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P REFACE

T

oday, more than any other time in history, people can be in

the know about the world around them. Surf the Internet,

listen to the radio, watch TV, read the press—there’s more

news available than ever before about what’s going on around
the globe. Journalists and news stations strive to beat the
competition by posting current events for your reading and
viewing pleasure.

But isolated pieces of news will not give you a compre-

hensive understanding of the world at large. The knowledge
that European governments have gone bankrupt, financial

markets are down, third world nations are at war, and defla-

tion has taken its grip does not reveal answers to fundamental
questions such as “Why?” “What happened?” or “What went
wrong?”

Yes, there are media programs that analyze the news.

These are all too often complicated by pundits jabbering

beyond our understanding and “experts” expressing contra-

dicting viewpoints. Debating from different perspectives adds
spice to the subject, but not always clarity. Even the vocabu-

lary, terms, and logic can muddle our minds and leave us more

perplexed about what is really happening in our communities,
nations, and the world.
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A waiter in a hotel in Tunisia told me, “This generation

today has computers and is richer than my father’s generation,
but the older ones were happier and more content.” I think, in
general, most of us would agree with this conclusion.

What’s happened? What is going right? What is going

wrong? Why?

Is there a relationship between political, economic, and

social issues in Tunisia, Iceland, the United Kingdom, Nigeria,
Thailand, Zimbabwe, Nicaragua, the United States, and other
countries? Can someone please put history, philosophy, edu-

cation, health, and literature into genuine perspective? Are

current happenings merely a random series of unrelated,
haphazard, isolated events—or do they fit into some sort of
framework that can make sense and give us a plausible Expla-

nation of what’s going on here on Earth?

This first book exposes the global situation from a

worldly, purely rational point of view. I don’t purport to say
that others have not reached these conclusions; indeed, they

have. However, my intention is to lay out a logical framework
of Explanation and systematize it so that you can follow the

development of interlocking events and identify all the factors
in play.

Some of this presentation could seem simplistic to certain

readers. The idea is to make the information presented herein
accessible to all. This book is intended to be neither prose
nor poetry, but everyday ideas offered in understandable

language that is easy to read. Let’s systematically go from

point A to point B for anyone, no matter what his or her
x
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level of knowledge, reading skill, or literary prowess—or lack
thereof—may be. This book includes enough material (along

with the references to information available in other written

works and on the Internet) to guide even the novice reader to
a clearer understanding of how the world ticks.

On the other hand, there are a few chapters—particularly

those dealing with the Big Bang, space, elementary particles,
life, DNA, and the human brain—that could be complex

simply because those subjects are more intricate and involved.
These chapters are necessary for readers to grasp the overall

picture. They might be somewhat advanced scientifically,
since you’ll learn what scientists have found, but you’ll always
be able to skim that material, or reread it several times, to
enhance comprehension. I’ve added a few diagrams to assist

with the visual digestion of this knowledge as well. We need

to recognize that the world and the universe combine to form

a big machine, and that those of us on Earth are little cogs—
important cogs, but small nonetheless in this vast arena of

observation and discovery of our natural and physical surroundings and the events that occur within them.

Today we are fed news piecemeal, generally getting a

lopsided point of view and certainly not a global one. This

author has also been influenced by his culture, education,
upbringing, heredity, and environment. For this reason, the

views presented in this book cannot be totally unbiased.
You might not agree with various viewpoints. Furthermore,
as we progress, I will take stances on certain issues. I’ll give

you my plausible Explanation for adopting each position and
xi
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continue on from there. Hopefully, in spite of any discord,
you’ll continue reading simply to see if there is a global Explanation that makes sense of the world as we know it. You just
might pick up a few interesting ideas that open you up to
some concepts you may not have contemplated.

No solid, global Explanation has been given as to why and

how we are at this juncture in history. How can poverty and

progress advance in tandem? Both of these rival tendencies
impact our everyday lives. They do this not only in the finan-

cial sense, but also socially (via family breakdowns), ethnically,
educationally, physically, psychologically, and in numerous

other ways. Yet I wouldn’t want to live at any other epoch in

history. These are exciting, invigorating, unprecedented times.
So let’s take a front-row seat and see how life unfolds.

Where to start? If we’re going to talk about why the

world—and particularly its inhabitants—are in their present

state and discuss whether this situation needs any modi-

fication, let’s first establish the basis for our discussion. For
example, suppose you have a thousand-piece jigsaw puzzle in
front of you, with no picture to reveal what the puzzle actually

represents. To assemble it, you’ll need a systematic method.
Here’s one approach: Turn all the pieces face up and find the
pieces with a straight edge. Those comprise the frame, which

you can then assemble. Pieces could then be separated by
color, after which some objects might come into focus and

you may be able to put a few pieces together. It’ll be “try and

try again” until, little by little, the puzzle will come together
and you’ll finally see the whole picture.
xii
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This book represents that puzzle and follows that

method. We’re going to turn over all the pieces, which repre-

sent the inanimate world (space, Earth’s atmosphere, water,
land) as well as the animate world (flora, fauna, man), includ-

ing man’s aptitudes, institutions, and knowledge. I’ll paint a
clear picture of each piece. In book two, I’ll do an Audit of

all the pieces. Starting with book three, I’ll put all the pieces
of the jigsaw in place and you’ll have the big picture, or The
Explanation.

However, I do want to caution you and make a very strong

suggestion: do not read the last chapters first or read any

chapters out of order. It would be like taking any one of those

jigsaw pieces and using it to extrapolate the entire image. It
can’t be done. If you do it, I guarantee you will not understand

how I arrive at the final full image. It’s very probable that you

will throw the books down in bewilderment! I request that

you continue making progress just as you would in putting the
jigsaw puzzle together.

I highly recommend that you let other people put the

jigsaw puzzle together for themselves. Lend them this and
the following books, but don’t try to make a shortcut in the

story. The puzzle comes together piece by piece, and the more

pieces you have in their correct places, the easier it becomes
to see where the others fit. Each piece must occupy its one
and only place in the puzzle. We can’t force it into a location
where it doesn’t belong, or we’ll be in trouble. That’s what all

the worldly debates are about: how each person feels his or
her viewpoints, perspectives, or positions are the right ones. If
xiii
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you follow many of these, you’re soon lost in a maze of pieces
that don’t reveal a clear picture.

If you find yourself asking “why” as you contemplate the

world scene today, you’ve come to the right book. Let’s put the
jigsaw puzzle together piece by piece.

xiv

1

E X PAN DIN G
F IN ITY

Imagine the unimaginable . . .
Wrap your mind around the infinite . . .

N

o space. The distance between your eyes and this page is
nonexistent.

No time. The seconds it’s taken you to read these sen-

tences are nonexistent.

No matter. Your eyes, this page, this ink are nonexistent.

No energy. The heat of your body, the light, and even the

dark are nonexistent.

Zilch—absolutely nothing.

Galacti, our time-traveling investigative roving reporter,

is on the scene 13.8 billion years ago and is startled by the
appearance of something out of nowhere: an object that is

the infinitesimal size of a pinhead. Its minute dimensions
are of inverse proportion to its importance. While Galacti is
keeping his eye on this pinhead, a nanosecond unfolds. It is

the first billionth of the first second of time in the universe.
From this outside-of-the-universe vantage point, Galacti can
see the following:

• All matter. The galaxies, the stars, our sun, Earth, and
the entire universe are compressed in that pinhead.

• All energy. Six hundred billion degrees Celsius of
seething heat and blinding light are compacted in that
pinhead.

3
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• Everything, absolutely everything in the universe, is in

that dinky pinhead in the form of elementary or “point”
particles, as scientists call them. They are the most miniscule, impossible-to-split particles in the universe.

Space, time, energy, and matter are compressed in the

pinhead Galacti observes. As our roving reporter examines

these four basic elements, he envisions more complexity within
the micron pinhead:

Space: The distance between your eyes and a string of DNA
under an electron microscope, your eyes gazing at a distant

pulsar 25,000 light-years away, or the Hubble telescope in
space scrutinizing the edge of the universe or a starfield
150,000 light-years in diameter.

Time: The seconds taken to read this page. The weeks taken
to hike to a Mount Everest base camp. The months taken to
travel on a cruise ship around the world. The years of your life

span. The 13.8 billion years it took for the outer layer of matter
to reach its present position—the outer peel of the universe.

Matter: The 1 x 1078 (otherwise written as a 1 followed by 78

zeroes) hydrogen atoms in the observable universe. Every page

of the well over 130 million books ever published. The bodies
of every being (both animals and man). The celestial bodies
and the interstellar space containing, on average, a mere one
atom per cubic meter.

Energy: From the heat of a human body, to that of the seething
4
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6,000-degree Celsius core of Earth, to the thermonuclear 6.5

million degrees Celsius fires of our sun, which is but a wet
firecracker’s worth of energy compared to the billions of suns
detonating and blazing throughout space.
Imagine the unimaginable:
an explosion!

The Big Bang begins.

Space, time, matter, and energy begin to exist.

A nanosecond—a fraction of a blinking second—and the

naissance of the universe just appears. Out of Nowheresville,
from naught, comes finity. It is a spectacular, eye-popping
event: our universe has come into being, seemingly out of that
tiny pinhead.

Galacti has just become an eyewitness to the singular,

once-in-a-universetime launch of man’s adventure in the
universe. We’ve got liftoff—we’re airborne.
Imagine that.

Imagine the universe made up of tiny points.

Point Particles
Let’s return to the Big Bang constituents. Galacti realizes

that there are few constituent particles in the pinhead. In
2014, even scientists have a difficult time readily contemplat-

ing and getting a hold of these evasive, ephemeral particles.
They have to devise reverse engineering experiments to find

and hopefully analyze these elusive building blocks of matter.
They have to start with the end product (matter) and break
5
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it down to reveal its fundamental components. For example,
heat ice a little and you will get water. Heat water and you will

get steam. Heat the steam and the atoms will separate into
hydrogen and oxygen.

Heat one atom of hydrogen, and it will break down to

one proton (its core) and one sole orbiting electron. At a
microscopic level, Galacti tells us what we just accom-

plished—namely, splitting a hydrogen atom. This is equivalent to setting off a one-atom hydrogen fission bomb. Such

a rupture, like an exploding building, releases the minutest
specks of energy. Only highly sophisticated cameras can
visualize and record the trajectories of the sparks’ nanosec-

onds of existence. This is nuclear back engineering. Our

Big Bang pinhead contains only the most basic particles:
elementary particles. Scientists also call them “point particles,” indicating their indivisibility. If you take a point on a
piece of paper or on a computer screen, or one of the dots in

Vincent van Gogh’s paintings and try to split it, you won’t be
able to divide that dot. It’s the fundamental building block
of whatever picture you draw, and of Van Gogh’s famous
Self-Portrait. Likewise, point particles are the fundamental

building blocks of all matter in the universe: quarks, leptons,
and electrons.

Galacti whisks over to Geneva, Switzerland, and is on

the scene one hundred meters below ground, observing the

Large Hadron Collider, or LHC—a machine that enacts
the most sophisticated gunfights more spectacular than any
action film. Picture two subatomic gunslingers facing each
6
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other and simultaneously shooting bullets inside a twentyseven-kilometer circuit of pipes. The “bullets” are beams of

protons. Each of the two gunslingers shoots these beams
into the twenty-seven-kilometer racecourse, where powerful
super magnets spin them until the protons are close to the

speed of light—about one million times faster than Schumacher down the Monza straightway, the fastest on the F1
circuit.

Then they collide: wham! No loss of life, no injury—just

a pyrotechnic show more precise and daring than the most
magnificent special effects. The collision produces elementary particles like firework sparks. The diagram below details
two main categories of elementary particles, quarks and
leptons, each composed of six types or “flavors.”

English scientist J. J. Thomson discovered the electron

flavor in the 1890s, and quarks were confirmed in 1968. The
last “top” quark was discovered in 1995, a mere twenty years
ago.

The electron stuns Galacti, since this spotlight particle
7
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has an unusually long life span and is the senior citizen of

elementary particles. He notes that physicists surmise they

date back to the instant of the pinhead explosion. This is in
total opposition to the infinitesimal fractions-of-a-second
life span of all eleven other particles, which decay immedi-

ately after coming into existence. The word “decaying” here
does not mean decomposition or breaking it down into its

components. Remember: it is impossible to split a black dot,
and it is likewise with quarks and leptons. Galacti sees the
eleven other flavors of elementary particles decay by joining

with each other to create composite particles, the next level of
building blocks, which he’ll cover in a moment.

Each of these point particles has its very own properties:

Electric charge: positive, negative, or neutral charges attracting or
repelling each other.

Weight: the electron has 1/1,837th the weight of a proton. The

quark’s weight depends on the flavor of quark.
Rest mass: the total energy and momentum.
Stability: length of existence.

Spin: angular momentum. Particles don’t actually spin or rotate

per se. They have angular momentum, which is an innate
property of the particle just like its electric charge and rest
mass.

We are not going to go any further than this with details

because this is not intended to be a scientific Explanation.
8
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We are merely showing that state-of-the-art technology and

science genius have both uncovered the unimaginable and
raised more questions.

We know what the basic building blocks are and that

we can measure and analyze a lot of them and know their

physical qualities, but who can say where they came from and
why they have their specific properties?

Can science? Can religion? Can philosophy? Can

mythology answer these questions?

Some scientists are now saying that something

can come from nothing. Imagine that.

Religions believe in a Great Being, Great Spirit,

or Creator. Imagine that.

Philosophers surmise nothing, as they know it’s

beyond them. Imagine that.

Mythology has stories about fabled figures giving

birth to the world. Imagine that.

Can we know? Are there answers? Is there an

answer? Is there one answer? Give us The Explanation.

Composite Particles
As the Big Bang pinhead expands, creating space for shortlived elementary particles to move, they collide into each

other, decaying into composite particles compiled of two or

three quarks. These are more stable living combinations called
“hadrons,” as in the Large Hadron Collider, and they fall into

two categories: mesons and baryons. Galacti reports that most
9
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mesons and baryons last for a fraction of a second, but we
are constantly discovering new ones. Further, Galacti illustrates the myriad varieties of baryons and mesons that can

be composed of any combination of six quarks or six leptons,
with the maximum possible number of such composite par-

ticles calculated at a staggering 66. Galacti imagines every

possible combination of six toppings for his favorite ice cream

(6 x 6 x 6 x 6 x 6 x 6) and calculates a yummy 46,656 aromas.
As of the publication of this book, we’ve discovered thirty-

two types of mesons and forty types of baryons, with more

undoubtedly to follow thanks to the aid of the LHC. There
remains good potential for new findings.

Within the baryon group we find two well-known friends:

protons and neutrons.

10
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Among these, only protons are stable, with a life span esti-

mated at 1033 years. All the rest have lives in the split seconds

except for the neutron in one particular situation: when it

combines with a proton to form the nucleus of
an atom.

To the left is an image of a proton composed
of three quarks: two “up” and

one “down.” Next is an image of a neutron

composed of three quarks: two “down” and one
“up.”

Galacti realizes that these same miniscule particles, along

with the elementary electron, form the paper or electronic
screen on which these words appear. In fact they form all future

matter and every single inanimate and animate object in the
entire universe.

11
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Atoms
We’re now 10-6 seconds—or one-millionth of a second—after
the Big Bang. The temperature has dropped, but is still at a

whopping 1013 or ten trillion degrees. The entire universe now

has a diameter of six million kilometers, which is about the
size of our present solar system. Imagine all this taking place
in one-millionth of a second!

Inside that single solar-system-sized space, the elemen-

tary particles are flitting about, careening into each other,
and decaying into composite particles. Quarks adhere to each
other, flipping into protons and neutrons like the most miniscule roller derby. One proton and one electron are attracted
to each other and the first hydrogen atom exists.

The proton inside this hydrogen atom is 1,837 times

heavier than the orbiting electron; almost the same mass and

size as a neutron, which we find in other atoms. However, as
massive as protons are, they’re infinitesimal, with a size in the
minitude of 2.5 × 10−15 meters—mini-mini miniscule!

From the digital library of the universe, we find the image

below: a helium atom composed of two heavy protons (dark
gray), two heavy neutrons (lighter
gray) and two electrons (white).

Actually, the electrons move about
in a kind of orbital “cloud” rather

than having fixed orbits as shown

in the picture, and they can even

be located right inside the nucleus.
12
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Galacti’s size and distance in the diagram below points

out the staggering amount of empty space in an atom.

If you scaled a quark to measure one millimeter in

diameter, a proton, in which there are only three miniscule
quarks, would be 1,000 times larger, measuring one meter in

diameter. Our intrepid, most miniscule quark would have to

cross an astounding void of one hundred kilometers, or about

the distance from Earth’s surface to where spaceflight begins,
to reach any electrons that may be located on the outer layer
of the atom. An atom is all “air.”
But wait a second.

Remember that our two protons in the helium atom are

relatively heavy, and that both have positive electric charges.
Like the positively charged ends of two magnets, they repel

each other. Imagine a helium atom nucleus with two light
gray magnets instead of protons. How can this nucleus stick

together instead of the protons pushing each other apart?
13
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Neutrons have a neutral charge, so they’re unpredictable.
What keeps them bonding to the mother nucleus? The electrons are little, white, negatively charged magnets that should

cling to the positive mother nucleus instead of moving about
the empty space of the atom.

Imagine our reporter shrinking down to the same size as

the elementary particles, and zipping back to the first nanosecond of the Big Bang. From this “point particle view,” he

understands what is happening. Inherent forces are set in

motion between the elementary particles, conflicting but

equilibrating forces that pull them together and tear them
apart.

We refer to these pull-push forces as energy. Energy takes

the form of both physical particles and nonphysical waves. A

rather difficult concept to grasp, energy is both material and

nonmaterial, tangible and intangible. Unimaginable, yet real,
and proven by the reproducible two-slit experiment which
reveals that energy is, at the same time, a wave and a particle.

The Four Main Forces
Holding the Universe Together
In the nuclear realm—that of atoms—we’ve identified three

amazing forces that organize the elementary particles—this
microworld which is composed of composite particles and
atoms that populated the original space microseconds after Big

Bang. Now, 13.8 billion years later, they fill the macroworld,
14
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an observable universe with a diameter of ninety-three billion
light-years (8.8×1026 meters). These three forces of the microworld are carried by elementary waves and particles. We’ll

leave gravity—which organizes the macroworld—out of the
picture for now.

Strong Force: carried by gluons (pronounced “glue-ons”), elementary particles of which there are eight types or “colors.”

Weak Force: carried by bosons, of which there are three types.
Electromagnetic Force: carried by the photon, probably the best
known because of its association with light.

The chart above gives some details of the three forces

that ensure the stability of all physical substances, and the

image below from the digital library of the universe shows
15
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Photons

Particle mediator: gluons

Particle mass: 0

0

0.1% diameter of a proton
1018

Infinite

Range: diameter of nucleus
10-15

Heaviest known particles

W and Z bosons

1025

Relative strength: 1038

1036

-

+

Changes protons to
neutrons and vice versa,
emitting radiation

Triggers nuclear fusion
causing stars to burn

+

+

Weak Force

Holds atoms together but
allows for bonding and
formation of chemical
molecules

N

+

Holds atom’s nucleus
together

+

Nucleus (+) Electrons (-)

Protons (+) Neutrons (N)

+

Electromagnetic Force

Strong Force

Gravity

0

Gravitons (unconfirmed)

Infinite

1

Holds universe together and
allows for its accelerating
expansion

The Four Fundamental Forces That Govern the Behavior of Matter in the Universe
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these forces and gravity maintaining the equilibrium of your

average, garden-variety atoms and, indeed, the entire universe.

EXPANDING FINITY

To the right is our familiar image of a

proton, with the strong force represented by
the wavy lines holding together the three
quarks like glue.

This force is the strongest of the four

forces. Notice how it far overpowers gravity (1038 to 1). It is

one hundred times stronger than the electromagnetic force

that holds the electrons in orbit and 1013 times stronger than
the weak force that emits particles from the nucleus during
radioactivity.

What’s even more amazing is that the strong force is the

gluon, a massless, weightless particle/wave. It is an entirely different animal than electromagnetism, a concept with which

Galacti and you are familiar. Electromagnetic particles/waves
are electric charges with two states: positive and negative.

Gluons are entirely different. Gluons have three charges or

“colors” that are different than any of the other forces. More
importantly, these forces are unique: they can act only on quarks

within the range of an atom’s nucleus. Even more implausibly, their pull increases as quarks get further away from each

other—unlike magnets, which are easily separated the farther

apart they get. Not so with quarks—the farther apart they are,
the more attracted they are to one another—absence truly does

make the quark grow fonder. Galacti recalls that quarks were
separate in the Big Bang, and he could therefore see them. In
the present, we cannot separate two quarks long enough for
one to be visible. Even though we can splinter a proton with a
17
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billion-volt charged beam of electrons, quarks remain “glued” to
each other by means of the strong force. Powerful stuff.

A Chat between Galacti and the Author
“Let me be personal here,” I interrupt Galacti in the present.
“I’m neither a scientist nor a mathematician. I find this subject

fascinating and stimulating, but once it goes any deeper, I’m
lost!”

