that was close
to another thing became pulled away from that thing violently. This was NOT the BB explosion, it was an
expansion of the Universe that was guided by Dark Energy. It happened so suddenly and so rapidly that all the
individual hunks of energy in the infant Universe didn’t have time to react and all dispersed evenly since they
were already evenly jammed into the tiny almost infinitely hot infinitely dense infinitely energetic tiny space
right after the BB. In other words,

Understand now? Good.
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So, where did all the matter come from if it wasn’t here before? Another good question. Now go away, ya
bother me… As mentioned, energy and matter are the same thing. It’s sort of like ice and steam are the same
thing, but look totally different. Matter is energy that has “cooled” down in the presence of a Higgs Field and
acts like it is “solid” and has mass. Yeah, I know, that hurts, too. After the rapid inflation, the energy that was
compacted into the original singularity had a chance to spread out and “cool” down. This cooled down energy
became what we call “matter.” Once the Universe cooled down to an incredibly hot 1015K, the Higgs Field
(caused by the famous Higgs Boson) had a chance to act on energy and make it act like it is stationary; thereby
acting like it has mass. Ta da!
The first particles formed were quarks [about 1 millionth of a sec after BB), elementary things that make protons
and neutrons and other things bigger subatomic particles. Then leptons (electrons are the most common
leptons) were made. The quarks joined in triplets via the strong nuclear force to form protons and neutrons (1
second after BB). Then the electrons could join groups of protons and neutrons to form atoms (3 – 20 minutes
after BB)! Voila! I mean, Viola!
[NOTE ABOUT ABOVE PARAGRAPH: When energy “cooled” and started forming matter, TWO kinds of matter were
formed at the same time; matter and anti-matter. Anti-matter is nothing mysterious. It is formed all the time in
high-energy particle accelerators at Stanford, Fermi, and CERN. It is nothing like the exotic crap Hollywood has you
believe like the idiotic stuff in Angels & Demons. Great book and movie, but anti-matter ain’t like that. When a
gamma ray photon collides with a heavy atom, the gamma photon disappears and two things are formed (plus a
few neutrinos and stuff, but that’s for another day…); an electron and an anti-electron. The anti-electron is called a
positron. A positron is a piece of anti-matter. It IS an electron that happens to have a positive charge. It has the
same mass, same size, same spin, same everything as a regular everyday boring electron except it is positive, not
negative. We ended up with all this matter around us and no anti-matter. So, what happened to all the anti-matter
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that was formed during this energy-to-matter early Universe phase? It’s called the Baryonic Asymmetry problem.
Lots of ideas, but nothing solid. Do a Google for “Baryonic Asymmetry” and let the headaches begin…]

As electrons joined nuclei, photons of light were emitted. [Remember from Chem or Fizzix class how electrons
will create a photon of light when it drops to a lower energy level in an atom? No? Then you weren’t paying
attention…] However, these photons couldn’t travel very far before being absorbed again by other particles
being born; the infant Universe was still too tiny and too dense to allow the photons of light to go anywhere. So,
the Universe was dark. VERY dark. Hence the period we call the Dark Ages; no light. Even if we were there, we
wouldn’t see anything since there was no light. However, after expanding for about 380,000 years, the Universe
cooled to the point where the photons of light emitted could actually start traveling through space. Guess what
that light looks like now? Yep, the Cosmic Microwave Background. It’s the image that is at the top of each page
#1 of this text. It is nothing less than the afterglow of the BB, sometimes lovingly called the Universe’s baby
picture.

Wilkinson Microwave Anisotropy Probe (WMAP), 1995

Planck (2010)
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Then gravity took over and started clumping all these new atoms together to make stars and galaxies and us.
Easy Peasy.
Here’s another graphic thingee for you.

So, Mr. Wizard, what about parallel Universes and space travel and aliens? Ahh, now you know the meaning of
pain. You guys can’t even parallel park in this Universe, what makes you think you could do it in a parallel one?
There is no science, none, that contains any evidence or observational anything about parallel Universe. As for
space travel and aliens, you watch too much History Channel.
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Some Parallel Universe funnies…
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One for the Fizzix Kids even though it’s only a galaxy, not a Universe…
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Looks like Middle Earth!
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And one for you Math Geeks:

Chapter 12 Resources
Powerpoint: http://dtfizzix.com/AstroPPTs.html
DIRECT LINKS: Full PPTX - http://www.dtfizzix.com/PPTs/Universe.pptx
PDF Format (Smaller) - http://www.dtfizzix.com/PPTs/Universe.pdf
Narrated Video – Coming Soon To A Computer Near You!
Homework:
Complete List: http://dtfizzix.com/AstroHWSchedule.html
Chapter 12 Specific:
Coming soon
LABS:
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