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The Big Bang to Green
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Welcome to The Architecture of Energy Flow--> From the Big Bang to Green!

Course Learning Objectives:

This “right brained” natural history of energy, as seen on the
huge scales from the beginning of time in words and pictures,
gives the course participant a framework and continuum to
creatively generate an all embracing conception of the natural energy processes of the universe (including us!).
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Atom: A submicroscopic component of matter with a
nucleus composed of protons[+] and neutrons and surrounded by a cloud of electrons[-]. The atom’s of the
Periodic Table (next page) are defined by an atomic
number which is the same number as the number of
electrons swarming around that particular element. The
atom at the left is Lithium with 3 electrons.

We are moving from an economy and society built on the logical, linear, computer
like capabilties of the Information Age to an
economy and a society built on the inventive,
emphatic, big picture capabilities of what’s
rising ahead, the Conceptual Age.
[Pink, 2006, 1]

As seen on the content bar at left, this course follows energy
flow in a broad framework from the beginning of the universe to the present day. The energy patterns that are seen
through this Big History1 are not discernible with the time
scale of traditional history, which conventionally begins with
the first human documentation about 5,500 BCE. This broad
framework allows the synthesis of an atomic “from the bottom
up” understanding of energy flow. Understanding of these
broad flow patterns leads towards a unique comprehension
of the sustainable and efficient energy sources sought and
needed today and in the future.

The course travels through three distinct energy utilization
patterns, from the relatively simple beginning of the universe
to the complexity of consciousness. Course Parts I, II and
III each build on the preceding part towards complexity and
greater organization of elements.
Part I The Early Universe begins at the atomic level in
the physical domain of energy flow 13.73 billion years ago
and leads to the formation of the solar system.
Part II Life follows this energy flow into the domain of life
3.8 billion years ago, first at the cellular level, and then as
plants and animals organize around the earth’s energy flow.
Part III looks at the human domain of consciousness as humankind begins to direct huge amounts of this
energy flow towards our rapidly multiplying and unifying
selves. We are now becoming sustainable and energy efficient as our huge amounts of available and accessible information points in this direction for our future survival.

Using a compilation of the most recent information gleaned from
sources listed in the reference, this course also legitimizes the
asking of big existential questions : “Is life a natural product of
element complexity and energy flow?”, “Could there be life on
other planets?” and “Is there a self-organizing force where more
energy = more complexity and greater organization = more conscious connection to the universe = development of improved
energy extraction?” Many questions unmanageable in traditional history are absolutely approachable within this all inclusive framework. The participant at the end is able to interpret the
information to their own ends of utilization.
1
This course is closely modeled after the awe inspiring
work of Historian David Christian who has researched, taught
and written about history on huge scales (called “Big History”),
for the last 30 years. He has been compared to both Isaac
Newton and Charles Darwin for the bringing together in a continuum of what were once disparate social science and natural
elements. Read his books for more Big History detail.

Information Guidance System: The content bar at far left on the facing page shows the present unit with color.
Information Density Hierarchy
High Density- Reading the books listed in the Part I bibliography
Medium Density- The next 8 pages
Low Density- Synopsis of Part I The Early Universe (below)

PART I The Early Universe Units 0-4 — physical energy flow before the formation of
Knowledge Disciplines: physics, cosmology, astronomy

Unit 0: Introduction Scientific / Energy Concepts

Unit 1: Big Bang Energy Flow

Energy and matter are decoupled by the electrically neutral hydrogen and helium atoms.
Electromagnetic energy is set free in a huge
flash, now detectable as background microwave radiation.

Unit 2 : Galactic/Star Energy Flow

Spreading rapidly and unevenly from the force of the
Big Bang are unfathomable amounts of matter (hydrogen and helium atoms) and energy (freed electromagnetic radiation). The force of gravity began to pull
uneven clumps of hydrogen and helium atoms together
into immense densities. In the process of being crushed
by the enormous gravitational mass of these newly
forming stars, energy was squeezed out of hydrogen (1
electron) into helium (2 electrons) . Suddenly or slowly,
as these huge dense masses accrued, the heavens began to light up with the visible light of photons and radiant energy. Thus began the release of the fusion energy
of a trillion, trillion, trillion stars comprising our universe.

life

Unit 3 : Chemical Energy
Flow

The pressure within exploding super
novas merges electrons of hydrogen (1 electron) and helium atoms
(2 electrons) together multiple times
to create the complexity of the Periodic Table’s first 94 elements. The
number of electrons is an elements
same number on the periodic table.
For example Carbon is 6 on the Periodic Table and has 6 electrons.