“Then why delve into this subject?” Galacti is brimming

with curiosity.

“In order to search for The Explanation, we need to know

something about where we came from and the environment in
which we grew up,” I opine.

“‘We’ as in the human species?” Galacti guesses.

I grin. “That’s right. This chapter and this first book set the

stage. They give us the background, without which we can’t give
a suitable Explanation arriving at a proper conclusion.”

“We’re venturing into some detailed scientific territory

here, aren’t we?” asks Galacti.

“Only to a point,” I reply. “This background information

is not intended to explore the minutest aspects of every cog
and wheel. When you change the oil in a car, you don’t have to
know how many times per minute the pistons pump up and
down in the chambers.”

“What’s important is that the Big Bang seemed to unfold

in a way that set up the forces of the universe as we know it,
and did so in such a way as to create the conditions of life that
18
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we’ll talk about later in the book. With this initiation into the

workings of the Big Bang and other phenomena, we won’t go
into any more detail than you’ve done with your report. We’ll

just set the stage,” Galacti agrees, “After all, there are many

books and you’ll probably include some in the bibliography,
yes?”

“That’s right,” I say, “as well as TV documentaries, movies,

and seminars explaining the details with graphic animations
that our audience can view with the same wonder you experienced witnessing the Big Bang.”

“Not the exact same wonderment,” Galacti interjects.

“Indeed not! However, I think the background infor-

mation will jolt us out of our day-to-day lives. As we say in
France, our “métro, boulot, dodo” (underground, work, sleep)

modern world. In other words, the daily grind. In this book,
we’re stepping away from that. We’re taking Inventory of the

Universe and having a closer look at what makes our environment, near and far, tick. And I want our readers to be thinking
about how intricately intertwined our universe is. Do we realize

that, in the vastness of the relative strengths (1 to 1038) and
range (10-18 to infinity) of these four fundamental forces that

govern the entire universe that, if we modify them in the slightest, our universe would simply not exist? There would be no

stable atoms; no compact astral bodies. That does get us away
from “métro, boulot, dodo,” and even farther—away from our

city, our country, our continent, our planet, and even our galaxy.
Our tunnel vision of our pimples and warts gives us a distorted
image of what the big picture really is.”
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“You mean things like life, our place on Earth, Earth’s place

in the galaxy, and how the galaxy fits into the universe,” expands
Galacti.

“Yes. If we want big answers to big questions, then we need

to start by bringing the big picture further into focus.”

“So I should conclude my description of elementary par-

ticles,” Galacti finishes.

Gluons
We finish our presentation on elementary particles, the smallest
of small, the minutest of minute, the most miniscule of miniscule. We will now examine the composition of a proton.

Remember our proton diagram, with the three quarks held

together by gluons?

It is an outdated and obsolete model. It was a stepping-stone

to better knowledge until an experiment using
a famous nuclear linear accelerator, aptly named
BLAST (Bates Large Acceptance Spectrometer Toroid), advanced our knowledge.

Galacti takes us to the site of that experiment, the Massa-

chusetts Institute of Technology (MIT), and shows us a single

proton being bombarded with electrons to literally blow apart
the three quarks by shattering the gluon “strong force” wavy
lines. The electrons sever the wavy lines like strings. Voilà—a
quark and antiquark formed inside the proton. These new ele-

mentary particles, no longer bound together, join other quarks
to form mesons and baryons. Now, we see the following new
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images of a proton. Instead of a tidy little trio of quarks, you
have point particle confetti! Unimaginable.

and

Quarks interact in a stable manner thanks to the inter-

vention of gluons—particles that carry the strong force. This
force, as we’ve seen, bonds quarks together and enables nuclei
to exist. Photons do the same job by carrying the electromagnetic force between two charged particles.

What about the weak forces, carried by the W and Z

bosons in the diagram? Without them, there’s no change in
flavors of quarks. To make a long story short, weak forces
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change protons into neutrinos, which are needed for heavy
(or proton-rich) nuclei. This is information that Galacti says
will be important later when we talk about stars.

The diagram links all these particles, force carriers, and

forces together, as scientists do, to produce several theories
that explain the “matter puzzle”: quantum chromodynamics

(a theory of the strong force), quantum electrodynamics, electroweak theory, and the grand unified theory (also appropriately known as GUT).

Although there is no currently accepted GUT, these are

mathematical concepts and equations corroborated by experi-

ments and showing how these three forces interact. The
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experiments from science and the equations from mathematics

corroborate each other, and the term “theory” does not mean

“hypothesis,” which signifies a possibility that has yet to be
proven. The dictionary defines a theory as “a set of statements

or principles devised to explain a group of facts or phenomena, especially one that has been repeatedly tested or is widely

accepted and can be used to make predictions about natural
phenomena.”

Scientific observations, testable statements and prin-

ciples, and mathematical calculations corroborate the inner
workings of the micro aspect of our universe. Gravity, which

is not included in the diagram, is one of those inner workings

verified by the three tests above. In fact, gravity may complete
the picture.

Gravity
You are very familiar with gravity because it is always in
action: a waterfall descends, a child tumbles down a water
slide.

In the first second after the Big Bang, the blazing outward

blast is putting space between the elementary particles, first

forming composite particles and now forming atoms. The
distance—or “space”—between these initial elements of

matter is beyond the “microworld” in which they operate.
Now, Galacti sees the fourth force come into play: gravity.
This force attracts atoms into clusters that with time—much
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time, millions and billions of years—will form the stars and
celestial bodies that powder the universe.

This is not a fictitious scenario. Astronomers and scien-

tists have proven it (you’ll find some excellent sources in the
bibliography). But there are a few points—especially questions—that we can address. For instance, how do we know
the universe started as a pinhead and is expanding? And an

even more intriguing conundrum: if the Big Bang theoreti-

cally spewed out this myriad of elementary particles in all
directions, there should be equal distances between all those

particles. If so, from what central point does gravity exercise
its pull? Is there still a “pinhead” point from which gravity
dominates? After all, since the particles are equidistant one
from another, how can gravity pull them together?

It’s a given that the theories of physics can’t tell us why the

four forces of the universe have exactly the characteristics we

observe. Moreover, physics theories, as valid as they are, can’t
tell why the Big Bang exploded and spread the primordial

soup—later the universe—with the precise speed Galacti has
observed. Then what can? Who can?

We are not the first to ask these questions. Scientists asked

them and didn’t have satisfactory answers for a long time, as

we shall see. However, observations and measurements to
do with an expanding universe lead to the confirmation of
the formation of celestial bodies by gravity even if we don’t

yet know why the Big Bang develops from the “pinhead” of

matter in the precise way we’ve seen it unfold. Or, to be more
precise, how we’ve seen it expand.
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The Expanding Universe
Today, 13.8 billion years later, the matter in the original
pinhead is still speeding outward, and its outward thrust will

never end. Strange, because every explosion on Earth reaches
an outward point and then collapses inward, whereas the Big
Bang explosion takes an entirely different direction. Think of

the universe as a rubber balloon (as scientists have suggested)
into which the primordial soup was poured, and imagine that

you are sticking pins into its surface. Now pour more liquid
in. The balloon stretches outward and the pins (representing galaxies) move farther away from each other, but as the

balloon universe expands, the pins/astral bodies remain in the

same location, one to another, even though they move farther
apart.

Consider this: if the speed of the expansion of our

universe were just one ten-thousandth slower, the expansion

would have stopped when the universe was 30,000 years old.
This is the era of atomic nuclei, when the temperature was
still 10,000 degrees Celsius—too hot for electrons to bond
with nuclei, too hot for all the atomic processes, and too hot

for our “rubber universe.” If the expansion were one-millionth
faster, the point particles and all matter in the universe would

have been scattered “like dust in the wind,” spread in all directions so that it could never condense into galaxies. That is the

reality of the Big Bang. But in our present moment, we have
to ask: why is the universe expanding at just such a speed?
Why should it be so? How do we know it is so?
25

INVENTORY OF THE UNIVERSE

Science showed us the first surprising inkling of evidence

for an expanding universe in 1920, when Edwin Hubble

measured the spectral chromatography of Cepheids, or pulsating stars.

Hubble discovered the red-to-blue wavelength. This is

similar to what’s known as the Doppler effect. If you’re in your

car (the dot in the ellipses to the

left) and you hear an ambulance

siren (the ripples on either side),
you can tell it’s getting closer

because the sound gets shriller,

and as it passes you it gets duller. That’s because the sound

waves get shorter as they approach, raising the sound pitch,
and longer as they recede, lowering the pitch. Because of this,

you can tell if the ambulance is approaching or moving away.
Likewise with the astral bodies.

We now know that the astral bodies are receding from

Earth in all directions and that the farther the bodies are from
the center, the faster they travel.

Remember that the pinhead, like a cup of hot tea, was

heated to the extreme. Given time, however, it cools off like
the tea until it reaches room temperature (or colder, if you

want iced tea). The scenario is similar with the seething heat
from the Big Bang. As elementary particles whip through

space, they cool to three degrees Kelvin above absolute zero,
which is -273 degrees Celsius (zero degrees Kelvin).

Three degrees Kelvin is also an important number for our

purposes—one which figures in one of the major proofs of the
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Big Bang: the fossil echo. In 1960, Arno Penzias and Robert

Wilson were calibrating their telescope by pointing it at a

distant star. “By mistake,” their equipment picked up a wave-

length of energy with a temperature of three degrees Kelvin.
Further observations led them to realize that no matter where

they pointed their telescopic thermometer, the detectable
wavelength was three degrees Kelvin. It existed indelibly, like

the impression of a prehistoric trilobite in rock. This is now

called the fossil echo of Big Bang. It’s the residual temperature

that remains throughout the universe after 13.8 billion years,
just as the tea in the cup would be a couple of degrees above
room temperature at a given point in its cooling process.

We can look through the COBE Satellite to further

illuminate the tea analogy. In 1992, NASA’s hypersensitive

COBE satellite took a panoramic photograph of this fossil

echo, which has been greatly magnified and honed by suc-

ceeding WMAP (2003) and Planck (2013) satellite missions.
Think of a wall of adobe with all its ridges and bumps, or of
paint with air bubbles in it. If you traveled to 1992 and eaves-

dropped on the scientists, you would learn that the scientific
team previously thought the universe would be uniform like
perfectly mixed concrete, and instead found “lumps”—regions

in space—differing by one-millionth of a degree in tempera-

ture as witnessed by the image on the next page (different

shades for different temperatures). The takeaway point here

is that matter clustered together and condensed into galaxies.
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The fossil echo shows clusters huddling together. In other

words, the myriad galaxies are anything but equally spread over

the night sky. They’re bunched together with huge, varying
amounts of space separating them. Our universe is not homog-

enous. NASA scientists concluded that if our universe had
been too homogenous at the time of the beginning, all the par-

ticles could not have come in contact with each other without
a mysterious period of inflation—ultrarapid expansion—that

happened when the universe was relatively small. Nobody

knows what powered the inflation, yet conditions at that point
of the Big Bang helped “inflate” matter, specifically the point
particles.

Galacti rewinds the universal playback to a billion years

after the Big Bang, a time in which that fourth force, gravity,
pulls point particles into clusters that form galaxies of stars.
Over time, hydrogen and helium atoms burning within stars
cause stars to explode—a smaller version of the Big Bang—and

spread matter into space. Subsequently, this matter coalesces

into new stars and planets that make up galaxies such as the
Milky Way.
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The Theory of Everything
Galacti muses over a few simple questions based on proven

scientific fact: How can an ever-expanding explosion come
from a pinhead? If there are four forces that govern the

explosion, what is the force behind this phenomenon, the
force that caused the initial inflation of the universe? In

other words, why wasn’t the explosion of elementary par-

ticles homogenous like a bowl of creamy asparagus soup
(Galacti’s favorite), but rather like chicken soup, with bits

and pieces agglutinating and floating all over the place? And
how does gravity play a part?

To begin to answer these questions, Galacti completes

his diagram from the “digital library” of the universe by
presenting the four forces that govern our entire universe
from the most miniscule to the most gargantuan (see the
two-page diagram on the following page).

In particular, we can see that gravity has been added to

the Grand Unified Theory to produce the theory of everything.
As much as the GUT can be mathematically demonstrated

and is a proven—although not a universally accepted—

reality, the theory of everything is only an evasive illusion,
like the medieval Philosopher’s Stone that works only in the

Harry Potter books. Scientists in the 1970s boasted that they

would have the theory of everything by 1999. By contrast,
in 2013 scientists admitted that they may never attain this

perfect mathematical equation that fuses the four forces into
a coherent Explanation of how the universe functions.
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We have all the mathematics to explain the three micro forces

of electrons orbiting atomic nuclei in clusters of molecules
as well as the mathematics for the fourth force of planets

orbiting suns in clusters of galaxies, but we can’t tie them
together. Simply explained, the problem is that if we apply
the micro forces’ math to the macro bodies, planets would

collide with their suns! As astronomy professor Dr. Pamela

Gay is fond of saying in the weekly podcast Astronomy Cast,
“The math breaks down.”
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We know it works but we don’t know how it works.

So far, the theory of everything is an elusive theory with a

sense of assumption and conjecture. This is not to say that it

doesn’t exist, as scientists might actually prove it, but as of yet
no one has discovered a convincing Explanation.

Let’s add a thought to this. The theory of everything

refers to our physical, visible universe. That which is observable, testable, and measurable. Anything metaphysical is
outside of this theory. How is it that the conditions of the

Big Bang resulted in life on Earth? How is it that humans
developed on Earth to ponder these questions? Why do we
ask these questions and turn to people who we think have

the answers? Why is it that my brain invents Galacti as a way
for me to visualize the Big Bang and to ask these questions?

I’m not alone in this: every scientist discussed here, including Einstein, Arno Penzias, and Robert Wilson, shares this

behavior and these thoughts. By reading this book, you show
that you do as well.

As I mentioned to Galacti, our goal is to break the “métro,

boulot, dodo” workaday experience and expand our horizons,
as well as open our mindscape to wider perspectives. The
Galacti perspective shows us that the world doesn’t revolve

around you or me or us. We’re participating in a cosmic story,
and yet we don’t know what it is! We’re adrift in a sea of
phenomena.

An instant before Big Bang, these phenomena weren’t

there. An instant later they existed, and they do exist now.
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As invisible as they are, they are real. They gave rise to point

particles, quarks, leptons, protons, atoms, molecules, elements,
land, water, air, flora, fauna and . . . you and I. But no authority
can tell us conclusively why or how—and everyone on Earth
believes different authorities.

Science gives us the big physical story of where the Earth

and sun will be in five billion years. Religion tells us that

only those that belong to their religion will be in some sort of
heaven. Mythology gives us more-or-less make-believe sce-

narios of future worlds. Some schools of philosophy tell us
that our existence is here and now, and that there is no future

beyond this life. Leaders in society are interested in today and
the immediate future. Their mandates are at the maximum for
their lifetime.

Can we know? Are there answers? Is there one answer?

Imagine the unimaginable. Look at the dot on this “i” and

consider all the mass and all the heat of all the thousands
of billions of galaxies—each containing thousands of billions

of stars in the vastness of the universe—condensed in that

miniscule dot. One-billionth of a second prior to Galacti’s
post-Big Bang broadcast, that dot containing the primordial

soup with the conditions for life in this universe didn’t exist.
Why? Give us The Explanation.

Be prepared to pull up anchor for our voyage. Rather than

being adrift, we are setting sail through the phenomena of the
universe.
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Imagine embarking…

W

e’re traveling through a foreign yet familiar landscape.
Galacti is waiting as your tour guide. You feel a bit

awkward trying to communicate, because as of yet you barely

speak the language. You’ll have help interpreting the attrac-

tions and destinations we’ll see on our tour. We’re taking a
short trip into the macro- and micro-universes around us in

order to give us the out-of-the-universe view that allows us to
see our sublime surroundings.

Bear in mind that the “microworld” initiated by the Big

Bang was a highly structured, highly complex pinhead. We
have explored a bit of that territory already. However, like

an explorer caught in the jungle and discovering only small

parts—naming trees, rivers, and ruins, for example—we don’t
have the complete picture.

We are taking a reading trip to a destination: The Expla-

nation. We’ve left port and are heading to our objective. We
have a specific route to follow in order to arrive at that one
point a long way away—a destination we can’t see.

Welcome aboard as we whisk through the billions of

years since the Big Bang to reach planet Earth’s atmosphere.
Galacti is following us as our redoubtable tour guide.
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The Big Bang’s first seconds and minutes
To recap what our tour has already shown us: The pinhead
leads to an exploding seething mass > elementary particles >

cooling > strong force > composite particles > electromagnetic
force + weak force > atoms > hydrogen > expansion > gravity.
Such is the scenario explored in this diagram:

Galacti shows off the hydrogen atom, which is once again

a major point of interest on our tour. It is the first (and simplest)

atom, with one proton in its nucleus and one orbiting electron.
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In Galacti’s hands, we can see that the hydrogen atom is the
“sparkiest”—or the most combustible—of all the elements.

To illustrate what life would be like without the hydrogen

atom, Galacti leads us from the atomic level into the Chal-

lenger Deep inside the Mariana Trench. This is the deepest,
darkest point in the ocean. You can’t feel any heat or light, and
you can’t breathe. You are in the “midnight zone.”

Now imagine that you have jumped from the ocean back

through time and space and you can once again see that

hydrogen atom giving heat and light. Inside the ocean you
swam inside cold and darkness. Normally, cold and darkness
are synonyms for death and destruction, and heat and light
are life-givers.

You see heat and light all around you as gravity spins

hydrogen into gold.

Stardom
Drama unfolds. Light and heat photons, elementary parti-

cles/waves that carry radiation, wage their own quiet struggle

and escape the strong force Houdini-style after 300,000 years.
Picture a subatomic particle/wave wearing a little straitjacket
and then after 300,000 years, bam! You’ll have to use your
imagination to “see” further than 300,000 years ago, since

even the outer-space Hubble Telescope can’t get past that

time barrier. There was no light before the photon’s escape.
After that 300,000-year mark, the photon streams out of the
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expanding “soup” at the speed of light: 300,000 kilometers per

second. It is the fastest moving of all the elementary particles.
You can see them clearly, however, from your tour vantage

point. Some are vibrating at a light-giving, visible frequency
while others vibrate at a higher, heat-radiating frequency.

Now imagine yourself on a beach in Hawaii at dawn.

You can better appreciate the lush scenery thanks to photons,
which give us daylight. You see different photons bounce

off different surfaces as different colors—blue-green for the

ocean, golden for the sand, black for the volcanic sand, and

pink or red for the dawn. Thanks to photons, you feel the
warmth of the Hawaii sun (the temperature is twenty-eight
degrees Celsius all year round) or the crackle of a luau fire

later that night. But we’re getting a little ahead of the story,
because 300,000 years after Big Bang there are no surfaces
or luau fires. We do have the first stars—out of which our

surfaces come as gravity has pulled the hydrogen into spiral-

ing balls of fire—and the first shining, radiating stars are born.
Our locale is beginning to look like a universe.

The Life Cycle of a Star
Star formation is a dynamic process more awe-inspiring
than any Hollywood celebrity. Speaking of celebs, our first

stars are the Sir Laurence Oliviers of the universe, but they

are as volatile as Hugh Laurie’s curmudgeonly physician,
Dr. House. Once the principal roles are cast, the production is carefully scripted and we turn our camera to the birth
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of a star taking place one billion years after the Big Bang.
As the hydrogen in a star burns, it decays into a brand-new

element: the volatile helium, which represents 24 percent of
all matter in the universe. Hydrogen—from which helium has

decayed—represents 74 percent of all matter in the universe.
Remember that, in element decay, existing elements combine
into new ones like an atomic makeover. Helium develops in
this way and expands our new star into a red giant with a

core of hydrogen and an envelope of helium. Our starlet is the
original breakout star—a huge star.

When that core of burning hydrogen is consumed, all

the outer helium collapses to the center and the violent death

implosion phase of the star’s life begins. These are the original

“special effects” of the universe. Imagine a ball thrown high

in the air. There’s the upward thrust, then it gradually slows
down. For a split second, the ball is motionless before beginning its descent (inward, in the case of stars). Now imagine
billions of weighty balls doing this from thousands of meters
in the sky, plunging from all directions. The crushing impact

fuses the helium together and, in this collision, many new
chemical elements are born.

With Galacti you have a front seat as you watch the

elements come into being: beryllium, carbon, silicon, sodium,

oxygen, and magnesium, gold, silver, and iron, the heaviest.
There is a map of heavy metals, a map of future combinations
such as carbon dioxide, gold, and silver combining to make

the universe’s first wedding ring. There’s no combo with iron,
however, since iron is a heavyweight. Lithium is busy making
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new connections, since all the lithium (or Lithium-7 to be

more precise) in the universe appears within the first 300,000

years after the Big Bang. Lithium-7 is a key ingredient in
nuclear reactor coolants in the present, but no one is thinking
of nuclear reactors right now because the original universal
reactor is still at work.

Under the pressure of gravity, the mating dance of helium

atoms cannot be ignored. They “want” to form bonds and are

transformed into a fiery molten mass: a soup of heavy metals.
This helium fusion drives atomic energy to astronomic heights
and climaxes with the thermonuclear explosive force in the

core overtaking gravity’s compression. In an instant, Galacti
dances on the waves as the supernova blast spews the newly

formed life-giving elements into space. They are free to bond
in a cosmic celebration. As for the supernova, it dies out and
eventually collapses into a black hole or neutron star. Galacti

can show us the first red giant stars in our imagination, since
we do not have pictures or videos. He can witness them in

all their massive glory, each mass transforming into a volatile
supernova like a heavy metal band destroying the stage.

Without these explosions—without the heavy elements—

our Earth would not exist.

Earth in the Making—It’s All about Location
First, however, we add gravity. Gravity pulls together those

red-hot (but cooling) heavy elements spewed out from the
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supernova explosion. These heavy metal bands are more

massive elements, and are in the Rock and Roll Hall of Fame
as the first twenty-four elements in the periodic table. They
have more mass than hydrogen and helium—the original

inductees—which means they have more gravity to pull the
stardust together as the universe cools.

Our galaxy, the Milky Way, with its 100 billion stars,

including our solar system with its eight planets, three dwarf

planets plus 146 known moons around the eight planets, was

formed between 10 and 13.6 billion years ago. We can thank

beryllium for revealing the secret of the Milky Way’s age,
since scientists who study beryllium today use the element
to determine the galaxy’s date of birth. When Galacti talks

about our sun’s age, he puts the spotlight on uranium. Scientists have used uranium to establish our sun’s age at 4.6 billion
years. The sun seems like a baby—young and small in this vast

old galaxy. Our eight planets surround the baby Sun like one
giant interplanetary crib mobile.

Earth is just a speck in the Sun’s “eye” in this stunning

display of celestial bodies. But over millions of years, that

invisible speck of a speck has become a very hospitable place
compared to its neighbors. Galacti has donned the humorous

guise of a universal real estate agent as he surveys the other
planets. I play the role of the client.

“It’s all about location, location, location,” Galacti says

to me. “Now, take Jupiter. That neighborhood is gaseous. No
solid surface at all, and a bad neighborhood for a stroll, what

with all the storms. The atmosphere is ammonia, so you can’t
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breathe. You’d have to buy a hazmat suit. In addition, you’d
eventually end up gaining weight because of the gravity—it’s

ten times that of Earth. Mars is in a great location for com-

muters, but they make a lot of iron oxide in the planetary

factory there. On Earth, we use it to glaze pots, weld girders,
and give power to military incendiary bombs. That’s a little

frightening. You’re also living in a wind tunnel if you are living
on Mars, so the dust gets in your lungs and creates electrostatic charges that will fry your computer. Venus? It sounds
romantic, but it’s hot enough to turn a fried egg to vapor
and the air is poisonous. No. You want to live on Earth. It’s

a brand-new community currently in development, and right
now you can be the first to move in.”

“It doesn’t have any of the dozens of catastrophic condi-

tions in those other bad neighborhoods?” I ask.

“No. Earth has none of them,” Galacti says. “You’ve heard

of curb appeal. Earth has atmosphere appeal.”
“Sign me up,” I say.

“All right. As a bonus, let me show you the Earth’s atmo-

sphere. You are just going to love it.”

“Galacti, you’re making emotional appeals, not scientific

statements.”

“Sorry. I threw myself a little too much into the part.

Let’s rather turn over this next set of puzzle pieces and get

a clearer picture of this physical cocoon we’re immersed in
and without which we could not live. Let’s get into some of

the facts about Earth’s atmosphere that affect us on a dayto-day basis.”
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Earth’s Atmosphere: Ingredients for Life
From space you can see the protective bubble we call the atmo-

sphere—a multilayered barrier that protects Earth’s inhabitants

from the -270 degrees Celsius of frigid space. In proportion
to the Earth, the protective atmosphere shield is thinner than

the skin of an apple. Our apple peel atmosphere is primarily

composed of 78 percent nitrogen and 21 percent oxygen. On

the apple pie chart of the Earth’s atmosphere, we can see that
nitrogen and oxygen leave 1 percent for numerous other vital

gases including ozone, carbon dioxide, and water vapor. These
proportions are not accidental, since the gases must be in exact

proportions to support life on Earth. There’s no minor role
here; each is essential.

On our descent to Earth, we pass through each layer of the

atmosphere. We are, in essence, passing through even thinner

slices of the apple peel and each one mirrors the exact element
proportions of the entire atmosphere.

Stop One: the Magnetosphere. Compare the magnetosphere to

a set of brand-new solar panels on the roof of your house. The

magnetosphere is the uppermost limit of Earth’s magnetic field,
from which we derive magnetic and electric forces while retaining and protecting the planet from the Sun’s high-energy radiation particles.

Stop Two: the Ionosphere. On our real estate tour we ask about
satellite TV, radio, and high-speed Internet communication in
our prospective neighborhood. We come to understand that
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the ionosphere reflects radio waves back to Earth. Without the

ionosphere, we would be in a “dead zone,” as the cell phone
commercials say.

Stop Three: the Ozone Layer. “I call this the ‘greenhouse level,’”
Galacti says as we cross the thin but vital ozone layer, without
which Earth would be exposed to deadly UV light that would

barbecue us. Think of ozone as a weatherizing shield that works
with the stratosphere and troposphere to protect our prospective home. We’ll hear more on the “greenhouse level” in a bit.

Stop Four: the Stratosphere. We ask about the watering and irrigation system. Will our new home be fertile? Will it have fresh
water? What about waste elimination? We imagine a voiceover, as if from a TV ad for real estate, telling us to “Take a look

at those clouds. Nature’s watering system. They pour out life-

giving rain while recycling water and other chemicals in the
evaporation/precipitation processes. Don’t be afraid of all the
lightning and thunder, even though there are 1,800 thunderstorms in progress at any given time within the stratosphere.”

Final Stop: the Troposphere. Now we proceed to the interior,
which includes the air conditioning, electricity, and heat that

sustain life. Think of it as a house with the thermostat set at
twenty degrees Celsius. Inside that home, we have the ideal
mixture of nitrogen, oxygen, heat, and light to support life on

the Earth’s surface at sea level and above. Twenty percent of the

worldwide population lives less than twenty-five meters above
sea level.
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I’m reminded of a visit to the highest train station in

Europe: Jungfraujoch, located near Bern in Switzerland. Our

guide said to be careful as we alighted at an altitude of 3,500m.
Indeed, I felt dizzy and short of breath and I had difficulty

climbing stairs. Yes, you can get acclimated, but our bodies
don’t function optimally at such altitudes. Some feel discom-

fort at 750m, the altitude of Sao Paulo or Jerusalem. That’s a

little shy of the 163 floors of the Burj Khalifa in Dubai, the
tallest skyscraper in the world at 828m. After my breathtaking
Jungfraujoch alpine visit, I was glad to come down to Kleine

Scheidegg railway station at a more reasonable 2000m, where I
could appreciate breathing more freely. Considering the astro-

nomic distances of the universe, man functions in exceptionally narrow parameters.

Now, as we stand on the Earth’s surface, Galacti lets us

wander about on our own. We look at the eye-catching

displays he has created, such as the figure below: a visual layout
of Galacti’s Earth “open house.”

We can see the path that solar energy takes in order to

deliver all the heat and light that reaches the Earth’s surface.
However, the direct heat from the sun heats to only eight

degrees Celsius. Earth absorbs the sun’s radiant heat while
reflecting some of it back into the atmosphere, where it’s redirected to the Earth’s surface via the greenhouse effect. This
brings the surface temperature up to a comfortable, steady

fifteen degrees Celsius. This greenhouse effect has kept Earth’s
temperature stable for millions of years.
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We walk barefoot on a beach, all the while feeling the life-

giving sun on our faces, and with each step we become aware

that we could experience the full heat of two high-temperature
sources above and below us. We descend 6,378 kilometers from

the equator and dissolve in the Earth’s core of molten lava,
which has a temperature of 6,000 degrees Celsius. We ascend

through the Earth’s atmosphere and disintegrate in the heat of

the sun’s surface—measured at 6,000 degrees Celsius—before
we even get to the fiery core of the sun with its heavy nuclei.

Remember the weak force in chapter 1? Galacti tells us

the sun’s core would not burn at fifteen million degrees Celsius
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without the weak force, which transmutes protons into neu-

trinos to produce deuterium, needed for the fiery interactions
that fuel the sun giving daylight and heat with which Earth
is drenched.

We can feel the temperature that is just right in the skin-

thin few dozens of meters of altitude we’re exploring. When
daylight covers our location, wherever that may be in the

“neighborhood,” we know that the fine-tuned arrangement of
the atmosphere sends us the correct amount of sunlight to
produce natural Vitamin D in our bodies, for example.

“Vitamin D,” Galacti broadcasts planetwide. “You just

can’t get your minimum daily requirement on Mars or Jupiter,
but you can on Earth. On those other planets, you’d need
sunlamps even if you lived in a biosphere. Otherwise, you’d
have low bone density, a weak immune system, and seasonal

affective disorder (SAD). On Earth, however, if you have sun

exposure in moderation, you get your Vitamin D. Guaranteed.”
“Thanks to the atmosphere,” I say when Galacti takes a

break from his role as announcer.

“Yes, but the atmosphere is still a puzzle,” Galacti replies.
He ascends. I follow.

The Hydrogen/Helium,
Nitrogen/Oxygen Mystery
As stated above, the predominant proportion of gases in the

universe is 74 percent hydrogen and 24 percent helium. So
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why, then, do the layers of Earth’s atmosphere have a totally

different composition: 78 percent nitrogen and 21 percent

oxygen? Even more enigmatic, why do entirely different gases
have predominance within Earth’s confines? Nowhere else in
the universe, to our knowledge, do we find such a blend.

An apple pie chart displays the atmosphere in the “neigh-

borhood.” Nitrogen and oxygen, along with a mere 1 percent

of all the other vital gases, combine to support life. You don’t
find that on turbulent Jupiter. We can ask, “Why are nitrogen
and oxygen in the majority on Earth? Where did they originate? How and when did our atmosphere trap them? How
and when were these proportions established?”

I examine the specifications and features of the nitrogen-

oxygen atmosphere in the real estate brochure for Earth. Oxygen:

check. I know that, as humans, we need oxygen for combustion,
heat, and fire to cook our food. Most of all, we need oxygen to
breathe. Moreover,
that oxygen inside
our
in

lungs

concert

works

with

“fuel” from foods to

provide the muscular
energy

we

burn

and the 37 degrees

Celsius body heat

we need to maintain

our vital organs in
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working order. We breathe carbon dioxide out into the atmosphere, and the trees that shade our heads carry out a comple-

mentary process: combining energy with this carbon dioxide
and other elements.

We humans—as well as the birds, fish, and other animals

that surround us—use sugar and oxygen to produce carbon

dioxide, water, and the energy needed for activity. Conversely,
the plants in our meadows, deserts, and forests use carbon
dioxide, water, and energy from the sun to produce sugar

and oxygen. We have not been able to recreate this balance
artificially without requiring pumped-in oxygen. Without a

steady, reliable supply of oxygen, no life, no combustion, and
no energy can be released to run our bodies.

Oxygen is covered. Check. What about nitrogen?

Since oxygen receives all the press, you might be surprised

to know that nitrogen is the basis of life. If you test the most
basic building blocks (amino acids and proteins), you will find

nitrogen. Take those amino acids, which I will represent with

pipe cleaners or Tinkertoys of different colors, and build a
familiar double-helix structure: DNA, our genetic carrier. We

will discuss DNA in chapter 7. DNA is composed exclusively
of amino acids, so no nitrogen means no amino acids, which
means no DNA, which means no life.

We might think nitrogen insignificant, even in light of

its role in DNA. It is unreactive under normal temperatures
and pressure and inert in relation to other chemicals, meaning

it doesn’t combine and merge easily, despite its efficacy in
DNA. It doesn’t make chemical reactions with other elements
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from the Earth. In other words, it’s as dull as reading the fine

print of a real estate contract. Yes, nitrogen forms amino

acids, which are the basis of life, but nitrogen on the surface

looks like Clark Kent: boring and barely noticeable. However,
nitrogen has a singular Superman property.

Nitrogen Cycle
How can this lifeless element, representing 78 percent of

atmospheric content, be assimilated into plants, animals, and
humans that have no direct absorption process for this fundamental building block of life?

We shrink down to the soil

and burrow inside on the backs

of earthworms so that we can

see microorganisms in the soil

convert nitrogen from the air into
compounds called nitrates. Like

the sun’s rays assist Superman,
bacteria in the roots of beans,
peas, and alfalfa convert nitrogen
into nitrates and ammonia. Other
plants absorb these trace nutrients

in order to grow. Imagine eating
tasty Louisiana red beans and

rice while knowing nitrates are

entering your body. Plants, vegetables, and fruit as well as fish,

meat, and animal products give us our essential share of nitrogen,
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which our bodies turn into amino acids and proteins that enrich
our biological processes. We won’t become Superman, but we’ll

be healthy for the remainder of our journey and strong enough
for The Explanation.

In the meantime, we’ll learn that those sole living micro-

organisms and bacteria capable of transforming atmospheric

nitrogen into absorbable nitrates—a process that has been
dubbed one of the most extraordinary chemical processes
ever—actually possess DNA, amino acids and nitrates within

their own cells. How can this be? Why do these microorgan-

isms have the very ingredients more complex organisms need,
when the bacteria also need the nitrogen in the amino acids in

order to live and to convert nitrogen into nitrates? Nitrogen is
inert and needs live bacteria to render it biologically consum-

able, but live bacteria must have nitrogen in their own amino
acids to be alive, so which came first?

Galacti changes hats, from real estate agent to welcoming

party. “Let’s put the nitrogen question on the back burner for
the moment,” he says. For now, let’s just experience the clean

air in our lungs, be happy for the protection of the atmosphere that shields us from the universe’s blend of helium
and hydrogen, and know Earth’s atmosphere as a life-facili-

tator. The just-right, life-sustaining “home brew” of oxygen

and nitrogen still remains an intriguing puzzle in our minds,
and nitrogen’s role specifically. We know something of how it

works, but we don’t know the entire picture. Where did this
balance come from?

If we want peace and prosperity on Earth, these situations
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and questions are part of it. We think that we can create Earth’s
environment elsewhere, as we’ll discuss in book two, but let’s
open your eyes, nose, and mouth and breathe in the atmo-

sphere as part of The Explanation. Take some time to reflect

on the atmosphere while we walk, hike, lie on our backs at the
beach, camp, and gaze up at the sky—at those invisible layers
which cocoon our daily lives; not only our bodies, but our

comfort via communications, warmth, and oxygen. Without

these basic elements, there wouldn’t be a you and I, and we

wouldn’t be able to begin to ask questions about harmony
on Earth and the role water plays. Clearly our excursion and
Inventory taking of our surroundings is just beginning.
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magine the unimaginable. We are literally splashing around

in the ocean now in our quest seeking The Explanation. We

are treading water.

Remember the pinhead crammed with all the particles

and all the energy in the universe. It’s also what is known as a
causality dilemma, the relationship between two events. The

first is the cause and the second is the effect, the latter being
the consequence of the former. Which came first, the chicken

or the egg? It’s easy to smirk and dismiss this question as
fuzzy rhetoric. We, however, have already seen a couple of

these conundrums: Where did the material and energy in the

pinhead come from? If they came from a supernatural origin,
where did the supernatural origin come from? As another
example, at the end of the atmosphere chapter we ran into the

nitrogen riddle. Nitrogen is inert and needs live bacteria to
render it biologically consumable, but live bacteria must have

nitrogen in their amino acids to be alive, so which came first?
Such questions can degenerate into metaphysical and

philosophical squabbles, which we want to avoid here. Our

time-traveling tour guide is bored with them, since he already

knows such dilemmas are real and do exist, and we will see
more of them as we proceed.
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This leads us to The Explanation, but before that it is

basic to lay out the questions. When you put a jigsaw puzzle

together, the first thing you do is turn over each piece so
you can see the picture side. That’s what we’re doing here—
turning some basic “life” subjects right side up so that you can
see each piece in the overall perspective of the entire 1,000piece puzzle. Let’s turn over the “water” piece.

The title of the last chapter, “Atmospheric Cocoon,” is

deliberate. I could have titled this chapter “Water Cocoon.”
As we submerge ourselves in the subject of water, think about
the second word in both titles. The word “cocoon” connotes a
couple of meanings: “comfort,” as in swaddling, or “cocoon-

ing,” as in the more classic silkworm cocoon. Both of these
usages apply to the atmosphere, but the second usage implies
an important principle.

The silk-worm cocoon is a closed environment; that is,

within the cocoon are all the elements needed for the livelihood of the silkworm during that period of its life. Nothing

is added and nothing is subtracted; thus, the cocoon contains
the quantity and quality of essentials necessary for survival
and growth until the next stage of development is reached.

With regard to the silkworm cocoon and the earthly

cocoon—of which planet Earth is the nucleus—the closed

environment analogy isn’t fully correct, since both cocoons are
permeable to the light and heat of the sun’s rays.

However, with regard to elements in our troposphere, the

lowest layer of Earth’s atmosphere, we do have impermeability. Both the upper and lower aspects of the water cycle, which
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we will soon explore, are a closed circuit. The clouds from the
upper aspect provide the sprinkler system that delivers water

to the lakes and rivers and ultimately to the underground

aquifers (the lower aspect). Underground aquifers function as
Earth’s water storage system, working together with the sprin-

klers to provide a precise, unchanging amount of an absolutely
essential element for life in our cocoon: water.

The estimated quantity of water on Earth is 1,386,000,000

cubic kilometers, which we can see hovering in front of our
face in a holographic projection of a single cube.
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Each tiny cube (such as the one representing biologi-

cal water) corresponds to approximately 1,000 cubic kilo-

meters of water with a mass of approximately one trillion
tons (200,000 times that of the Great Pyramid of Giza or

five times that of Lake Kariba in Zimbabwe, the largest
man-made reservoir). The entire block comprises one

million tiny cubes, each having sides of 1,000 kilometers,
which is the distance from Kuwait to Qatar. Our time-traveling guide thinks it humorous to plunk a cube in the middle
of two desert nations. The water block contains the esti-

mated quantity of water on Earth: a stable, static quantity

that the cocoon and all it contains has at its disposition. Not
one bathtub more, not one bathtub less.

Seeing the cube positioned in the Arabian Desert makes

us realize water is a commodity we, especially in the devel-

oped world, take for granted. This life-giver, life-protector,
and life-facilitator is just there, readily available when we want
it for whatever use. It rarely gets much of a second thought

until hurricanes and floods occupy the international news, or
in movies such as the 1995 Waterworld. Waterworld is science-

fiction scenario built around the idea that the polar ice caps
melt and flood the Earth in a postapocalyptic world.

Yet water needs more than a second thought in our

humdrum daily life that is absent of disasters, for it is one of
the three prime substances on which life depends. We breathe

the air in the atmosphere, and we drink water (from a cup,

not from the cube). Next, it will most likely be time for lunch,
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and this will be a perfect opportunity to talk about food in
chapter 4.

We are moving along and taking Inventory of our Earthly

cocoon. This global approach takes a bit of time and patience

to uncover the bigger picture. Although we have access to the

library of the universe and can read all the books and watch
all the documentaries that cover this subject, we would rather
situate water in a broad overall picture in a visual representation that we can see and experience in 4-D, with smell and
other senses, right before our eyes, hence the “water cycle.”

The Water Cycle
Air, water, and food all circulate. Think of the water cycle
as a giant 24-hour café. Air, water, and food circulate to the

“diners”—plants, animals and man—for their survival. The
café metaphor is appropriate because most of us don’t really

know where our food, air, and water come from in our modern

society. They seem to be “created” and appear at our command,
unless you live in parts of the world where these basic neces-

sities are as rare as gold. As plants, animals, and man consume

these three necessities, they’re removed—not whisked away
by the café waitstaff, but instead transformed into CO2, dirty

water, and fecal matter.

Most of us like to ignore the end result of the consump-

tion. It is just not a pleasant thought—rather like dirty dishes

piled up in the café’s kitchen. It’s simply a step in the cycle,
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however. In the context of this chapter the dirty water is just
one part of the water cycle.

We find ourselves sitting at the counter at the 24-Hour

Water Cycle Café. Instead of an American-style diner or a

café in Paris, our restaurant looks like the entire Earth. We
are served water, coffee, hamburgers, and pie à la mode as well

as the air we breathe. Let’s consider that each fundamental

living necessity—air, water, and food—has a cycle that is fully

integrated with the other cycles. You can’t separate air and

water from food, food and water from air, or air and food
from water. In addition, each of these cycles has its own com-

ponents and processes. Think of it this way: our hamburger,
coffee, and pie all have their own elements—beef (which is fed
on grass), condiments, cheese, bread, beans, water, berries, and
crust (which all come from plants or grains). Yet air and water

are ingredients too. You need air and water to raise the beef,
wash and cook the hamburger, boil the coffee, grow the pie’s

ingredients, and wash the berries. Hot air is also needed in the

fields and the oven. All three are indispensable, interwoven,
and in many respects invisible when the cycles work and the
three individual cycles become one whole cycle. Science can
unravel all the stages of the cycle, but otherwise we don’t think
about it.