Unit 4 : Solar System
Energy Flow

Earth’s position from the sun
and the 94 atomic types from
exploding super novas provide
the conditions for the formation
of complex molecules to begin to
capture energy flow and eventually became the foundations of
life.

Radiation Type
Wave length (m)

introduction I

Helium atom

Approximate Height
of Wavelength
Penetrates Earth’s
Atmosphere?

ABOVE: Shown graphically by the electromagnetic scale, radiant energy in photons is released by the stars fusing hydrogen into helium, the main energy that we know of in our 5% of the detected universe.

BELOW: Taking all scientific measurements into consideration this chart shows
what we think the composition of the universe may be
with about 5% being what
we can directly detect as
matter and energy. It will
be exciting when scientists start figuring this out,

“Big History” Historian David Christian suggests that
the vast time scales covered in this course can be
“felt” by converting each billion years to a scale of
one year.

LEFT: The periodic table of the 118 elements, all of known
matter, indicate on a continuous scale of 1-118 how many
electrons an atom has. The simplest elements formed first: Element #1 was hydrogen with 1 electron, and Element # 2 was
helium with 2 electrons. Simple hydrogen and helium atoms
still comprise 4% of the universe. The first 94 elements are
found naturally on Earth, and the rest are synthetic elements
that have been produced artificially in particle accelerators.

Early Universe Electron Flow:
Massive Stars->Electron Hopping->Photon Energy->More Electron Hopping

Energy was released in the early universe and still is by the trading, moving and “hopping” of
electrons, the universal currency. In fact this same “electron hopping” is the source for all of the energy used by living organisms, every living thing is an “atomic energy factory”.
Starting from the bottom of this chain, the electrons of an atom are bound to the nucleus by the
electromagnetic force, one of the 4 forces. When one of the other 3 forces of either 1) gravity, 2) the
weak force or 3) the strong force move an electron from its original electromagnetic field, energy is released. The gravitational crushing within massive stars of the most primitive elements, hydrogen with
1 electron, into helium with 2 electrons, is star fusion which creates photon energy, the major energy
force reutilized and recirculated in the 5% humanly detected universe.
The famous Laws of Thermodynamics:
1. The first law of thermodynamics states that the universe’s energy is constant; it can neither be
created nor destroyed. It does change form: from electron hopping, to photons, to life’s cycling of this
same energy.
2. The second law of thermodynamics states that energy flow can only make things happen by moving from a more active (hot) to a less active (colder) state. If everything is the same temperature nothing “happens”. In the early universe the force of gravity crunching hydrogen electrons induced them to
“hop” to the energy states in the helium atom, producing photons. Thus the huge “hot spots” of stars
allows photon energy to travel into the colder space around them, warming it up to more comfortable
levels. Without humans shaking and moving electrons around with their brainy consciousness and
the expanding universe pulling electron energy out of underlying quantum fields, the end result of the
universe might be absolute entropy (a “dead” universe with everything the same temperature).
In Part II Early Life, this course will illustrate how fusion-photon energy is recirculated as early
plants learn how to direct photons in photosynthesis to store ”star energy” as biomass. Animal life
utilizes the same mechanism of “electron-hopping” — the energy content of food is continued from
photons to biomass to “electron-hopping” in hydrogen-carbon complexes to oxygen atoms.

Early Universe
9.23 Billion Years
ABOVE: Early Universe Time Scale Interpretation from 13.73 billion
to the origin of Earth ca. 4.5 billion Yrs Ago. Original graphic form is
by astrophysicist Eric J. Chaisson.

E=MC 2 : Everything is energy

1

/

everything is matter

Albert Einstein’s formula (energy = mass x the speed of light 2 ) establishes irrevocably that matter is energy and visa versa. With respect to the fact
that matter has a HUGE amount of energy, this course throughout illustrates
energy flow from the “bottom up”, looking at what occurs in matter/energy at
the atomic and molecular levels to make change happen and then builds on
this in Part II and later in Part III. Here is a description of this “bottom up” view
of the universe by MIT professor Seth Lloyd from his book “Programming the
Universe, A Quantum Computer Scientist Takes On The Cosmos”:
Quantum mechanics describes energy in terms of quantum
fields, a kind of underlying fabric of the universe, whose weave
makes up the elementary particles—photons, electrons,
quarks. The energy we see around us, then —in the form
of Earth, stars, light, heat—was drawn out of the underlying
quantum fields by the expansion of our universe. Gravity is
an attractive force that pulls things together. As the universe
expands (which it continues to do), gravity sucks (electron)
energy out of the quantum fields... As the expansion proceeds
more and more positive energy becomes available in the form
of matter and light.
1
Energy is the ability to do work or produce change. The word “energy” is
an abstract, but convenient and highly useful concept invented by 19th century
physicists to quantify many different phenomena in nature as they were inventing engines to operate on heat. The Laws of Thermodynamics were also discovered about this same time.

RIGHT: Complexity as
a measure of the rate of
energy flowing through
a system of given mass
where increased energy
flow = increased complexity. Although the total
energy flowing through
a star or planet is hugely
larger than that through
our human body or brain,
the specific rate—in effect,
the rate density —is much
larger for the latter. Chart
is by astrophysicist Eric J.
Chaisson.

On a 13.73 year scale, Modern History (approx. 1750-present) is under
6 seconds!

This number in the upper left of the square is the element
number and the number of electrons.

Introduction to Part I- The Early Universe
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Photon Energy is greater the shorter the wavelength

Photons!!!
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chemistry

star gravity crushes the 2 hydrogens
atoms into 1 helium causing the electrons to hop and release photons.
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Scientific Notation

Big:
Small:
Definitions:

10

x

Scale of the Universe before Our Sun
1 Year = 1 Billion Years
(13.73 - 4.5 Yrs. Ago = 9.23 years or 67% of total time)
C. 13.73 yrs ago: The big bang occurs.
C. 12 yrs ago: The first stars and galaxies appear.
C. 4.5 yrs ago: The Sun and solar system form.

whereby x= the number of zeros behind a “1”
3

example: 10 =1,000

10

-x

whereby x= the number of zeros minus one “0” , in front of a “.1”

example: 10

-3 =

.001 or 1/1,000

Dark Matter/Dark Energy: Called “dark” because it can’t be detected except through it’s effects on the expansion of the
universe. Dark matter attracts, dark energy repels. While dark matter pulls matter inward, dark energy pushes it outward. Also, while dark energy shows itself only on the largest cosmic scale, dark matter exerts its influence on individual galaxies as well as the universe at large.
Quantum: the minimum unit of any physical entity involved in an interaction.
Photon: A packet of pure energy; the massless chargeless carrier of the quantum of electromagnetic radiation.
Electromagnetic Radiation Scale: A form of wave/particle energy that travels the speed of light, is measured in photons
and is not defined as matter. Photon energy is directly proportional to the wave frequency and is the energy received
from the fusion of hydrogen and helium atoms in stars..
Matter/Mass: Matter/Mass is anything made of atoms. The Periodic Table of the Elements lists all the known 118 atoms
on Earth. The # assigned on the table is the number of electrons with matching #’s of protons and neutrons. Exceptions
are basic hydrogen with only a proton and isotopes with greater neutrons than # of the element.
Neutrinos: A particle proposed in 1930 to make atomic radioactive decay equations work. On March 29, 2010 direct
evidence for its existence was found. Because neutrinos were produced in great abundance in the early universe and
rarely interact with matter, there are a lot of them in the Universe.

Part I Early Universe - 67% of total time

Increased Energy Flow = Increased Complexity = Negentropy 2
(entropy deficit)

According to the 2nd Law of Thermodynamics complexity ought to be decreasing, not increasing! Nobel Prize Winner chemist Ilya Prigogine (1917-2003),
biological scientist Stuart Kauffman (1939- ), and others have suggested there
may be a spontaneous tendency towards complexity (negentrophy) where-ever
there are large energy flows. But as of yet it has been impossible to positively
formulate a 4th Law of Thermodynamics defining this energy flow.
Scientist and author Eric J. Chaisson has shown in his work (chart above)
that energy flowing through inanimate systems (and animate systems, both biological and cultural) bring order and create a higher energy state locally, called
negentropy1, within that system. Eric Chaisson and Seth Lloyd also both suggest
that the expansion of the universe may continually create new energy counteracting entropy, as gravity+expansion displays counter-thermodynamic tendencies.
Life itself reverses entropy locally. From page 78, A Matter of Degrees by
Gino Segre:
A living organism maintains its extraordinary degree of order by the
continual alteration of energy from nutrients into mechanical energy
and heat...the assembly and maintenance of a live creature involves the continual shift of nutrients from a more disordered to an
ordered state, one with less entropy.
2
In 2009, Mahulikar & Herwig redefined negentropy of a dynamically ordered sub-system as the specific entropy deficit of the ordered sub-system
relative to its’ surrounding chaos.
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The Big Bang and Energy Flow 380,000 Years Afterwards
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Billion Trillion Degrees
hotter than the Sun.