These support systems (air, water, food, breathing,

drinking, and eating) are so efficient that our time-hopping

tour guide and café waitstaff tip their hats to them. Of course,
the waitstaff is part of the three support systems, and they are
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well aware that those systems are replete with hundreds of
other processes.

“More iced tea?” one waitress asks us. As we sip the rich

iced beverage, we notice water freezing in a giant tray off to the

side. Water from the ice and the tea flows through our bodies,
working with hundreds of other life systems so we can breathe,
drink, eat, and continue to live. Our waitress waters the plants
that, as discussed in chapter 2, help provide the atmosphere

we breathe and some of the food for our plates. We see that
this café is part of the Cycle of Life restaurant chain, serving
up life continuity for thousands of years. Life continuity is an

amazingly complex array of highly coordinated, structured, and
organized systems that we learn each day.

Today, however, our focus is the Water Cycle Café and

the décor theme changes to display the following fascinating

images. This is fortunate because now that we’ve eaten and

are sipping our coffee, we’re wondering just what this water
cycle is all about.

A light rain begins to fall.

Different Processes in the Water Cycle
Rain transforms into snow in the precipitation event. Tonight’s

special: snow with a side of hail, fog drip, graupel, and sleet.
Fortunately, the canopy of plant foliage in the café intercepts

some of this precipitation (canopy interception) and allows

it to safely evaporate back to the atmosphere to be stored.
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Some of the snow on the realistic-looking mountain leaks
water runoff (snowmelt) that pours into our rivers, into the

soil for the plants, and even into our water glasses. Runoff is
the variety of ways by which water moves across the land. This

includes both surface runoff and channel runoff. As it flows,
the water may seep into the earthen floor of the café, evapo-

rate into the air (and air conditioning system), become stored
in the café lakes or reservoirs, or be extracted for agricultural

or other human uses such as cooking the café’s food. Galacti
spotlights the glaciers and ice caps on the mountains. Two to

three percent of the water in our Earth bistro remains frozen

in those ice caps and glaciers. There is no runoff. Antarctica,
which is highlighted in the décor, holds as much water as the
Atlantic Ocean.

However, we concentrate on the process because the

flowing water attracts our attention as it seeps into the earthen
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floor of the café in a process called infiltration, the flow of
water from the ground surface into the ground. Inside the café

floor, soil moisture and groundwater levels increase. These are

perfect conditions to grow food for today’s special and trees

for oxygen. We need reserve water. Enter the subsurface flow,
the flow of water underground. Imagine underground aquifer

water pipes circulating water to the kitchen. Subsurface water

bursts through the floor surface as a running spring and also,
the chefs in the kitchen pump the water when they need to in

order to supply the demand for water. Some of the subsurface

water seeps into our minioceans, which now appear to us in
the café as giant aquariums. However, water returns to the

land surface at lower elevation than where it infiltrated due to
the force of gravity and gravity-induced pressure. Groundwater tends to move slowly and is replenished slowly, so it can

remain in aquifers for thousands of years. Our Water Cycle
Café is open 24/7 throughout the centuries.

It’s getting a little damp and misty in here. Steam rises

and disappears from our coffee cups, a vivid example of our

next concept. Evaporation is the transformation of water from
liquid to gas phases as it moves from the ground or bodies of

water (even cups!) into the overlying atmosphere. The source

of energy for evaporation in our global Water Cycle Café is
primarily solar radiation, because the sun beams in through a
giant skylight.

The head chef comes in to rhapsodize about the finer

techniques of the water cycle as if it is a gourmet dish. “Look
at these plants,” he says. “There’s delicious water evaporating
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from them. It’s a little-known ingredient preferred by gourmets,
but in my preparation of the water cycle I like to use sublima-

tion. I specialize in changing ice—or snow water, which adds
a little extra chill—to water vapor. It’s exquisite, like making
the perfect wine or, if you prefer beer, brewing a pint. Some

of this water moves through the atmosphere in solid (snow),
liquid, or vapor states (advection). Think of snow moving

across water to cover the land so we can all drink hot chocolate and enjoy my Christmas recipes. Think of rain or water
droplets blowing off the ocean. Delicious. That sea salt air is

so damp and perfect. And then you have condensation—not as

in condensed milk, but as in the water vapor from the ocean

and from my boiling pot turning into clouds and fog. Cupfuls
of that water vapor are still in the plants and soil. Thanks to

transpiration, that water vapor is in the air. It is the garnish.
Bon appétit!”

Called out for an encore, our chef raves on about water.

It is so versatile and you can use it in anything as a flavor
enhancer.

Vital Water
Our chef is not alone in his admiration of water. It is the only

substance that goes through the three states of solid, liquid,
and gas in a human-supportable range on the Celsius thermometer. This is a range that zips between two extremes: zero

and one hundred, freezing and boiling. The evaporation of

our planet’s water being absorbed by the ambient air—both
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in our coffee and above the clouds—is the ascending aspect of

the water cycle, just as dew, fog, rain, and many other meteorological phenomena are the descending part of it. The water
goes through several different states between the ascension
and descending phases.

Take the ice in those huge trays that provide the ice for

our iced tea or the glaciers above us. Frozen, water becomes

lighter and floats, as in our drink or in a snowflake. Its molecules expand and it takes up more space, as opposed to corn

syrup. If the icebergs in part of our vast restaurant aquarium

were made of, say, frozen corn syrup, the polar bears, penguins,
and seals populating that section would have no land ice to

live on, as it would all sink under them. Or what if the 10,000

to 50,000 icebergs the Arctic produces in a year were made
of milk: good to drink, but denser than freshwater. There’s a
reason we have liquid water and frozen water.

We take water for granted despite the exhortation to drink

eight glasses per day. Without thinking about it, and despite

the fashionable bottled water we’re ordering and drinking, we
accept that it is the vehicle for all of life’s processes: transporting, nourishing, and cleansing.

More than any other substance, water is essential for life

and health. Both ocean water and freshwater contain trace

nutrients we need, such as magnesium, potassium, zinc, manganese, and more, as we’ll see later on. Water dissolves more

compounds than any other fluid. We find the majority of salts,
such as common table salt and its companion, rock salt, in the

oceans. The most common element in freshwater is calcium
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carbonate, which forms that chalky white deposit on sinks
and tableware. It’s the cause of hard water, but it also helps

strengthen our bones. Various other minerals like iron, which

combats anaemia, and magnesium, which helps ease stress, are
found and consumed in mineral water that is positive for our
health.

This does not apply to living, organic things such as the

everyday organic molecules in a pot of pasta or the tomato

sauce cooking in the café kitchen. This is why water trans-

ports insoluble nutrients, such as simple carbohydrates from

the pasta, throughout the body and into living cells through
the semipermeable walls of our organs.

Water does double duty in the veins by cycling and cir-

culating nutrients (iron, for example, from the vegetables in

pasta sauce) throughout the body via the blood vessel network.
At a miniscule level, water is the waitperson delivering nutrients exactly where the body orders them. Critical elements

like calcium, magnesium, and sodium from our ocean and

groundwater are dissolved in the blood stream, giving blood

its salty taste. Blood carries oxygen and nutrients dissolved in
water to all parts of the body.

Just as importantly, water acts as the waste disposal system

by transporting CO2 and other biological waste from cells to

the filtering organs (lungs) for evacuation. It also removes

respiratory and digestive by-products such as carbon dioxide
and uric acid. In addition, both toxins and medicines that can

dissolve in the water cycle, such as liver medications, can be

moved through the circulatory system in a matter of moments.
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Some of our diners have just joined us from a sporting

event. Our champions perspire during their postworkout

cooldown. While they were performing their athletic feats,
their collective sweat glands were releasing enough water

and perspiration to make a deodorant company happy. The

evaporation of this sweat uses energy—our extra heat—thus
cooling us down. Our own water cycle involves many more
sets of processes.

We leave the café after paying our bills. You can’t put a

price on what we’ve consumed, but let’s just say $66 billion
as a dollar amount, since this is the estimated price of all the

bottled water sold worldwide in 2012. Even all of this water
pales in comparison to the cube we saw at the beginning of
this chapter.

Salty or Fresh
As we leave the café we stand on a brave new world. Terra

firma has been leveled out on the Pacific, Atlantic, and Indian
Ocean beds, but the saltwater sea rushes around us. We are in

a protected spot on dry land that is zero to thirty meters above

sea level. We ask our tour guide how deep the water is. Galacti
produces a giant measuring device and probes the depths. Our
surrounding water is some 3,000 meters deep. That’s well over

the height of a 1,000-story building. We contemplate the bulk
and depth of seawater in a new way. Some of the audience—
learned people or trivia buffs—recite facts to make sense of
the water.
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“Did you know that 90 percent of the world’s volcanic

activity occurs in the oceans? They are a source of the elements
we’ve been hearing about: sulphur and minerals.”

“How about the highest point in the ocean, 10,203 meters

(33,474 feet)? That’s Mauna Kea in Hawaii, while Everest
peaks at 8,840 meters (29,002 feet).”

A mouthful of seawater may contain millions of bacterial

cells, hundreds of thousands of phytoplankton, and tens of
thousands of zooplankton.

Antarctica has as much freshwater in its ice as the Atlantic

Ocean has salt water, and 10 percent of the Earth’s surface is
covered with ice. Once the ice in the oceans melts, however, it
mixes with the salty seawater.

Glaciers store about 75 percent of the world’s freshwa-

ter. They build up with snowfall, which turns to ice. Runoff
comes in spring, just when water is needed most. The timing

is just right for planting and harvesting. Galacti adds his trivia.
“What do a human brain and a chicken have in common?” he
asks. “They are both composed of 75 percent water!”

Wherever we go and whatever we do, water plays a crucial

role in and around our lives.

Coastal Zones
Man has always sought out dwelling places close to water for

convenience and pleasure. Coastal zones include low-lying
areas of land next to the sea where land and sea activities
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interplay. They cover up to one hundred kilometers inland

and represent approximately 20 percent of the Earth’s surface,
where they are home and workplace to around three billion
people (40 percent of the world’s population). Seventy-five

percent of mega cities, a city with a population in excess of ten
million, have been built here on all the continents. This highly

concentrated zone of rich resources includes the continental
shelf with its lavish fishing reserves, extending to a depth of
200 meters. This is the meeting point of two of the three fun-

damental elements on Earth, one of which is stable (land),
and one of which is in perpetual motion (water). When the

third agitates (air), coastal land needs to take cover. Its variety
of ecosystems—coral reefs, mangroves, salt marshes, and
outer islands—are not only protection for the mainland, but

also a huge resource of natural products and vast diversities of

flora and fauna. With the sun penetrating the shallow waters
and making photosynthesis possible, the coasts teem with
thousands of species of sea life living among each other. Coral
polyps develop reefs by deposing calcium carbonate over
scores and even hundreds of years. Galacti flashes up extraor-

dinary images of coral reef habitats providing sustenance and
shelter for multicolored, exotic, and vibrant sea creatures.

Personally, overlooking the sea with the waves lapping

against the shore is my favorite getaway for thinking and
writing. Djerba and Hammamet in Tunisia, San Remo in

Italy, Netanya in Israel, Hyeres in France, Surf City in the
United States, and Hong Kong and Haikou in China, have
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been participants in this adventure, as well as their views over
the Mediterranean Sea, the Atlantic Ocean, and the China
Sea all the way to the horizon (often with stunning sunrises

and sunsets). I try to get away during the off-season, when

you can walk along deserted beaches, wade barefoot in the

incoming waves, and inhale the iodized air. The seaside is a
refresher for the body and the mind.

Massive and Majestic
Galacti puts it simply: “The sea is vastness, power, and magnificence.” Mount Everest and the Himalayas seem like

pinpoints floating in the grandeur. They are dwarfed by the
Gakkel Ridge, which boastfully rises from the floor of the

Arctic Ocean and stretches to a great length of 1,800 kilome-

ters (1,100 miles)—four times longer than the Andes, Rockies,
and Himalayas combined. Unlike Mount Everest, the ocean is

not fully explored: humans have mapped less than 10 percent
of the ocean.

As we take stock of our planet, realize that everything in

the Ocean is majestic, from the massive Mid-Atlantic Ridge

(the longest in the world at over 40 thousand kilometers, the
circumference of the Earth) to the highest tides in the world
in the Bay of Fundy (about fifteen meters, the height of a five-

story building). This bay is Canada’s candidate for one of the

seven wonders of the natural world. It is a body of water that
separates Nova Scotia from New Brunswick. These are features
that our audience sees like holographic projections on water.
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Coral reefs, a support system for 90 percent of marine

organisms, glimmer in the water, asserting themselves as the

largest living organism on Earth and visible from space. We

barely have time to examine—via the world’s most sensitive
microscope, which Galacti has provided—the minutest phytoplankton that grow on the underside of an iceberg floating

conveniently within our reach. It would be something to touch

these phytoplankton because they represent the beginning of

the oceanic food chain, which extends all the way up to the

blue whale that swims just below us. Its length is an impressive
twenty-three meters (seventy-five feet). Its heart is literally the
size of an elephant.

The audience recognizes that we’re barely aware of the

secrets of the ocean, even though 90 percent of the Southern
Hemisphere is ocean water. The top three meters of the world’s

oceans contain more heat than the entire atmosphere. Like our
blood, the ocean gets its salinity from elements: that smorgasbord of over sixty of the ninety-two known elements we

find on Earth, from boron to titanium. It contains the heavy
elements we spoke about in chapter 2, including an estimated

twenty million tons of gold. That’s about three kilos of gold for
each person on Earth.

The ocean can’t be measured in gold, however. This vast,

deep body of water provides climate regulation, oxygen regen-

eration, and the most protein for humans around the world.
Over half the world’s population (some 3.5 billion people)

depends on the ocean as their primary source of food. As our
questioners have observed, the wonder of the oceans extends
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beyond its food supply. Their water teems with 250,000

named species, and scientists estimate there could actually be
two million. New species come to light as minisubmarines
plow the depths of the Marianas Trench, which makes the
Grand Canyon look like a dollhouse. We get to view these

minisubmarines at work through a “sea-cam” that shows the

progress of the sea mapping. The submarines’ specialized
sensors show us a colorful watercolor painting representing

some of the forces in play in the “sea-cycle” that the submarine encounters.

Heat, Oxygen, and Food
Notice the diagram below where the light gray horizontal
area represents the top 150 meters of ocean water. It’s the zone

where light penetrates the water promoting photosynthesis,
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and the production of oxygen (appropriately green or blue
algae blooms are responsible for this). However, this process
tapers off rapidly and oxygen levels drop considerably. The

fish in the ocean, which are similar to the ones we ate in
the café (some of us, anyway) as well as the water, air, and

food are interactive processes continually in motion. Yet they

change with depth as oxygen and temperature levels drop

off. We descend to about 800 meters as if we’re in a 4-D

movie: seeing the ocean, but not feeling the pressure at the
deepest point (11,318 tons per square meter). This would be
the equivalent of one person in our touring party supporting
the weight of fifty jumbo jets. Neither do we feel the lack of

oxygen while the carbon dioxide level is at its maximum. On
this 4-D ride, we are like the scientists discovering deep-

water creatures and roaming the seamounts as well as the

crevices and underwater magma-spewing vents. In doing so,
we encounter all manner of odd-looking fish sporting new

“fish styles,” such as the frightening-looking but harmless

deep sea dragonfish. Odder still are the creatures discovered

in the Juan de Fuca Ridge off the coast of Washington state,
near those underwater hydrothermal vents. These magmaspewing vents provide hydrogen sulphide as the basis of the

food chain: chemical exchanges help sustain the microbes,
fish, and other creatures that live near them rather than the
usual sources of life (nutrients and oxygen). A hermaphroditic fish equipped with both male and female organs swims
by. This fish can change sex when mating, and can even
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reproduce by fertilizing itself in order to expand its deep-sea
vent community.

Food is the next focus of our wanderings as we follow the

lines on our diagram (the backdrop to our deep-sea dive) to
trace all the nutrients in the different oceans: black lines for

the Atlantic, gray for the Pacific, and off-white for the Indian.
Scarce at and near the surface, phosphate and nitrate are
abundant below. They are surprising in their availability. The

Pacific and Indian Oceans in the Southern Hemisphere have
a more abundant food supply, since the waters are warmer on

the surface. Any nutrients present in that first three meters of

the ocean’s surface quickly become food for phytoplankton,
while the colder depths retain an abundance of nutrients. The
Atlantic Ocean is colder in general and retains the nutrients in

a kind of “deep freeze” until the upwelling of the Gulf Stream
(a current originating south of Florida that is 300 times faster

than the Amazon river) carries warmth to the nippy Atlantic,
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whereupon a cornucopia of foodstuffs becomes available.
Air, water, and food intermingle in yet another cycle and a
welcome wonder of the world.

As the waters rise and a sudden wave swell crashes against

our dry land shelter, we’re directed back to the Water Cycle
Café in case anyone wants to partake of the Water Cycle’s

homemade food and beverages. I don’t know about you, but
I could use a cold drink while I contemplate the 360-degree
view of this immense, transporting, nourishing, and cleansing

necessity of man; this sustainer, and, at times, snuffer of life;
this unrestrained, dauntless mass of water that reminds us of
our fragility.

Where did the 1,386,000,000 cubic kilometers of water

in the oceans and the 24,064,000 cubic kilometers of freshwater stored in the ice caps and glaciers come from? The answer

is embarrassing: we don’t really know. If we poll our fellow
travelers, some say it came from the Earth itself—from the
meeting of atmospheric hydrogen and oxygen. Others speak

of a shower of meteorites carrying the water into our cocoon,
but we really don’t know. The mystery remains tantalizing.
Why does the surface of a planet called Earth consist of

71 percent water, like some alien world? In fact, the “alien”
planets, Mercury, Jupiter, and Venus (from which Galacti

still has the “brochures”), are vastly different from our watercovered Earth. To our knowledge, nothing else comes even
remotely close to this planet in the entire universe. The ice

found on Mars pales in comparison. Imagine the unimaginable: planet water.
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Instead of our expected visit to the café, we take a

sudden detour. We zip across the water as if we were in an
Airbus A380, et voilà: we’re standing on springy moss, with

six-hundred-year-old trees overhead and dirt paths winding
their way through.

“Welcome to land,” we hear from within the primeval

forest.
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he dirt shifts under our feet as we walk through the forest,
where Galacti has conducted us. However, Galacti doesn’t

mean for us to linger here for long. He promises that we will
return once we have explored the flora on Earth. “Come on
then, there’s more to see,” he shouts.

We hike, following our trusted tour guide. It’s a breath-

taking trek out of the woods and into a dirt field. Is this the

next piece in our universal jigsaw puzzle? What does pure dirt

have to do with the cosmic tableau? It is, after all, dirt: It is
loose, with tiny grains and pebbles. It’s in our gardens, includ-

ing rooftop container gardens if we live in the city. Dirt, we
think, is everywhere. It is nothing extraordinary, unless you
are a child.

Despite our questioning minds, this field of dirt is

strangely mesmerizing. We have the urge to take off our shoes

and stick our feet in the dirt as we contemplate a few more
pieces of the cosmic mosaic.

Why is Earth, to our knowledge, the only planet with soil

we can actually dig our hands and feet into?

How is it that Earth can produce such a wide variety of

foodstuffs? In fact, agriculture is responsible for close to 40
percent of all employment worldwide.
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Why are there so many uninhabitable planets with “land”

that won’t support us?

Galacti pulls up the card catalog of the universe in digital

format and shows us the many books (some of which are men-

tioned in the bibliography and on our website) that have been
written about these and hundreds of other similar questions.

As your other host, I pause to add that you can also submit

articles and references to documents about these wonders of
the world—these systems and paradoxes that should make
us stop, at least for a second or two and raise our minds to
another dimension at http://www.TheExplanation.com.

“They’re already following our adventures, Sam,” Galacti

says.

“I know. But the goal of our story is to immerse all of you

into the grandioseness of these inanimate marvels,” I say as I

turn to the travelers. “It’s a prologue and preparation for The

Explanation of what we’re doing on Earth. We humans are

not isolated. We’re on a planet that is part of a solar system
that is part of a galaxy that is part of the universe.”

The travelers and Galacti are considering this and reflect-

ing on where we are in the universe. We can’t understand what

we’re up to if we don’t grasp who we are and where we fit
in the jigsaw puzzle, or as one of our fellow travelers puts
it, “Who am I? Who are we? How did we get here? What’s

our purpose? What are we accomplishing here? Where is this

stage of ‘man on Earth’ heading? Is it just ‘a stage?’ Is that all
there is, if anything? What’s the point?”

“For the moment, just enjoy the soil,” Galacti says. “Perfect
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growing conditions. It’s tailor-made. And I can honestly say that

I haven’t found any cocoon while traveling in all the vastness of
the universe that approximates even 0.000001 percent of the

physical marvels you have on Earth that sustain your lives. I’m
sure there is going to be an Explanation for this.”

“For now, Galacti is right. Let’s dig in the dirt,” I say, and

then I step out of the way in time to avoid a spacecraft-like
drill that skillfully penetrates the soil of the Earth’s crust.

Land: Supporting Life
Earth is often compared to an apple, with the thinness of

the skin representing the volume of Earth’s surface crust.
However, as the drill burrows into the “apple,” we can also
compare the crust to the skin that forms on boiled milk as

it cools down, even though the layers of dirt are dark. This
is because below Earth’s stable but skin-thin crust, which

has a thickness of approximately five to seventy kilometers,
is the mantle. The mantle is 3,000 kilometers thick. It is a

hot, viscous amalgam of rock that surrounds a boiling outer

liquid core, like liquid “milk” lava, 2,000 kilometers thick,
with a temperature of 3,000 degrees Celsius. Finally there’s
the solid inner core composed of nickel and iron, like a

2,500-kilometer diameter peach pit heated to 6,000 degrees
Celsius suspended in the liquid inner core.

Galacti sticks his hand into the Earth’s slim skin surface

as we consider the colossally hot core of 6,000 degrees Celsius

as well as the sun with its core temperature of fifteen million
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degrees Celsius. When traveling at the speed of light, the sun

is just eight minutes away. Galacti announces that the Earth’s

slim skin membrane remains at a steady 15 degrees Celsius.
Unlike the Earth’s core, its “skin” supports life in the form of

plants, animals, and the soil bacteria Galacti examines under a

powerful microscope. The soles of our bare feet on the Earth

make us realize that this temperature is just right for water to

flow, worms to squirm, animals to burrow, seeds to germinate,

roots to absorb, and for man’s agricultural and other activities.
With all the interplanetary orbiting and the solar, stellar, and

seasonal activity, average land temperatures vary very little

and have been in a range that have supported life for millions
of years.

The dirt we’re standing in is not just for our current

explorations. Land has numerous purposes. Listen to passen-

gers clap when their plane touches down after a flight. They

appreciate terra firma. We speak of being “grounded” and

“down to Earth,” that is, reliable and mature. Our daily lives
involve Earth when we work, sleep, eat, and play. Whether
we’re manufacturing or providing a service, sleeping in our

bedrooms, camping in a yurt, cooking dinner at home, feasting
out, bowling, sailing, or studying, all our activities are directly
related to the Earth.

Our digital library of the universe shows us an image of

various areas on the planet. We can see that although about

one-fourth of Earth’s surface is land, only about one-tenth of

this land area can be used for arable and grazing purposes. One

of our travelers picks an apple from the forest to demonstrate
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the nature of land. She cuts the apple in half and one piece

in half again. Three-fourths of the apple represents Earth’s

water, while one-fourth represents the land. Divide the land-

apple in three parts. The first corresponds to nonarable land
areas—deserts, swamps, and cities—and the second designates the forests. Cut the third piece in four. Three of those

pieces represent pastures and meadows. The final sliver represents arable land for annual crops and permanent orchards

(some fourteen million square kilometers). That’s about the

area of Canada, Alaska, and Mexico combined, and that’s the
land available to grow all of mankind’s foodstuffs.

As the traveler shares the apple with a few people who are

still hungry, she notes that one of the similarly sized slivers

represents the entirety of the land habitable by the world population. It’s literally food for thought.

Let’s Play with Earth
In our land/apple analogy above, we “discarded” a good part of
the land because it is mountainous, snowy, occupied by urban

areas, or inhospitable like the land located in the vicinity of
the cold poles and hot deserts. Yes, there’s much less agriculture going on there, but these so-called “discarded” areas

have other valid purposes. They are vast playgrounds for man.
They can be areas of both great hardship and immensurate

pleasure. Places of contemplation, of beauty, of discovery, and

of sporting ecstasy are always learning opportunities, since all
the natural formations on Earth never cease to amaze us.
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Galacti’s Sidebar
I can travel through time and explore a wide range of journeys humans
can’t, but man’s life activities seem to revolve around four themes:
working, eating, sleeping, and playing.
‘Playing’ or playful behavior in humans encompasses a range of what Sam
and our audience experts call “socio-intellectual” activities: reproduction,
family, friends, study, reading, personal development, entertainment: this,
along with the other three themes, is a resume of our lives. It seems like
a short list.
Is that all there is to human life? Wait and see. I could learn something
too! Let’s delve deeper.

We overlook the orange glow from a lava lake as we

gather at an observation point high above the Halema’uma’u
Crater in the Kilauea volcano, which is located on the Big

Island of Hawaii. Galacti consults with a ranger at the Hawaii
Volcanoes National Park and tells us that the plume of gas

and steam reaching from the crater up to the sky is coming
from a volatile 500-foot-wide vent. Many of us have read that

the Kilauea volcano, which attracts travelers from around the
globe, is the world’s most active volcano.

Thanks to a special telescope Galacti provides, we can see

the orange light from the lava lake inside the crater, but we

cannot get closer—not yet. Even with Galacti as our guide,
we dare not go anywhere in the lava fields without protec-

tive clothes. We all find a private place to change into heavy
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boots, jeans, long-sleeved shirts, heat-reflective jackets, heatreflective gloves, helmets, and gas masks.

Now that we are prepared and equipped like geologists,

Galacti takes us to the other active region of the volcano, the
rift zone along the Pu’uO’o vent. We study and watch in awe

as the fountain of lava flows from this eastern lava tube, even
as we’re mindful of volcanic gases with high sulphur content
blowing our way.

“A volcano is the perfect place to visit to show you the

process of land being formed,” Galacti explains. “We can

visit other places, such as the Kalahari Desert, the African
savannah, the tundra in Siberia, the chaparrals in Mexico

and the American Southwest, boreal forests, and grasslands.
However, here in tropical Hawaii, in the thick of a tropical

rainforest, we can actually see basalt lava hardening into land.

As we watch, the slow lava flow hardens into fresh a’a,

one of two types of lava in the islands. A’a is jagged, uneven,
and sharp, while pahoehoe is generally wavy, smooth, and

flat—almost sculpted. When pahoehoe flows into the ocean,
it quickly cools into black glass, shatters, and accumulates at

the edge of the “submarine slope” along the coastline. Other
lava flows settle on the foundation provided by these uneven
fragments, and a new unstable lava delta is formed.

One of our trekkers sifts through black volcanic soil and

collects a sample. Galacti produces a snack of yellow mangoes

from the farmers market in the town of Volcano. As we bite
into the mangoes, we’re tasting the benefits of the nutrients
in the crumbly, fine volcanic soil. Hawaiian lava is produced
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when heat wells up from Earth’s core and melts crystals from

the lower mantle and crust. The lava contains nitrogen, iron,
magnesium, phosphorous, and of course sulphur (which we’re
avoiding breathing). As the group remembers, nitrogen is
essential for plants, including the mangoes we’re enjoying.

Returning to the crater overlook, we view digital images of

other volcanoes worldwide: Indonesia’s Mount Merapi (which

we can hike), Mt. Kilimanjaro in Africa, Stromboli in Italy, and
Uturuncu in Bolivia. We’re aware that we’re fortunate to be
at Kilauea, which is considered the “drive-up” volcano of the

world due to its relative safety and ease of access. This volcanic

zone is one of five on the island, although several are dormant.
One of our travelers points out that this island has eleven of the
world’s thirteen climate zones as well as different landforms.

“It doesn’t have the African savannah,” Galacti notes as

we view picture postcards from the universe showing the

different biomes, or ecosystems. A lot of these correspond

to the inhospitable, variegated, and often spectacular parts
of the “land apple” where arable land is not the norm. We’re

witnessing the space, atmospheric, and water processes from

the last three chapters combining with the land processes to
give Earth its extremes and everything in between—from

the bitter cold at the poles to the ardent heat at the equator.
Extremes, yes, but very mild compared to interstellar bodies
and fully within man’s capacity to live on and visit, even for a

very short time, whether it be the world-record-setting sweltering furnace of Death Valley in the United States (measured

at 56.7 degrees Celsius) or the biting iciness of Antarctica
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at −89.2 degrees Celsius. As we go about our daily business

without giving it much of a thought, land is indeed the ideal
habitat for mankind.

Our first postcard reads “Hot in the Desert.” Desert

biomes worldwide are formed when wind belts or cold
currents rob the area of rain. Our postcard shows that the
Western Desert basins in Egypt were formed by wind and are

now dry. They do support plant life, however, including water-

storing plants. Erosion exposes valuable mineral deposits and
abundant nutrients. In addition, erosion and winds make arch
formations. Valleys such as Badwater in Death Valley form

the lowest points on continents. Plants such as cacti, sagebrush, and other endemic flora survive here. Desert animals

are varied and abundant. Galacti has a sample of gypsum-rich
desert sand from the Vizcaino Desert in the Baja Peninsula as

well as a sample of ice from Antarctica. This may be puzzling,
but icy Antarctica is a desert because it receives less than 254
millimeters (ten inches) of water annually.

A second postcard reads: “Greetings from the Yukon.”

Boreal forests or taiga found in North America and Eurasia
are characterized by numerous animal species and coniferous

plants, such as fir and pine. Snowy mountains and visions of
Christmas trees come from this area. Most flora and fauna

in the boreal forest can withstand the worst cold of winter.
Nutrients have been leached from the sandy podzol soils

(podzol is Russian for “ash”) by water runoff from snows, so

the plants that survive, such as black spruce and needleleaf
trees, are hardy.
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Another postcard. This time we can actually smell the

scene in a 4-D sort of way. It has a chamomile-like smell. The

cheery postcard depicts a mountain sheep atop snowy Alpine

mountains and bears the slogan “Alp Slovenia.” The alpine

and tundra biomes (mountains worldwide) are found in the

coldest regions of the world and have few flowering plants,
although there are 1,700 kinds found in the Arctic type of
tundra. Inside the alpine tundra soil, where the drainage

process works well, there are plenty of nutrients from dead
lichens and plants. Bogs provide moisture for plants in the
Arctic tundra, but the soil is nutrient-poor. The ever-present

nitrogen helps the plant cycle, however. Permafrost covers
dark-colored humus in parts of Alaska. The chamomile smell
comes from a plant named sea mayweed.

Fresh grass scents waft from the next postcard, which jux-

taposes an image of horses grazing in an American grassland

with a photo of a cheetah sitting in tall savannah grasses. The

“grassland/savannah forest” biome, which is found in Africa,
Hungary, the North American plains, the Pampas in South

America, and the Russian steppes, features rich, organic soils

with good drainage. Seasonal droughts and fires aid biodiversity by controlling the insect population, for example. Decom-

posing organic matter provides nutrients for prairie grasses,
which have deep roots. A variety of animals, from lions and

antelopes to grouses and jackrabbits, exist in the grasslands
and savannah forests. Here’s a Galacti fun fact: Grazing elephants can naturally clear a forest and produce savannahs.

A vintage postcard of a mountain in the American
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Southwest bears the title “Desert Chaparral.” The chaparral biome is familiar to viewers of cowboy movies, although

it’s also found in the coastal Mediterranean. Our audience is

interested to see the scrub oak, poison oak, and yucca that

grow in chaparral regions as well as the various animals in
Australia and the Caspian Sea. Unusual creatures such as

jerboas and sand marmots live there and are able to survive
in a region with coarse soils. We can smell pinyon pines and
Mediterranean sage.

The next postcard combines two biomes: marine and

tropical. The tropical biome is found in Central and South
America, Hawaii, Southeast Asia, Madagascar, West India, and

Australia. The scents of coconut palms, pungent red ginger,
orchids, and salt water emanate from the card. The print reads

“Maldives Tropics.” Tropical biomes in the Indian Ocean, for

example, are sometimes located on coral islands such as the
Maldives. Many of the forested islands are covered in sandy
soil, and some of that soil comes from yellow coral sand. The

tropical rainforest of Brazil draws our attention as well, since
Galacti has produced another postcard depicting the floor of

an Amazon rainforest. When looking at the yellow soil of the
Amazon and the red or dark soils in which Thailand’s rainforest

grows, we’re reminded of how well rainforest trees can grow in

thin soils thanks to the plant matter that provides nutrients to

thin tree roots in the soil, which is moistened by annual average
rainfall of 2,000 millimeters, or 80 inches.

These postcards are more than just vacation souvenirs that

we buy and send. Instead, they are reminders to look at the
93

INVENTORY OF THE UNIVERSE

land differently. Each land type sustains different varieties of

life, plants, animals and insects, depending on soil and climate.
We muse on the fact that, whatever the season, geographical
location, or altitude, all land areas are sublime and accessible for

the staggering variety of man’s activities and lifestyles because
of our location in space and our atmospheric cocoon.

Let’s Work with Earth: All Professions
Life isn’t all play. Most if not all adults work in one form or
another during their lifetimes, and their activity and employ-

ment revolve around and include, directly or indirectly, “earthly
matter.”

We need basic mineral resources and elements to produce

the material things around us. Again, we’re talking basic needs.
Our spacecraft drill comes in handy once again as it moves

to an outcropping of solid rock. It looks like some mountain
areas in Afghanistan.

On land, we depend on mineral resources that allow us

to house our families in buildings fabricated from mud, tin,
brick, concrete, and grass. Our drill unearths tin in order to

create a roof for a farmhouse. Other mineral resources provide

heat for our homes and our food in the form of coal, wood,
gas, electricity, and uranium, the last of which is transformed
into electric energy in nuclear power plants.

Everyday objects such as aluminium cooking vessels, clay or

porcelain eating vessels, iron farming tools, and glass or plastic

decorations come from the land. Other examples include steel
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knives, iron fishhooks, silicon and carbon computer chips,
semiprecious jasper, and malachite jewelry stones, gold coins,
alloys of steel, iron, copper, and other metals. These form the

support networks for suspension bridges and skyscrapers as
well as ocean-going vessels and many other vehicles.

Galacti draws a periodic table with ninety-two elements

in order to refresh everyone’s memory about the chemistry

classes they’ve taken. We don’t quiz everyone on the specific
properties of each element or which ones we use to create

toasters, for example (iron, nickel, and copper play a role). Nor
do we detail how research and manufacturing mix and match
the periodic table elements from chromium to magnesium

to make all different types of compounds. Another of our
audience has just gone off duty as a police officer, replete with

a protective Kevlar vest. Sulfur, hydrogen, chlorine, calcium,
and sodium create this lifesaving material that can also be
used to make canoes, brakes, and even musical instruments.

All the elements that we know of in the Earth’s crust and

mantle, whether on dry land or under seabeds worldwide, are

the basis of every single object of work and play. Look at a list
of categories of industries, objects, and items in the Yellow

Pages or on eBay. They’ve become so common and abundant
to us that we don’t even stop to think of their origin or the pro-

cesses they undergo in relation to other elements that bring
them from the Earth to our hands. Even those that work with

people, such as counselors, teachers, and health support, work

with the basic elements of Earth because that’s exactly what
you and I, their clients, are composed of.
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One of the reasons we’re taking Inventory of the Universe

in this first book of The Explanation is to see just how “down

to earth” life really is—to become aware of Earth and its
implications.

“You see, everything humans are and use on a daily basis

comes from the land underfoot,” Galacti says. “Earth provides

and sustains our well-being, even our food,” he says, grinning.
“Is anybody hungry?”

Let’s Eat from the Earth: Trace Minerals
Farmer Galacti, wearing work gear and boots, thinks he’d like

to sow seeds in the piece of arable land we’re on. After all,
humans living on the adjacent rocky land, which has become
an urban sprawl, would appreciate the crops. We depend on

harvested food supplies for survival, so human habitations are

often juxtaposed with their sustenance supply lines. We could
plant wheat here, and it would take four to six months to grow

(depending on soil temperature and whether it’s a spring or
winter crop), but future generations living in the rocky land

next door would appreciate having a direct line to food crops.
That’s why land is devoted to vital global crops, including

wheat, rice, corn, and soybeans as well as hundreds of others

in an endeavor to supply adequate foodstuffs. For example,
rice fields in Southeast Asia are located near water to irrigate
the crops and grow this staple of the Asian diet.

“We talked about trace minerals in the sea,” the police

officer says. “I read that they’re in the food we eat.”
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Galacti offers cans (also made of elements from the Earth)

containing a fruit and vegetable juice blend. It’s healthy, of
course. It’s made of mixed vegetables and fruits. “This is for
later,” he says, “but for now I want you to look at the food

label; the ingredient list. While you do, think about this: the
fertile ground under your feet contains trace elements your
body needs, such as boron, copper, and zinc.”

We read the ingredient list and notice that there is a space

to detail all the minerals in the juice: calcium, iron, phosphorus, magnesium, zinc, manganese, and potassium.

While we drink the juice, a nutritionist in the group

remarks that all these minerals exist in infinitesimal amounts,
but they are abundant in soil, and can be absorbed by plants

that provide sources of food. Today we know that these

minerals are vital to human health. For example, potassium
helps control blood pressure, while zinc boosts the immune

system and can treat ear infections. Minerals are only a fraction
of our total body weight, if that, but they prevent disease and

deficiencies of them lead to serious conditions. For example,
one of our group members, a grandmother, has osteoporosis.
She knows she needs to eat calcium, but she’s surprised to

learn that a boron deficiency may also make her bones fragile.
In fact, we know that our bodies include about sixty

natural elements, six of which (oxygen, carbon, hydrogen,
nitrogen, calcium, and phosphorus) make up 99 percent of our

weight, with another five (potassium, sulfur, sodium, chlorine,
and magnesium) representing a tiny 0.85 percent. The rest
are trace elements found in infinitesimal quantities, including
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radium, strontium, and uranium (considered radioactive) as

well as mercury, lead, and arsenic (considered poisonous) and
even gold, among others.

“You humans are not the only ones that need nutrients

from the land,” Galacti says, turning over a layer of soil and
revealing several wriggling, squiggling earthworms.

Earthworms: Natural Fertilization
Everyone takes a moment to contemplate the earthworms. At
the best of times, they barely seem worth noticing, and yet our
travelers recognize that worms are good for the soil.
But how good are they?

Worms feed on decomposing greenery, which contains a

wide variety of trace elements and minerals. During digestion,
an earthworm is equipped both chemically and physically to
produce a natural fertilizer that conditions the topsoil for the

best root growth. Burrowing worms condition the Earth for
correct proportions of water and all the elements required
from the Earth to be absorbed by roots for optimum plant
nutrition, and subsequently animal and human health.

Although earthworms may not have ears or eyes, and

are simple creatures that breathe through their skin, science

acknowledges them as invaluable for working the land.
Galacti is our premier worm expert. “Imagine if you give them

an acre of land, like this field, and plenty of organic matter
like dying plants or compost.” Galacti pauses and orders in a

steam shovel. It scoops away the topsoil, revealing countless
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earthworms burrowing in the next layer as dead leaves slowly

disappear into their stomachs. The body of the earthworm is,
in essence, one elongated stomach.

The earthworms shy away—they can sense light and

they’ll avoid it. Our travelers put up a canopy that shades the
field from the sun.

“When conditions are ideal with the right amount of

moisture, like they are here, there can be up to 4,400,000

earthworms per hectare (2.5 acres). These worms will bring
about twelve metric tons (about 12 tons) of fertile material to
the surface in a year,” Galacti finishes. “They’re called mega-

driles, which sounds like ‘mega-drills’ but actually means ‘big
worms.’ They are just like the mechanical drill.”

The worms in the field burrow through the soil, leaving

behind balls of dirt called casts. One of our travelers, who

knows something about farms, says these casts contain higher

levels of nitrogen, phosphorous, and potassium than the surrounding soil. These trace elements, says our farm-friendly

traveler, are the products of digested organic matter and more

trace elements brought up from deeper levels. The casts help

neutralize the acidity or alkalinity of soils to grow plants,
which is why farmers like to use worm casts as a fertilizer and
soil conditioner.

Galacti interviews one worm specimen that happens to be

burrowing next to a root and excreting castings there. After

consulting his worm translator device, Galacti says “The worm

has just eaten nutrients found in the deeper soil, or subsoil.
However, he’s also excreted what he doesn’t want. To him, the
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dirt is ideal for his needs because the plants usually take all the
nutrients from the humus, so he has to tunnel deeper to find
nutrient-rich soil.”

What the worm doesn’t know is that every time he

consumes soil, he excretes nutrients and enzymes in the

castings. These enzymes and nutrients make their way to the
root of whichever plant is growing in the field in order to feed

the plant, assist its growth, and ultimately become absorbed
into our bodies when we eat it. Grazing animals also benefit

from this process because they absorb nutrients. Remember,
the sixty elements we’re composed of come from the plants we
eat or the animals that are part of the food chain.

“Nutrients aren’t the only thing earthworms produce,”

Galacti says. “Look at them tunneling to different depths.
They’re mixing different types of soil so that there are more

nutrients. Also, if you water this field the way I’m doing, the

worms will aerate the soil so that the dirt filters and absorbs
the water. Otherwise, this would all be mud and the minerals

would be leached away. Instead, it’s draining and the plants

are absorbing a quantity of it. The worms are like nature’s
irrigation system and soil doctors rolled into one.”