10

-43

Seconds

Deep in the Universe, the totality of all things, just an
instance ago in the Universe’s time, but estimated approximately 13,730,000,000 (13.73 x10 9 ) years ago
in human time, there was a very dense singularity BILLIONS OF DEGREES HOT. This singularity was as if in the

depths of a black hole, a huge mass crushed to a tiny microscopic
nugget , and so dense that time (a human sense that the universe
flows in a linear progression), space (anything that doesn’t have
mass), matter (anything that has mass, all the atoms listed in the
Periodic Table) and energy (nonequilibrium flow) did not exist. The
universe was one, an undifferentiated soup … . Neither stars nor
planets, indeed not even atoms then existed; all was pure energy,
the cosmic currency that makes change happen. Energy = matter X
speed of light 2 (E=MC 2 ) and all was cosmic energy. Then...inconceivably hot and inconceivably dense, tiny, smaller than an atom, it
began spreading out and cooling rapidly, creating time and space in
it’s path.
No collision lab is big enough to test this early. We know that this is the physical state most possible from the next testable state at 10 -35 seconds, telescopes probing into deep space (which is like probing back in time because
the light being studied was emitted millions of years ago and is a function of
distance), and from physical mathematics.
Most parts of the Big Bang theorizations all hold together under rigorous scientific testing and analysis from 1000’s of information sources, ready to revise
or extend (and receive Noble Prizes) when new information appears, which it
always does.

10

-35

Seconds

As the cosmic energy expands, temperature
falls. At the 10 -35 seconds time frame it is cool
enough for the 4 basic cosmic forces that hold
our universe together appear:
The Strong Force: Holds nuclei together under the enormous forces of repulsion of protons; has a short range.
The Weak Force: Radioactive decay where one quark
changes into another quark or “flavor changes”.
The Electromagnetic Force: Holds atoms and molecules
together and is an exchange force with infinite range.
Gravity: The weakest of the 4 fundamental forces, yet it is
dominant because of it’s huge range and has shaped the
large scale structure of galaxies, stars, etc.
Quantum mechanics (QM) particle research has been on
going since the early 20th century and 3 of the forces have
been physically unified mathematically, but not yet gravity.

Matter under incredibly hot conditions is one of the things cosmologists
and physicists observe at atomic collision labs so that this story can be
told. Since the universe was very dense and hot in these early moments
the universe itself was a particle accelerator. Some of the organizations
where information is collaborated and globally peer reviewed in journals
and other media are atomic collision labs, the Wilkinson Microwave
Anisotropy Probe (WMAP http://map.gsfc.nasa.gov/), telescopes probing into deep space (which is like probing back in time because the light
arriving was emitted millions of years ago), and physical mathematics.
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-33

Seconds

This next period is called “inflation” —
the universe grows from the size of an
atom to the size of a galaxy in a fraction
of a second. The new fabric of space and energy

expands uniformly and faster than the speed of light,
nothing but this travels faster than the speed of light.
Inflation has to be here so that scientific equations,
WMAP information, locations of galaxies and other
physical data work together as a geometric whole.
Inflation was both rapid, and strong. It increased the
linear size of the universe by more than 60 “e-folds”,
or a factor of ~10 26 in only a small fraction of a second. Inflation is now considered an extension of the
Big Bang theory and links important ideas in modern physics, such as symmetry breaking and phase
transitions, to cosmology.
There are holes in the inflation theory. Scientific American’s
April 2011 headline is ”Quantum Gaps in Big Bang Theory:
Why our best explanation of how the universe evolved must
be fixed or replaced. Here is an excerpt:
Highly improbable conditions are required to start inflation...Scientists debate amoung themselves whether
these troubles are teething pains or signs of deeper rot.
Various proposals are circulating for ways to fix inflation
or replace it.