We have an agricultural researcher in the group to confirm

this. When asked why she has been silent, the researcher says
she is just enjoying contemplating the land, and points out
that this food-producing landform is much different from

the postcard “play ecosystems” we visited, but it is an impor-

tant landform nonetheless. We’ve stayed quite a while giving
respect to one of Earth’s most underappreciated creatures, but
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the earthworm wouldn’t exist without the ideal conditions
provided by the land, and indeed, vice versa. It’s another one
of those “which came first?” conundrums.

We take down the canopy and the steam shovel replaces

the topsoil. The tools remain in case we need them again, but
for now we are off on our next discovery.

Arable Land
From a human perspective, arable land is the most essen-

tial ecosystem. Along with oxygen from the atmosphere and
water from precipitation, food from arable land is vital for
man’s survival.

Farmland or agricultural land is used for growing

what sustains life. Its size is irrelevant and can be from a
small home plot to a multihectare industrial farm. Kitchen

gardens in the yard, on the roof, on a balcony, or beside high

rise apartment windows qualify. You can grow spring onions,
radishes, greens, or herbs like basil or mint. A lot is possible

depending on the arable space available. While we think
in terms of big farms, annual crops, and livestock, Galacti

reminds us that worldwide cultivation of the land is more

of a family activity with various community benefits. These

include much more interaction at local markets as well as

environmental benefits such as less transport, less storage,
and less waste. Other benefits include economic development and better health.

Arable land, from the small plots made available to
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retirees and families to the larger biological and environmen-

tally friendly farms, are welcoming back earthworms so that
one-tenth of the thin slice of the land-apple can support and
healthily feed the populous billions of this world.

Look at this arable field, this postcard biome. You see

an ear of corn, a blade of grass, flowering broccoli, needlelike asparagus, and leafy lettuce. All of this depends on the

sun’s rays from space, the oxygen and carbon dioxide cycle in
the atmosphere, the water from the rain cycle, and the topsoil
cycle from the land. They are the result of the universe and

the pillars of life support, with innumerable interconnected

sophisticated systems all working in harmony to give you the
yellow-orange tulip, the green sprout of wheat, or the majestic

oak tree. Imagine that and begin to think big. Think global

now that you’ve turned some of the jigsaw pieces right side up
and linked them together.

For now, Galacti notes, these puzzle pieces form a postcard

sent by the universe. After all the exciting “play and eat” postcards about various worldwide ecosystems, the final one bears
the caption “Planet Earth—Continue the Journey!”
It’s an invitation we can’t refuse.
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e’re standing in a field of barley next to another field of

green wheat crops and a third field of plain dirt on the

other side of the wheat. The order seems to be barley, wheat,
then fallow field. One of our travelers spots a rice field on the
left side of the barley field. Flowering shrubs and trees border
the perimeter of the croplands.

Galacti, the farmer, and his farm-wise assistant from the

traveling group survey the rice and wheat crops with pride.
These are just two of the 1.7 million species of plants classified by scientists.

Our adventure chronometers tell us that we have arrived

at the early April barley harvest. The barley, which was planted

in August, now ripens. It is an unusual winter/early spring

cereal crop. Now mature, the barley looks similar to the wheat,
but the wheat in the adjacent field is not yet ripened.

The term “Vernalization” in regard to plant seed means

the spring season, or the maturing and harvesting that follow a
dormant period, even through a freezing winter. This is essential for development of mature kernels in grains. There’s a fall

to spring growing season, where thawing can actually trigger

sprouting. This method is much less known than the chief
spring-to-autumn plant development cycle, which is shorter.
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We continue to catalog some of the extraordinary and

even contradictory elements of our surrounding environment.
We’re now into the “living elements,” starting with seeds that
contain an embryo of plant life. These seeds have enough
storage food for germination and first growth encased in a

protective outer coat. This seed can lie dormant for years, but

under the right conditions of heat and moisture it germinates.
Its roots push down to soak up water and nutrients and its

stem pushes up to bathe in light and energy. Welcome to the
world of flora. Let’s begin our exploration of life.

The barley crop draws our attention again. It looks humble

when planted in the soil we’ve explored, and yet it is necessary
for life. It is nutrient-rich and delicious as a cereal, and it is
also fascinating because of its natural design.

We harvest the ripened barley with scythes. Galacti digs

around in the dirt, burrowing eight to ten inches to expose the
barley’s root system: a wandering mass extending deep into

the earth and sucking nutrients and moisture from the soil.
Through x-ray glasses, we see inside the unharvested barley
as nutrients and water defy gravity. They make their way up
the barley stalk to the hard-shelled kernels and the nutrition
filled barley leaves.

How can this be, we wonder. Even our farm expert has

no Explanation for it. In fact, it never crossed his mind, even
during high school biology when he learned about plant
tissue. We know roughly how it works, but we don’t know why
it works. Why do water and nutrients travel upward when
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the force of gravity normally pushes them down into the soil?

Without the water traveling throughout the plant tissue, the
barley plants could not survive.

As we harvest the barley with scythes, we cut a barley stalk

and examine it under a microscope. We can see the xylem

cells that conduct the water through the barley. Rainwater or
groundwater from the soil gets absorbed into the roots through
tiny hairs, after which it travels through the roots that anchor
the plant in soil. Inside the root tissue, veins called xylem form
one continuous pipeline to circulate the water upward into
the plant. The interesting part of the process is that the xylem

cells, many of which are dead, have a two-part task: in the

root, they must resist forces that can pull the plant out of the
ground through the flow of water, and in the stem they have

to push against the wind and the weight of the plant, which

compress and bend the stem. Osmosis steps in and makes the
concentration of water across the plant equal. If the barley
sheath and kernels are dry, osmosis forces water through the

xylem pipeline. Meanwhile, the water molecules climb up the
cells of the xylem because the water molecules are attracted
to the surface area of the xylem. We shine a laser pointer on
water, lingering in the cut barley stalk.

Having a fuzzy idea of how it works doesn’t stop us from

pondering. How can it be so? How can the process be so
precise when the water molecules are heavier than air and
gravity would normally keep them in the earth? And how do

these tiny tubes carry water up to the leaves? It’s a point to
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stop and ponder. A tree does not have a brain that can solve
its difficulties, and yet it somehow manages to thrive.

Another question: where does the water go afterward? We

have a bit of a clue as to the answers, since one of our travelers

is mopping his face with a napkin from the Water Cycle Café.
In chapter 3 we talked about the transpiration part of

the water cycle and how water is released into the air. We

watch through our x-ray glasses as tiny pores in the leaf of a
barley plant seem to draw water drops up the plant stem, into

the barley kernels, and also out through the pores (which are
called stomata). The water droplets fascinate us: one moment

they are trapped in the barley stalk making their way upward,
and the next they appear on the leaf as if through a nature-

made leak. After a short time, they evaporate into the air.
Only a fraction of the water that passes through the barley is

actually stored in the plant. How does this happen? Our farm

expert notices an important clue: the sun is heating the barley,
supplying energy. This causes the water to rise, and then to
evaporate once it reaches the surface.

“I never thought about this before!” someone exclaims. “It

seems so simple, but there are so many steps to it. How do

they do that? Knowing how doesn’t take away the mystery.
Why do they do that?”

Galacti lets us in on an interesting fact while we’re con-

sidering that question. “The rice and barley and trees are
holding back water loss from the soil,” he says. “Without the

barley and the trees retaining moisture, the sun might draw
all the water from the soil, where it would cause no benefit
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to anyone and put a lot more water in the air. However, the

plants themselves benefit because they draw more water.
They release the right amount into the air for the survival of
life on Earth.”

We as travelers never stop to think about how or why

plants use water. It seems automatic, like the plumbing in
our homes. Consider that we humans have to be reminded to
water plants. It’s an efficient process, and one that we appreciate as we feel the moisture in the air.

Transpiration is also responsible for that very air.

Plants, Water, and Oxygen = Life on Earth
While we’re harvesting, stop and take a minute to notice the

air we’re breathing. Notice the act of breathing and having

oxygen in our lungs. In large part, we owe this gift to the surrounding trees as well as the barley and rice plants.

We talked about oxygen when we traveled through the

atmosphere, and we spoke about the trees above our heads

taking in carbon dioxide and giving off oxygen in return.
Barley, incidentally, can release carbon dioxide when malted
into beer. We won’t recap the carbon dioxide/oxygen cycle
here except to make one particular point: The natural atmo-

sphere is composed of just 21 percent oxygen. Where, then,
do our travelers get the oxygen that is traveling down their
windpipes?

Our farm expert literally holds the answer in his hands as

he clutches the cut barley.
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“Without plants, we wouldn’t have any oxygen,” he

remarks. “I do believe that’s right.”

“Plants are responsible for renewing 50 percent of the

oxygen on Earth,” Galacti says. “In fact, if I were able to take
you back in time and show you the Earth before plants, you

wouldn’t be able to breathe. There would be no oxygen in the
atmosphere.”

“Plants control carbon dioxide as well,” someone else

points out.

“Then those plants, over there near the empty field, must

control a lot of it,” I say, seeing a unique assortment of plants
right by the fallow field.

A World Demonstration Garden
We examine the field. A soil sampling kit shows us that the
soil is full of essential minerals and is not depleted. Galacti has

cleared the field to make room for plants from every region

of the world. Just as he brought a glacier into a desert, Galacti
has procured “flats”—(which are plastic divider trays of plants

used by garden shops and greenhouses) and pots of plants for
us to transplant into the soil.

“North America section here,” Galacti shouts, and we

plant oranges, cranberries, strawberries, blueberries, pecans,

sweet corn, pole beans, squash, alfalfa hay, peaches, wild rice,
sugar maple, Kona coffee, loganberries, hazelnuts, and maca-

damia nuts as well as North American “pawpaw,” or papaya.
We consider the sweet corn, pole beans, and squash, which
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grow well together. These three companion plants encour-

age each others’ development. Corn plants support the bean

vines trailing everywhere, while the squash prevents weeds
from growing. In addition, we can see that the beans provide

nutrients while fallen squash leaves become a natural mulch

to protect the soil and conserve water. Think about the Native
Americans who practiced farming these crops as a team, sustaining themselves and growing these three plants unique to

the region. Simple interaction among the plants seems incred-

ibly complex. How do they complement each other so well?
In addition, the pole beans provide the soil with nutrients. We
are now on the hunt for other examples of plant interactions.

“Mexico, Central America, and South America,” Galacti

says before we even have a chance to inspect the diversity of
vegetation. Instead we are planting coffee plants from South

America, maize from Mexico, avocadoes, chayote, yucca, navy

beans, potatoes, black beans, breadnut, tamarind, sapodillas,
and cassava as well as a host of plants from the Amazon rainforest. We have heard that one-quarter of all the medicines we

use in the world have ingredients from the tropical rainforests.
However, as we’re inspecting the cinchona tree, from which
the malaria drug quinine comes, we notice that the cinchona
trees do not grow close to each other. Rather, they may grow

next to a tamarind fruit tree or a papaya tree. This is nature’s
defense. We see when we cut into the cinchona bark that it’s
diseased and could spread the infection to other cinchona

trees, depriving people of malaria medicine. One of our travelers, a woman, has had malaria. Intrigued, she remarks upon
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the biodiversity that can save plants and lives. This arrangement seems particularly prevalent in the rainforest.

“Europe,” Galacti says, directing the plants from that

area to a slice of land surrounding North America and South
America. We plant lingonberries, peas, rapeseed, durum

wheat, quince, gooseberries, olive trees and pomegran-

ates from the Mediterranean as well as Russian apples and
Siberian tea plants. We fixate on the European alpine plants

in particular. Around 13,000 plant species, which survive a
short growing season and even thrive in cold conditions, are
native to the Alps and nowhere else on Earth. These plants

include edelweiss (made popular by the song from “The

Sound of Music”) and Alpine dwarf orchid. Edelweiss in particular is fascinating because it grows at altitudes from 1,500

to 2,500 meters in light, porous soil. The soil of alpine regions

has both these attributes. Edelweiss is a symbol, a song, and a

food for the Alpine ibex, another species that thrives nowhere

else on Earth. We think of Europe as a place of heather,
shamrocks, English roses, and the bounty in my own home
country of France. The alpine plants change the picture in
our minds, however, as does another signature plant from the
Mediterranean.

Olive trees, which are originally native to Europe and

have since been transplanted to warmer climates in America,
among other regions, have a long lifespan. The olive is, in fact,

a fruit, but the trees are not noteworthy for that fact alone.
They’re among the oldest plants mentioned in literature.
Interestingly, the olive tree is associated with just a handful of
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areas in Israel and the Mediterranean, and is originally thought
to have descended from fruit trees in Africa or brought by
the Phoenicians. The olive has been a symbol of peace and

civilization in Greek culture, and it provides food as well as
traditional medicine for humans. Ancient Greek philosophers

used to swear by a spoonful of olive oil as a curative. What is
especially noteworthy as we examine the olives is that each

tree bears two crops. There are fully ripened olives that we can
taste and touch, which alternate with budding olives that will
ripen next year. This is an unusual arrangement, and it could

only be facilitated by nitrogen-rich soils of low-to-medium
fertility to nurture the olives (African and Mediterranean
soils are low-fertility). Again, how can the fruit of Western
civilization originate and take root in a soil that suits it best?

Asia occupies a corner next to Europe. We press into the

ground exotic specimens such as Japanese persimmon, mangosteen, rambutan, lemongrass, lychee, longan, lapsang souchong
tea plants, white rice, ginseng, and orchids. We notice that the

orchids from China in particular give off a scent that attracts
dozens of hornets. We as humans can’t smell the pheromones

that are so tempting to the hornets, but a beekeeper in the
audience assures us that the pheromones mimic the “alarm

smell” that Asian and European honeybees emit when they

sense danger. A particular hornet species native to Asia preys
on both Asian and European honeybees, feeding the honey-

bees to its larvae. To locate the honeybees, the hornets of the

island of Hainan in China tune in to the pheromone alarm

smell. Just as several orchid species can make themselves smell
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like female wasps or bees in order to attract male wasps and

bees, the Chinese orchids know exactly what scent signals to
emit in order to gain the desired result: pollination.

Surprise! How can these orchids with their appealing

petals and seemingly fragile appearance lure hornets effi-

ciently by producing a particular scent when the orchids

themselves look nothing like honeybees? Were it not for this

scent trap, the orchids would have a difficult time surviving.
We notice that several hornets visit the orchids from Hainan

and come away, taking the pollen with them on the journey to
seek other orchids. This ritual impresses upon us that plants
in each region find different ways to continue their species!

There are more pieces of the flora puzzle waiting as we

prepare to plant the African section beside South America.
Cassava from South America crosses the boundaries into

Africa, but we won’t stop there. We intersperse finger millet,
sorghum, corn, yams, maize, fonio (the Ethiopian grain teff )
and palm nut trees with the cassava. Fonio, which few of us

have ever seen, is a traditional cereal grain from West Africa.
In addition to being a highly nutritious and seemingly tenacious dietary staple (it’s actually a relative of crabgrass), it is

perfectly suited to the semiarid, nutrient-poor soils in Africa.
It also provides inexpensive fodder for animals, and its straw is
mixed with clay to make stronger bricks. Most of our travelers
weren’t aware that this grain exists, since we’re used to thinking

of Africa as an undernourished continent. In addition, we are
just coming to learn about the Ethiopian grain teff, which is a

low-risk crop that can grow in drought-ridden or waterlogged
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soils. Like fonio, it is an excellent food source for humans

and animals, especially during the dry season when there is a
shortage of feed.

We move on to India’s portion of the world plants

garden, where we plant coriander, cinnamon (originally from

Sri Lanka), aloe vera, and the turmeric plant. Basmati rice
serves as a border, since it adjoins the white rice field next to

our wheat field/demonstration garden. We again ponder the

diversity as we look at palm nut trees, coriander, and pepper.
We learn that the black pepper tree has flourished in India, its
country of origin, for centuries. How many of us ever thought
about where the pepper in the peppermills and pepper shakers

on our tables comes from? Pepper is a spice that can help
promote the production of serotonin and endorphins (the

sleep and feel-good hormones) in the brain and also encourage our bodies to absorb nutrients faster. It has sprinkled its

way throughout the world, but its origin is India, where it’s

suited to the rainfall in the Western Ghats region. We notice
that the pepper plant is climbing up the teak trees Galacti has

just transplanted to give the black pepper room to grow. We

can again see a relationship in which flora support each other.
As an added benefit, black pepper repels animals, which is
why our travelers are grinding up the peppercorns (actually

the dried, unripe fruit of the tree) in order to sprinkle them
around our crops and repel animals.

“Middle East,” Galacti says, and we note that the Middle

Eastern garden has a touch of the Mediterranean because one

of our travelers has planted some figs. These also appear in
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the Middle East. Another unique set of flora from this biome

includes oregano, dates, pistachios, eggplant, lentils, chick-

peas, thyme, and almonds. We examine the bean sprout-like
fenugreek, which serves as a medicinal herb, a food, and also

a spice. Several pigs that have made their way from somewhere in our farm into the Middle East garden stop and eat

the fenugreek. One of our members is of Near Eastern origin
and remembers the farmers in her town feeding fenugreek to

animals that were “off their feed.” The fenugreek can stimu-

late milk production in cows and relieve symptoms such as
fever, headache, and ear infections. It can also soothe human
stomachs the way it does animals’ digestion. It also soothes
the soil and is used as a fertilizer in nutrient-poor Middle
Eastern locations.

“Pacific Rim, Australia, and New Zealand,” Galacti calls.

We plant bananas, Kumera sweet potatoes, taro (also found in
Hawaii), papaya, peanuts, sugarcane, coconut, soursop, small

tomato, vanilla, and cocoa. However, we are already achieving
“plant overload,” and so we combine the Pacific Rim plants

with an Antarctic/Arctic demonstration garden containing
representatives of 350 species of mosses and lichens. We are

particularly intrigued by the color palette of the red, orange,
and yellow lichens.

These lichens from Antarctica are composite organisms that

combine fungi with two types of algae in order to make food.
As we learned from the nitrogen cycle, algae can take nitrogen
from the air and make simple proteins. We haven’t riddled out

the nitrogen paradox, however. While other plant species all
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over our plot are competing for the nutrients, lichens and their
algae components thrive in limited soil. This is a reason why

they may be among the oldest organisms on Earth. A woman

in our group from a traditional society is excited to see lungwort
lichens and Iceland moss, which she views as natural dye for the

clothing she makes and as the medicine that cured the burns
on her arm. The lichens also help her husband hunt to trap

animals for food, but she most prizes the medicine, since it kept
her mother from dying of pneumonia.

As we’ve seen, cinchona bark produces quinine, fenugreek

and black pepper have medicinal uses, and even plants we
never would have thought to be beneficial (such as the hard

candlenut, or kukui in Hawaii) are used in oil to treat eczema
and other skin irritations.

Our demonstration gardens are a rich opportunity to

learn. Variety, climate, sunshine, water, soil conditions—so

many factors and processes come into play to produce food
for animals and mankind as well as greenery for fertility, air

quality, medicinal and industrial purposes with their beauty
and presence helping in health recovery and mood control.

Contemplating Time and Flora
“Many of these plants—including the figs and cassava along
with worldwide food staples like barley, wheat, and rice—are
food crops with their own seasons and their own internal
chronobiology,” Galacti says.

“They have their own internal biological rhythm, their
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responses to light and changes in temperature and seasons,” I

add, and our farm expert from the last chapter understands this.
“Let’s speed up the annual growing cycle to see how this

works. It’s called the circadian rhythm, meaning it lasts about

twenty-four hours, or about the length of a day,”suggests Galacti.
Internal timing in organisms is necessary for the survival of a

species and is adapted to its natural habitat. It’s even adaptable,
as the Southern and Northern hemisphere plants illustrate in
our demonstration garden.

You’ve noticed that the leaves open up during the day and

close toward sundown. This daily exposure to light is the time
for stem growth, and when biochemical processes like photo-

synthesis are in sunny action. This is also when gas exchange,
carbon dioxide to oxygen, and water transpiration take place.
The next is a “circamonthly” rhythm, which isn’t very obvious in
plants. However, experience has shown us that planting accord-

ing to the full moon promotes growth. Then there’s the “circannual” rhythm, with which our visitors are all familiar. This

annual seasonal rhythm holds true for the dormancy of certain

seeds, regulating germination, flowering, emission of a fragrance
to draw insects for pollination, and abscission (the shedding of

leaves, flowers, or fruit). I have a hazelnut tree, and each year
I am amazed to see how the cup of the hazelnut releases its

nut on maturity. Some bamboo species have lengthier cycles

and flower only once every seven, sixty-five, or 120 years. The

longest known cycle is 130 years for phyllostachys bambusoides,
also called madake. This bamboo is common in China and
118

THE FLORA PIVOT

Japan, but also worldwide. Its chronobiology is such that no

matter where it grows, whether north, south, east, or west, or in
a tropical or cold zone, all the plants flower at the exact same
time. This reveals just how far the “internal alarm” goes.

Pollination
We stand underneath the Middle Eastern/Mediterranean fig

trees. A swarm of large wasps deters us from inspecting the

trees, but Galacti provides protective beekeeping gear so that
we can observe the wasps closely and safely. Guarded from

stings, we witness the wasps land like a squadron of mini

fighter planes on the figs and pierce them. They crawl inside,
lay their eggs, and sweeten the “delivery” by depositing nectar
carried on their bodies or in a special pouch.

The F-15 fighter wasps that have not yet entered a fig

buzz around the fig trees. One fig cracks open at Galacti’s
prodding and we can see its inner flower hidden under the

skin, never having seen daylight until now. “This is why the
figs depend on the wasps for pollination,” Galacti explains.

“Why is the fig designed that way?” a traveler wonders. “It

seems counterintuitive.”

“Not to the wasps,” Galacti says.

“But every flower that’s pollinated usually needs daylight,

right?” someone else questions. “I know there are some noctur-

nal food or flowering plants, but they’re rare, aren’t they? Unless
you live in Alaska, where it’s twilight all day in the winter.”
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Targeting the fig, a female wasp (the squad is exclusively

female) drops eggs inside the ovules and pollen inside the
stigma, which are parts of the fig’s flower florets.

“See? They have their routine down,” Galacti says.

If the wasps neglect to provide pollen to one or two figs

that they’ve “impregnated” with their eggs, those figs will
drop to the ground within minutes.

“Uh-oh,” Galacti says. “The wasps didn’t reciprocate.

They didn’t fulfill their part of the contract, so the tree

is demanding a ‘nonpayment penalty,’ to put it in human
terms.”

“You mean because the wasps wanted the fig to be a host

for their eggs, but then decided, (if decided is the right word)
not to pollinate the figs?” asks the visitor who first wondered
about the nature of figs.

“That’s right,” I say. “Cornell University has observed

this give and take, and now you are seeing this relationship

between figs and wasps for the first time. There is a season

for the wasps to lay their eggs, and there is also a season for
the figs to grow.”

The farm expert remembers something. “Actually, there

are two seasons for the figs: one in May and June and the
other in December and January, although in some climates
figs are grown throughout the year.”

“And the fig wasp mating season follows the same chro-

nology (or chronobiology), so the timing of both the fauna
and flora parties is just right,” I reply. “Fig wasp and fig tree
life cycles are intricately tied together.”
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“Where do the male wasps fit in this cycle? I didn’t see

any,” our first questioner wants to know.

Galacti nods at the inside view of the normally closed fig.

The female wasp has died during our conversation (just hours
after laying her eggs), but the fig rapidly absorbs the body.

“It’s definitely a different process from your human child-

bearing, but not so different from other species,” Galacti says.
“That wasp provides nutrients for the fig in addition to the
pollination.”

The eggs hatch before our eyes as we contemplate the

wasps. Wingless males are born, mate quickly with the

females, and then die just as quickly inside the fig after
a few hours. The fig is their short-lived home from which
they never emerge. On the other hand, the females join the
F-15 squadron. It’s a short life cycle, and someone remarks
that perhaps some of the females feel they’ve given enough
without helping the figs thrive.

“The fig trees’ instinct is to thrive,” Galacti says. “After all,

they are assisting the wasps with reproduction. This is their

season; this is their time. In addition, you miss another part of
the cycle without the ripening figs.”

We watch as the figs ripen in accelerated time. Animals

and birds arrive at the fig tree, eating the figs and discarding
the seeds. These “seeds” are actually tiny fruits that comprise
the whole fig. By eating the figs, the animals and birds guarantee the existence of future fig trees. This is cross-pollination

at its most elegant, and the precision of the arrangement is

not lost on anyone. Likewise, the complexities of the chain
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of events merit contemplation. The wasps sacrifice themselves

and die in order to ensure their own reproduction and the figs’
existence. At the same time, the females have a safe place for

their eggs but the figs punish the wasps if they don’t assist with
the flower’s fertilization. As Galacti says, this is a covenant
conducted by beings without our intelligence—the tree cer-

tainly does not have a mind, and the wasp has a limited brain.
Next time you eat a fig, realize that it is not a fruit, but a flower
that never sees daylight! As such, it needs to be pollinated in
this strange way.

Likewise, our wheat crop has its own pollination mecha-

nism: the wind. Inside the “spike” or the ear of the wheat plant,
humble, inconspicuous flowers wait for the winter, spring, or

autumn wind to blow pollen grains from neighboring plants.
These flowers don’t need elaborate color or the ritual mating/
pollination sequence of the fig trees because the wind provides

it. Wheat is not the only plant with this simple mechanism;

the crop in the rice paddies also benefits from wind pollination.
And yet there is separateness—an order to things. The

figs cannot be cross-fertilized with the wheat, and the lichens

have found their own way of reproduction. At the same time,
neither plant could reproduce through, say, a cinchona tree.
Even wheat and barley don’t cross-pollinate, nor do they use
the rice in their life cycles. There are many fascinating relationships between plants, but pollination isn’t among them.

As the wind gently blows through the wheat, we notice

the simplicity of the pollination process, specifically the way

grains of pollen are blown from wheat flower to wheat flower.
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It seems to be chancy: why wait to be pollinated by wind?

What if there is no wind? There are windless zones near the
equator, but wheat does not grow in those areas.

We contemplate the unprocessed, raw wheat and grain as

well as the simple rice. “This is the spring harvest,” a woman
remarks. “I don’t know how I know. I can just feel it.”

Spring Wheat Harvest
“Before I tell you about the wheat lifecycle, which has two
harvest seasons (one early in the spring, and a much larger one

in the fall), let me tell you why that third field was left empty,”
Galacti says.

Our farm expert has an idea why. It’s because of crop

rotation, which is a planned order of crops alternating on the
same field. For example, our barley field previously contained

wheat, and now several of our volunteers are planting wheat

on the harvested barley field. The ripe spring wheat field previously held corn or soybeans, perhaps. In addition, the fallow

field was planted last year with soybeans or turnips to restore
the nitrogen in the soil and provide food.

“But now it supports that World Demonstration Garden,”

the farm expert says. “Even though that’s unusual, most crop

rotations work efficiently: they decrease disease, increase food
production, and provide the nitrogen advantage. You can also
plant both warm-season and cool-season crops. Farmers have
practiced this for centuries as a way to manage farms, and they
plant by the rhythm of the seasons.”
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Plants practice crop rotation (if anything without a brain

can be said to “practice”) on their own, without the extensive

planning that humans undertake. For example, if there is a
flood in a forest in Europe that devastates the flora, weeds

take over the soil to protect it from wind and rain. After
the weeds die, berry plants (usually with protective brambles
or thorns) rise up due to seed dispersal from birds. For

example, fruit-eating birds in Denmark may have dropped

seeds into the flooded or weedy areas. Berries provide food
for the forests that will regrow through the efforts of seedcarrying birds and animals such as badgers, mice, and even

ants. Throughout this process the plants are participating in
the water cycle and taking carbon dioxide out of the air. An

amazing automatic regeneration, natural and complex at the
same time.

It takes concentration to watch as the farm expert plants

the wheat seeds. They will sprout in the seedling stage and
put down the tangle of roots, which will sprout shoots called

“tillers” in the second stage. Next, each tiller grows its own stalk
and seed head. We watch Galacti accelerate the growth of one

plant so that the tillers will develop hard “nodes” in the third

stage, from which the plants will continue to grow upward.
In the fourth stage, the “booting” stage, wheat heads emerge
from the sheath of the stalk and immediately progress into

the fifth stage, in which they develop flowers. Blowing winds

scatter pollen from the male to the female parts of the flowers.
Moist and ripening simultaneously, embryos and endosperms

(wheat buds) form and develop into hard wheat kernels. In a
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remarkable display of timing, all the wheat ripens and matures

at the exact same moment. Water evaporates from the leaves
and the kernels.

“These stalks are ready to harvest at last,” the farm expert

says, but we are too busy scything and harvesting the spring
wheat harvest.

The spring wheat harvest is actually considered winter

wheat, as it’s planted in the autumn to take advantage of the

season’s moisture, which helps the seeds germinate and sprout.

However, the seeds require only moisture when they’re planted,
so they are well suited to a cold, dry winter. Cold tempera-

tures slow the wheat’s maturation until after the barley harvest.
Spring sun and rain help the winter wheat mature in order to

prepare for the April-to-June wheat harvest we’re currently

observing. Most of us have never taken time to consider how
one of the first domesticated food crops grows or how seasons
schedule its growth, yet wheat is grown on more land area than

any other commercial crop. Much of what we eat, including
foods we’ve consumed on this journey, contains wheat.

We breathe the air, the purity of the air, and we note that

the wheat we’re harvesting thrives on the carbon dioxide we’re

breathing out. The wheat conducts photosynthesis and adds
biomass in order to grow.

As we harvest the winter wheat we notice that, while the

work is hard, we’re learning, so we don’t notice the passage of
time. Galacti sets aside some of the fruits of our labor.

“It’s a reminder of what we’ve accomplished here today,”

he remarks.
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In addition to our discussion on farming, we’ve planted

flora that thrive particularly on the carbon dioxide in the
air. Even as the teak trees are cleansing the air and using the

carbon dioxide for their own photosynthesis, the rest of the
World Demonstration Garden is participating in the cycle.

The wheat is turning golden brown as the processes

within the plant transfer the water and nutrients up through
the plant stalk.

Fall Harvest
It’s time to resume our work for the fall harvest. Galacti
operates his own mechanical harvesting machine. We use

our scythes to harvest half the field of grain, while Galacti’s
mechanical reaper cuts the grain stalks efficiently and care-

fully. The work is intense, hard, and laborious, and it’s doubly
so in the rice paddies, where some of our travelers have chosen

to work. They compete with our grain harvesters as if they
were reenacting a recent episode of The Amazing Race, even

though we have hours of daylight ahead and a harvest moon
to lengthen the day as we gather the wheat. The wind rustles
past and there is a slight crispness in the air. We cut swaths

through the wheat with our large grain scythes while the
mechanical grain combine is unloaded.

Time seems to stop, and yet we’re somehow aware when

it’s lunchtime (it’s not just because of hunger). After we

eat, we are back at work. Half of our travelers thresh the
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cut wheat with a chiseling mallet, a small-scale threshing

machine, or the larger farm equipment Galacti brings now
that he and I are done with the harvesting. The equipment

is used to remove the wheat berries, from which our bread
comes. Meanwhile, the travelers that are harvesting by hand

work diligently. The same principles apply in the rice field,
although picking rice by hand is among the hardest jobs on

Earth. We combine traditional rice-picking and threshing
with mechanical methods.

In any case, our time among the flora has ended, and our

work is finished. We’re grateful that we can rest. The soybeans

will be harvested in our absence, since we have much more to
see on our tour.

A white film has appeared on the fallow third field. An

early frost, perhaps, and a sign of approaching winter. The

change of the seasons, which is sometimes an annoyance,
sometimes a reminder to change our routines, and sometimes
ignored, has never been more present in our adult lives. We
have the flora to thank for this.

Life Hinges on Flora
From space, the supernova produced the elements that
congealed to form the sun and planet Earth with its tilted

axis. The axial tilt gives us four distinct seasons in both the
northern and southern hemispheres. In the atmosphere, we

have the filters that allow the penetration of light and heat.
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Water serves as the liquid that both dissolves and transports
the constituents that come from the earth—the inorganic
minerals that are the essential elements of life.

All four of these suppliers of basic life material are brought

together by the flora. Plants, both those that grow on land
(which we’ve emphasized in this chapter) and aquatic ones

in the form of phytoplankton, use a process called photosyn-

thesis. This process uses the sun’s energy to combine carbon
dioxide, nitrogen, and other inert inorganic elements into
living organic life.

We can’t see phytoplankton with the naked eye because

they’re too small, but they live close to the surface in all oceans

and bodies of freshwater. They’re actually miniscule algae that

produce 50 percent of the renewed oxygen we breathe, and
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they form the base of the food chain for both aquatic and
terrestrial life.

The flora kingdom is interlocked with inanimate minerals

and the animate living kingdom. In fact, in many ways it
bridges the gap between the inanimate and the animate in

that flora absorbs the former and bequeaths it to the latter for
their and its own growth and well-being. We cannot evoke
the inanimate without the help of the animate in The Explanation. Without plants, we wouldn’t be able to write the next
chapter, which deals with fauna.

129

6

A NI M AL ABIL IT Y

Imagine the un-animaginable.

W

e are traveling from the harvest on a kind of people
mover that resembles a train at a zoo. Artfully rendered

animals are painted on the side: first a chimpanzee, now a

lemur—now let’s try a shark to expand our zoo’s Inventory—then a butterfly, a dogfish, a coatimundi, an elephant, a
squirrel, and a penguin.

Hummingbirds zip past us, and weaver ants from Asia

hitch rides on the side of the train. Jackrabbits hop along
beside the tracks.

As we examine the animal portraits and the living crea-

tures surrounding us, the loudspeaker announces that we have
just arrived at the main World Zoo Station. After the train

comes to a complete stop, we disembark en masse and file into
an exhibit hall.

We are now inside a vast space that is open to the sky.

Galacti, dressed as a zookeeper in protective clothing,
announces that the roof is retractable. We are left to our own

devices to wander and browse the exhibits. Our zookeeper is

available to answer any questions, but it’s up to us to explore and
make discoveries about the animals we’ll meet. These animals
represent a slice of the thirty million species of vertebrates
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(such as mammals, reptiles, amphibians, birds, and ray-finned

fish) and invertebrates (such as insects, mollusks, spiders, and
earthworms), many of which are unique to specific geographic

areas and found nowhere else on the planet. Hummingbirds

exist only in the Americas, while lemurs live exclusively in
Madagascar. You won’t find a lemur population in Canada or
France.

Galacti wanders around, citing other interesting animal

facts.

“Cat whiskers can detect movements two thousand times

smaller than the width of a human hair,” he says. We already

know that cat senses are acute. Galacti has more examples,

which he regales us with at odd moments. For example,
warthogs display a kind of intelligence (or instinct, if you
will). They enter their burrows in reverse so that they can
charge predators that might be lurking nearby. The ingenuity

of such an odd-looking creature makes us wonder: what else
can animals do?

Signs direct our attention. They read: “Communicators,”

“Organizers,” “Navigators,” “Climbers/Swimmers,” “Toolmakers,” and “Home Builders.”

Animals have all of these capabilities? The idea teases our

imagination. We remember stories of pet dogs sensing danger
and rescuing drowning children, or of bloodhounds tracking

down criminals against amazing odds. At one time or another,
we have also admired the way that geese fly to their winter

nesting grounds in a perfect V formation. These signs display
all human attributes and functions, however.
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Communicators
Our first stop will teach us about how animals communicate. We may have our own ideas about this from reading
about Koko the gorilla, a master student of sign language, or
remembering that bees somehow communicate the location

of nectar. We are the only species that uses spoken language,
and yet animals do communicate. Think of a dog’s wagging
tail, the way it signifies friendliness, excitement, and other

moods depending on its position or on how fast the dog wags
it.

We are directed to the elephant enclosure to view dozens

of elephants. While we admire the largest living land creature

(elephants can reach a height of four meters and weigh as

much as 8000 kilograms, the equivalent of about 100 N.
American men), we hear the elephants trumpet loudly across

the enclosure. Surprisingly, we hear other elephants answer
the call from the surrounding jungle outside. We read in the

digital library of the universe that the frequency of elephant
acoustics can vary from a rumble at twenty-seven hertz (the

lowest note on a grand piano) to a roar at 470 hertz (twice
the frequency of an adult human female’s voice). Elephant

acoustics have a much larger vibration range than ours, as the
elephants in the enclosure are about to demonstrate. At the
same time that the elephants are communicating with their
counterparts in the wild, one male bellows in a low rumble

(below twenty hertz) that our human ears can only detect in
this specialized animal sanctuary. A female elephant on the
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opposite side of the enclosure responds, approaching the male

for breeding purposes. Other elephants locate their family
members in the enormous herd. These are two examples of
the little-known world of elephant communication.

Inside another enclosure, we see something eye-catching:

a ground squirrel eating nuts and seeds while a rattlesnake
lurks in wait inches away. The desert landscape seems fraught

with danger for the squirrel, and yet it seems unconcerned. If

the squirrel is sweating, we can’t see it, since its sweat glands

are in its feet. However, when the snake slithers closer, preparing to pounce, the ground squirrel swipes its tail from side to
side with rapid movements. The rattler hesitates and coils in a
defensive posture as the squirrel puffs up its tail and continues
the tail dance. In effect, the rattlesnake leaves the squirrel to

enjoy its meal in peace. Several squirrel babies (or kits) emerge

from a nearby shelter. Thanks to the adult squirrel’s warning
to stay away, the rattlesnake also avoids the babies.

Unusual. Our interest is piqued. By all rights, the rattle-

snake should have eaten the squirrel and its kits. What just
happened? The simple and yet unfathomable answer is that

the squirrel communicated a warning with the movements of
its tail, a practice called “tail-flagging.” By examining the rat-

tlesnake’s eyes in a monitor display, we see that it uses infrared

vision to seek its prey. Through goggles provided by Galacti,
we also view the blood flow increasing in the squirrel’s tail,
generating a surge in heat. This increased heat confuses and
warns the rattler. In addition, fluffing up the tail and increas-

ing its body heat makes the squirrel appear larger when viewed
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via infrared vision. We’re learning that different species use

their own inventive methods to communicate with predators.
Our elephant symphony and squirrel-versus-snake con-

frontation are two striking ways animals communicate. We
could cite others: dogs marking territories with scents, bird
plumage displays, wolf pack interactions, and the ways in

which animals select their mates. Animals can communicate,
but how do they “know” to do this? Is it in the genes, as with
the bees’ pollen dance? Are animals capable of planning as we
know it? Can they build societies?

Organizers
Inside one of the glass enclosures, hundreds of ants swarm
along a superhighway network of leaves and tree branches
that connect soccer-ball-sized nests. We read the placard
on the enclosure: Weaver Ant, Southeast Asia and Australia. As we watch the ants, we notice that they link with each

other using their red-brown antennae, their mouths, and their

legs. Ant interaction is an elaborate dance of using antennae
to grasp each other’s antennae or touching each other with
mouths or legs.

They are “friending” each other. They stay in sync through

these gestures and signals, and they create their own social
organization. As they communicate, they plan tasks such as

sewing leaves together to make nests. To create the nests,
the ants form a chain in order to grasp leaves. While these
workers hold together the nest, other workers arrive carrying
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pale white larvae. Since the larvae secrete silk, they are of

use here. The worker ants tap the larvae on the head, which
prompts the larvae to ooze gobs of silk out of their jaws. In
essence, the workers use the larvae as glue guns to seal the
leaves together. Other ants are forming “air bridges” between

trees so that their nestmates can cross. We watch construction
projects, “urban planning,” and even ritual dances that warn of

an approaching enemy beetle, which also becomes food once
the weaver ants organize a hunting party.

Bacteria are also organizers, and they form a World Wide

Web. That surprises our group. How can organisms living

inside us and dwelling on common household surfaces (as
well as everything we touch) organize without brains? Single-

celled organisms don’t seem comparable to networked computers. We’re taken from the weaver ant display to an exhibit
called The Bacteria Network.

Giant “microscope glasses” that look a bit like 3-D glasses

allow us to see what would normally be invisible to the naked

eye: a billion and more bacteria, specifically the infamous E.
coli bacteria, moving along and reproducing by dividing. Just

one of these unicellular organisms can divide every twenty
minutes and produce five hundred billion billion bacteria. Each
one of the bacteria can “converse” with the other bacteria and

its related species, that is, the bacteria can communicate using
chemicals. To illustrate this point, our microscope/3-D glasses

detect colored trails representing chemicals being exchanged
among the bacteria. The E. coli bundle together in a phenom-

enon known as “swarming,” and the chemical exchanges come
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at a furious rate. Moreover, we can see all kinds of activities

corresponding to the exchange of the chemicals. For example,
a bacteria pair exchanges genetic material, and we detect the
same activity in several such pairs. The bacterial communica-

tion seems orchestrated, organized, and planned as they form
biofilms, which are bacteria cities, or perhaps communes.

We normally don’t like to think about bacteria, and

we avoid them at all costs by using antibacterial wipes and

gels stationed in hotels and our local supermarkets. Certain
bacteria called lactobacillus have positive functions, such as

helping to create the smoothness of the yogurt one of our
travelers is eating as a snack. There’s also cyanobacteria, which
exist in every crevice on the planet. They help nurture life

by contributing to the process of photosynthesis. When we
think about all the disease bacteria carry, exchange, and spread
through these processes we’re watching, however, we wonder

why a potentially deadly creature has the ability to “network,”
share information, and even assist in our DNA exchanges, as
well as giving rise to the geologic landscape!