10

-32

Seconds

A Few More Minutes

As temperature falls with expansion
the first matter very rapidly appears as
positive and negatively charged quarks,
known today as matter and anti-matter.

Now all the most basic building blocks are present and
accounted for and the universes architecture is ready
to be sculpted by the 4 forces and soon to be “free”
electromagnetic energy.

A few minutes after the big bang the universe consisted of “quark soup”, a mixture of energy and
charged subatomic particles— a hot jiggling “plasma”, a bit like the center of the sun today. These
positive and negative quarks proceed to annihilate
each other in just a fraction of a second, leaving just
a few survivors. The total remaining mass is about
1/billionth of the original mass of quarks and antiquarks.

Organized particles condensed out of this jiggling soup by the order
of the energy required to hold them together. The surviving quarks
coalesced into groups of 2’s and 3’s. The groups of 3 quarks with 2
“ups” and 1 “down” formed protons (which are positively charged) and
those with 1 “up” and 2 “down” formed neutrons (which are electrically neutral).

Electrons (lighter than protons and negatively
charged) are created in an equally dramatic process.
Some of the organizations where information is collaborated
and globally peer reviewed in journals and other media is
CERN (European Organization for Nuclear Research/ French:
Organisation Européenne pour la Recherche Nucléaire), other
atomic collision labs, the Wilkinson Microwave Anisotropy
Probe (WMAP http://map.gsfc.nasa.gov/), telescopes looking
at “old” light in deep space, and physicists working physical
mathematics models.

Thus formed the proton and neutron nuclei of the lighter elements
of the Periodic Table (those elements with fewer electrons have less
atomic mass) —hydrogen, helium, deuterium, lithium, beryllium and
boron. In this period electrons were whizzing around too fast to be
captured and form complete atoms.
The cosmic microwave background of WMAP is produced when matter and radiation decouple in the next frame, by the de-excitation of hydrogen atoms to their
ground state.

Approximately 380,000 years
As temperature falls the universe is now cool enough
for positively charged protons to capture negatively
charged electrons, creating the first simple atoms of
hydrogen and helium. Electromagnetic radiation (of
which light is but one form) is untangled from the networks of electromagnetism — energy is finally “free”
and ready to make things happen.
Because the positive charges of protons are canceled by the negative charges of electrons, atoms are electrically neutral so electromagnetic radiation can now travel freely through the universe without
getting tangled up in networks of electromagnetism.
The universe now cooled, entering a “dark age” that lasted several
hundred million years.

When matter and energy separated 380,00 years after the big bang there was a
huge flash of energy when matter and radiation decoupled,caused by the de-excitation of hydrogen atoms to their ground state. The cosmic microwave background
measured by the ongoing WMAP (Wilkinson Microwave Anisotropy Probe http://
map.gsfc.nasa.gov/) detects this as a weak energy source coming from all parts of
the universe. Observed distribution of chemical elements fit this prediction also, with
hydrogen accounting for 3/4’s of known matter and helium almost all the rest, in our
5% of the humanly known universe.

ASSESSMENT
Part I : The Early Universe Units 0-4 —physical energy flow before the formation of life.
Knowledge Disciplines: physics, cosmology, astronomy

Terminal Objective: Be able to write/sketch an essay on the big picture of early energy flow as the universe spread out, cooled and complexified after the Big Bang to the formation of our solar system.
(Reference only) Introduction: The Early Universe Units 0-4 Scientific / Energy Concepts

Unit 1: Big Bang Energy Flow
Be able to label a diagram and write a short essay on the natural conditions that occurred after the Big Bang to free up energy and matter.
Unit 2 Objective: Galactic Energy Flow
Be able to label a diagram and write a short essay on the natural conditions of energy that occurred to make the fusion energy of a trillion, trillion, trillion stars comprising the universe.

Unit 3 Objective: Chemical Energy Flow
Be able to label a diagram and write a short essay on the natural conditions
of gravitational energy compressing atoms of hydrogen and helium (the
only atoms that existed at first) and the pressure within exploding super novas to merge electrons and create the chemical complexity of our present
Periodic Table of 118+ elements.
Unit 4 Objective: Solar System Energy Flow
Be able to label a diagram and write a short essay on the natural conditions
that occurred in the formation of our solar system. Earth’s position from the
sun and chemical composition was perfect for energy flow among complex
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