While we’re thinking about this question, consider this:

cyanobacteria are an excellent example of chronobiology,
which we discussed in the last chapter. Since bacteria are

unicellular and have a short life span, scientists dismissed the

possibility of a circadian rhythm. However, cyanobacteria do
operate according to an “internal clock” and certain strains
reproduce by dividing every twenty-four hours, while others
do it every five to six hours! Even bacteria have this sense of

time, even more accelerated because of the need to reproduce
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by division. As we think about the chronobiology, which is

almost elegant in such a simple organism, we watch as the cya-

nobacteria exchange chemical signals with each other. They
even receive genetic material from the E. coli! Similar processes
are taking place inside our own bodies with the bacteria that
make up a mind-boggling 90 percent of our cells.

Should we call bacteria intelligent? Perhaps. Why do they

seem to have awareness and an ability to organize in the most
efficient sense at the cellular level?

We’re fascinated, and yet we’re compelled to move as far

away from the bacteria exhibit as possible and on to the Navigators section.

Navigators
We know that animals can sense wind and navigate. Inside the

fruit fly haven, dozens of red-eyed flies embark on their paths,
testing the wind with the miniature “sensor instruments” at the

tip of their antennae. If we were to peer inside the fruit flies’
brains, we would see signals indicating the wind is blowing in
a particular direction (southwest for example) traveling from

the miniature antennae’s anemometers. The fruit flies use this

information to make and alter their flight plans. A fly’s brain is

not complex, but the fruit fly still possesses this “anemometer”
in order to fly and survive.

Other animals have directional senses as well. In one enclo-

sure, a mother rat tends to her newborn babies, but the pink

hairless creatures don’t need much parenting. Eyes open, they
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scurry southwest to a pile of grains and some cheese chunks
Galacti has left behind. Even though they can’t possibly
explore their environment as newborns, they come into the
world with a “GPS,” that is, they have the same directional

signals as an adult rat. The adult and newborn rats gobble up
the food in no time.

These rodents have other intriguing abilities. They see

poorly, yet we notice the adult rats’ whiskers twitching and

dancing. Galacti plunges the enclosure into darkness, but we
can still see thanks to a faint light that tracks the rats’ move-

ments. When the adult rats in the enclosure venture around for

food, Galacti releases the scent of a new food into the east side
of the enclosure. The adult rats orient themselves, whiskers
alert, and scamper toward the scent. Minivibrations of the

rats’ whiskers alert them to the direction of the food, even in
darkness. If the rats are born with a GPS, the whiskers are

miniature radar homing in with perfect accuracy on anything

edible. Rats are not the only creatures possessing this ability;
the star-nosed mole can create a detailed map of its area using
the twenty tentacles snaking from its nose.

We’ve never paused to think about rats, moles, and their

capabilities. Many of us in the group prefer to avoid rats

whenever possible! However, we’re humbled to think that
a creature with a reputation for carrying disease has mental
capacities beyond ours. Baby rats have survival skills and mental

abilities beyond those of newborn humans, who have larger
brains! How can this be? Specifically, baby rats can navigate
and have the ability to sense direction even in the dark.
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Navigation is also a skill displayed by the monarch but-

terfly, a seemingly delicate and fanciful creature. Much has
been written about the migration of the monarch butterfly. As

we step into a “butterfly house,” we have to take care to shut

the door so that we don’t release the dozens of monarch butterflies fluttering around the trees, flowers, and airspace. They

are feeding on milkweed, their favorite food, and general
nectar plants. Sunlight streams into the habitat and dozens of

butterflies take flight in a cloud, escaping through an opening

in the ceiling. A camera inside the house allows us to see the
butterflies traveling southward, filling the skies. This is the
first step of their annual two-way migration.

Each October, before the weather becomes too cold for

survival in the northern United States and Canada, the but-

terflies travel thousands of kilometers to Mexico, California,
or Florida—the longest migration on record. On the camera,

we see an accelerated, simulated version of the butterflies’
flight south to their wintering grounds, which includes their

famous nesting site in the oyamel fir trees in Angangueo,
Mexico. The butterflies fly up to twelve miles per hour by
floating on the wind and using their strong wings to make this

long commute. Multiple generations make this journey. Since
the Monarch butterfly’s life span is only two months, no butterfly makes the entire round trip. Female monarchs deposit

eggs en route, and the last generation to make the trip does
not reproduce until it reaches the Mexican oyamel fir trees. In

essence, the monarchs can delay reproduction until conditions
are ideal and they are safely in their “vacation spot.” This new
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generation continues the homeward leg of the migration with
no input from their parents.

The migration is essential for the butterflies’ continued

lifecycle as they travel from the dormant flowers in the North
and pollinate flowers en route, at the same time feeding on

milkweed and receiving essential nectar for the winter. This

migratory pollination ensures the survival of both the flowers

and the butterflies. In the spring, the butterflies return north,
unerringly coming back to their point of origin.

How does the butterfly do this? We humans need a map,

radar, signs, and directions for long journeys even though

we eventually learn a preferred route. For the butterflies, the

sunlight is the key. It triggers the butterfly migration in a real
sense. As scientists have discovered, the butterflies’ bodies

regulate production of an internal hormone called Arabidopsis cryptochrome 2, or “CRY2,” which allows them to gauge

how much daylight they need to make their long migration.
It also helps them sense the Earth’s magnetic fields. Thanks to
a mechanism in the butterflies’ antennae, daylight resets their

internal compass and helps them remember their location
by sensing the direction of the magnetic fields. The butter-

flies use the magnetic fields to navigate to their nesting sites.
Thanks to the circadian clock in the butterflies’ antennae, a

mechanism of chronobiology that guides the butterflies’ sense
of time and activates because of the CRY2 protein, generation

after generation navigates successfully to the ‘winter home,’
while the second, third, and fourth generations return north.

As we think about the butterflies’ navigation, we can
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also understand the benefits of it. Flowers are pollinated,
species survive, and new evidence even suggests that migra-

tion helps the butterfly avoid infection by a specific singlecelled parasite.

The butterflies’ routine seems so precise and carefully

planned. It’s as if the butterflies have their own kind of intel-

ligence that allows them to plot the best route to their win-

tering grounds in the same way that you or I would when
traveling from Edmonton to Tahiti for the winter, or from

Norway to the warm Greek Isles. However, the butterflies

seem far more delicate and vulnerable than an airplane, for

example, and have only their own resources. This mass migra-

tion has fascinated scientists for that very reason. It intrigues
us now. It is a demonstration of remarkable navigation linked
to chronobiology.

Even the way the butterflies glide on the wind deserves

observation. We feel a sense of envy watching their fluttering
movements. It inspires the same meditation as watching the

hummingbirds in an adjacent sanctuary fly backward, hover,
and feed off flowers dancing in the wind. Only high-speed

video can capture their flight and show the hummingbird’s
shoulders moving in a figure eight to create those graceful

movements. Why should hummingbirds be the only bird

that can hover on the wind? Is it because they have no place
to perch on the flowers? Why are they predisposed to this

behavior? We know that we could not replicate their feats or
their efficiency.
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Climbers and Swimmers
It is the same experience that we have when we watch cheetahs
racing or dolphins swimming over sixty kilometers per hour

(thirty-seven miles per hour), sharks swimming seventy
kilometers per hour (forty-four miles per hour) and sailfish

reaching speeds of 109 kilometers per hour (sixty-eight miles
per hour). Michael Phelps’s world record Olympic medal per-

formance in the 200-meter butterfly (timed at one minute
and forty-two seconds) calculates out to seven kilometers per

hour (over 4 miles per hour). Animals can naturally swim
circles around Michael Phelps.

Some of our group has strayed into the aquarium, where

they are watching the spiny dogfish shark. Its enameled scales
have inspired the Speedo Fastskin II swimsuit and reduced

the strain of swimming as well as the drag on swimmers’
bodies. At the 2004 Summer Olympic Games, both the neck-

to-ankle and standard swimsuits with sharkskin-mimicking
bumps and ridges technology helped athletes win fortyseven medals. Sharks seem formulated to swim quickly, so

you cannot outswim one. Biologists at the British Museum
crafted a suit to help humans have an advantage that sharks

possess naturally! Another observant scientist noticed that

shells and algae tended to not attach themselves to the skin,
hence the development of ship hulls that reproduce sharkskin patterns. Engineers working on the Airbus 380 are also

testing a coating that imitates the sharkskin’s tiny riblets in
order to streamline aerodynamics.
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Mechanical inventions in development such as the

Japanese Shinkansen bullet train can create problems like

bothersome noise that occurs when the otherwise-quiet train,

traveling at 320 kilometers per hour (200 miles per hour),
emerges from tunnels. Japanese designers designing the elongated, tapering noses of the current Shinkansen trains took a

cue from the kingfisher, whose long, narrow beak is helpful

in reducing splashes when the bird dives for fish. Bird flight
also played a role in modeling the wings and landing gear of

the Airbus 380. The plane wings imitate the upward curl of

the feathers on a steppe eagle’s wingtips, which balance the

length of the eagle’s wings so that the eagle’s turning circle is
not too large. In addition, the landing gear borrows from the
fine feathers on a long-eared owl’s legs, which contribute to
the owl’s silent nighttime flight.

While viewing examples of biomimicry, or technology

imitating nature, inside a special display within our current
wing of the exhibit, I’m reminded that insects seem to surpass

us in certain types of movement such as flying, swimming,
and running. I’m inspired to visit the climbing animals.

The gecko is a most versatile creature. Inside a “lizard

house,” we watch geckos climb the glass walls. They move
up, back, forward, and sideways on a sheer surface in a way

that we would never be able to do with our hands and feet.
Thousands of hairlike extensions on the geckos’ feet create
traction on the glass wall. Hundreds of spatula-like structures

called setae are actually responsible for creating the gecko’s
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grip because the weak forces help the hairs bond with the

glass surface. The gecko toes curl as they climb, and the hairs
do all the work of keeping them from falling. We watch these
geckos scurry and move with agility and quickness.

The geckos’ feet have inspired scientists at MIT to design

a robotic gecko called StickyBot (there are other versions
developed by different universities as well). A version of
StickyBot is inside the gecko house, climbing the glass. Scientists drew inspiration from nature to create an assemblage

of circuitry with feet modeled after the geckos. The robotic

gecko’s feet are made of adhesive pads like those in Astroturf™. They feature silicone hairs, which create the same force
that makes the gecko stick to the walls. The robotic gecko

looks quite different from its smaller counterpart, but make

no mistake—it moves with the same precision as the living
gecko. The feet curl and spread on glass as well as on a variety

of objects placed in the gecko house: white boards, granite,
and an assortment of other smooth surfaces.

Animals have capabilities that echo and often even surpass

what humans are capable of. Man has figured out how to use

those talents by drawing on observations of animals to create
new technology. Perhaps the message here could be “nature

originates, man copies.” By observing the gecko, man learns to

design robots that can potentially repair underwater pipelines,
wash windows, and access hard-to-reach places. We’re struck

both by the animals’ innate capabilities and by man’s inventiveness in borrowing this technology.
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“Can animals eventually learn from their surroundings as

well?” one of our audience members asks. “Can they invent
solutions to solve problems?”

For a possible answer, we follow the arrows to the tool

makers’ section.

Tool Makers
A murder of crows (that’s the actual name for the flock) is

hard at work in the aviary while a group of Rhesus monkeys

is occupied in the primate house. As our visitors watch and
observe both crows and monkeys, we compare notes and
discover that the birds and primates are engaged in the same
activity: tool making.

Minibuckets of food lie at the bottom of narrow-mouthed

glass jars and long slender tubes in the crows’ nest. One of

the crows picks up a twig and tries to fish the food out. That

doesn’t work. Another crow picks up a shiny piece of metal or

wire and bends one end to create a fishhook. The crow imitates

what a captive crow has done at the University of Oxford:
using the hook tool to retrieve food from the jar. Success. The

crow feasts and the younger crows follow its example, thereby

learning the behavior. Another elder crow uses a complex tool
made from twigs and grass to poke a tree stump and fish out
squirming beetle larvae. As before, the younger crows learn
from the example.

Our visitors report this to their colleagues, who are watching
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capuchin monkeys use stones to dig for food. Hitting the ground

half a dozen times with the stones, the monkeys scoop away the

soil and uncover mealworms and tubers, which they eat. Chimpanzees place hard-shelled palm nuts on larger stones that are
straight and level. Turning equal-sized or slightly smaller stones

into hammers, the chimpanzees crack the shell so that they can

dig out the nut’s flesh and kernel. Our visitors in the monkey

house observe the chimpanzees striking the nuts with just the
right amount of force: hard enough to crack the nut without

crushing it. The chimps have learned the right sequence: on

the bottom, a large stone serves as an anvil. A nut is placed

on the stone, and finally a stone functions as a hammer. Also,

chimpanzees have developed different types of foraging tools.
To procure a meal, for example, the chimps use their teeth to
trim twigs and dig inside termite mounds for larvae.

We could go into detail describing these processes, which

are fascinating in themselves, but as we compare notes we
find that the overall theme is the same: animals and birds are

capable of making tools to solve problems. Although we might
have read about experiments in which scientists test animal

intelligence, we’re now seeing the reality for ourselves. It’s an

entirely different experience. We are impressed by the animals’
know-how and what seems to be their resourcefulness.

However, the question arises: why do animals, whom

we assume just blindly forage in the wild and locate food by
instinct, demonstrate human-like problem-solving when they
seek their dinner?
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As the chimpanzees poke the termite mounds, Galacti

suggests that, if our primate house group is interested in the

termites, we might want to move on to the home builders’
section.

Home Builders
Home. Humans live in haciendas, condominiums, yurts,
apartments, cottages, and all kinds of dwellings requiring
careful construction. Most of us have seen an animal home of

some type—a birds’ nest, a spiderweb, or perhaps a fox’s den.
We have even stumbled across anthills and wasps’ nests, and

we have been bitten or stung if we disturbed the insects! Yet
the humble anthill is more than just a hole in the ground, and
in its own way, the wasps’ nest or beehive displays as much
detail and design as a Renaissance fresco.

Inside the display, we view a cross-section of a beehive

under construction. The honeybees secrete their wax as

building material in order to craft the perfect hexagons for
each cell. Each hexagon is symmetrical and identical to the

surrounding ones. Female worker bees construct the cells in
the honeycomb with nothing more than wax. The “rooms” in

this bee home are varied: pollen storage cells, worker cells,
drone cells, and the peanut-shaped cells for the queen bee,
which are the only cells that are not hexagonal. The worker

bees consume eight times their body weight in honey in order

to create the cells and the overall honeycomb. Each honey-

comb is constructed according to precise geometric angles.
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They are so precise, in fact, that even mathematicians miscalculated them. Bees are not capable of doing math or using a
slide rule or protractor in order to measure. How, then, can the
bees design with the efficiency of Frank Lloyd Wright?

Leafcutter ants have their own engineering achievements.

Their exhibit might look like simple tunnels running through

the soil—tunnels stuffed with sickly-looking fungus—but

there is more to this huge nest mound with its chimney or
vent-like openings. The ants have moved forty tons of soil to

construct these chambers full of fungus as well as the subterranean highways that connect the main chambers with nurs-

eries, trash pits, and side roads. The ants move through the
fungus easily and feed on it as they make their way through
this city, an ant metropolis of twelve million. The enormity

of the population stuns us. Over twenty rooms are home to a
complex society of worker ants, a queen, waste workers, harvesters, and so on. All these ants feed on the fungus filling the
tunnels.

Even the fungus can serve to educate us. The ants’ unusual

décor has a natural origin: the eucalyptus leaves that the ants
systematically cut and strip from the eucalyptus trees planted
above the subterranean ant city. The ants carry the leaves of
an entire eucalyptus tree back to the nest and chew them into

salad-size pieces, on which white fungus grows. This fungus is

the ants’ food source, their own homegrown crop, if you will.
In fact, the entire design of the city facilitates the fungus farm:
the vents prevent carbon dioxide buildup and help to circulate

fresh air, while the waste workers manage the colony’s food
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disposal in the waste pits located on the outskirts of the nests
or in towering heaps aboveground. How the ants can engineer
such a sophisticated fungus-filled nest boggles the mind.

Ants are not the only animals that have this ability. In

fact, African termites can build dirt mounds equal to 180
stories tall—almost as tall as the Burj Khalifa in Dubai. Those

megastructures contain another superior ventilation system:
tunnels that conduct hot air to the surface while winds blow

cool air and oxygen into the upper mound and down to the
underground nest. The termites have constructed a mound
made of breathable material (a mix of dung, saliva and dirt)

with multiple openings, which cools the termites dwelling in
the underground nest. We wonder just how well we could live

underground in these “termite condos,” or whether we could
even construct them without scale drawings or architectural
plans!

In fact, architects have created green, eco-friendly build-

ings in Zimbabwe and Australia using the simple but elegant
climate control system of termite mounds. Contemplating the

inspiration drawn from the gecko, the birds, and the dogfish
shark, we realize that animal capabilities inspire man. This
includes the ability to adapt to extreme weather.

Weatherproofers
Emperor penguins, which most everyone is familiar with
from films, and smaller Adelie penguins, which stand 70 cen-

timeters (27.5 inches) in height and just come up to my knee,
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swim in the waters surrounding their icy environment. Part of
the ice gives way to black sand, but for the most part, the envi-

ronment is typical of the Antarctic. We are cold beyond belief,
but the Adelie penguins that move from the water to the ice
with ease (they are expert swimmers) seem unbothered. They

waddle with their jaunty, all-black tuxedo tails spread out
behind them.

“Why don’t they fly?” someone asks. “They have wings.”

“They’re short compared to the rest of their body,”

someone else observes.

While pondering what penguins can’t do, we observe

their strengths closely. After all, we are the ones shivering in

freezing temperatures while the penguins huddle together for
warmth.

“Don’t their feet and legs get cold?” one of our question-

ers asks as we all huddle together, taking our cue from the
penguins.

If we were to x-ray the penguins’ legs right now, you

would see that unlike the muscles in your arms, legs, and feet,
the muscles that connect to their legs and flippers are located

inside a layer of belly fat. This protects them from temperatures as cold as minus 1.9 degrees Celsius, or 28.5 degrees

Fahrenheit, which is the freezing point of the seawater that the
penguins swim in. The flippers and legs don’t freeze because
their tendons are like puppet strings controlled elsewhere by

their muscles located in regions at normal body temperatures

which keep operating despite the most extreme temperatures.
In addition, if you were to observe the penguins’ circulatory
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systems, you’d see that the blood flowing to the flippers and

legs cooling the blood off is reheated as it flows away from
these extremities back through the rest of the body keeping

the penguins warm. The penguins can adjust the blood flow
to the most vulnerable parts of their body and keep them just
above freezing. That’s all they need to continue their activities

of fishing, sitting on eggs, and diving out of the water onto
the ice.

Imagine: penguins can actually control the blood flow to

their feet. This impresses everyone. We watch as the penguins

in the huddle get a bit too warm and fluff their feathers out.
The penguins can control their body temperature with movements of their feathers, which also repel water.

We leave the penguins behind and enter another glass

enclosure, which is partitioned into several miniworlds. A
black scarab beetle perches in a dry crevice in a dead tree

covered with ice. Its eyes have a thin film of frost, but the

black scarab never gets cold in its eyes or anywhere else. In
addition, the ice never drains the moisture from the beetle’s
body. In other insects, ice can kill body cells, but the black
scarab is immune. How is this possible?

This little beetle from Alaska carries within its cells an

enormous nonprotein antifreeze molecule that blocks the

ice crystals. They can neither grow nor penetrate the beetle’s
defenses because that molecule holds the ice back. You might

be shivering if you were sitting in that tree, but this beetle is
fine. In some cases, it can survive temperatures of -76 degrees
Celsius, or -104 degrees Fahrenheit.
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Next door to the Alaskan beetle is a piece of the Sahara

Desert. Through an opening, we can feel the Sahara summer

heat reaching temperatures of fifty degrees Celsius, or 122

degrees Fahrenheit. A genus of ant called Cataglyphis withstands the heat and sunlight that bakes the remains of a black
desert beetle. The Saharan silver ant, as it’s also known, has

different ways of avoiding the deadly effects of heat. The ant

moves carefully away from sunbeams toward the entrance hole

to its nest. Several more ants follow. They have heat radar;
they automatically know where to go to avoid the heat. The

ants move quickly, raising their long front legs and sprinting

on their other four legs. Someone remarks that the legs are
more extensive than, for example, the weaver ants’ legs.

Look at the distance between the ants’ bodies and the

scorching sands. The legs keep them from contact with the

sand, and when they are running, those back legs somehow
help them achieve greater speed. It’s an intriguing trick. They

use this gait on their daily forays to scavenge, a dead mouse,
for example, or the remains of that Saharan beetle.

On these food-finding trips, these ants release a “heat

shock” protein just before leaving the nest. You drink bottles

of water, grab an umbrella, or put on cooling sunscreen
before leaving the house, but you usually have to check the
weather. These ants know what the temperature will be and

they protect themselves for the short time they’re exposed to
extreme heat. No wonder they’re called one of the most heatresistant animals.

A visit to the African Namib Desert south of the Equator
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reveals the tiny, flying saucer-shaped trench beetle digging

small trenches in the desert floor. Fog winds from the Atlantic
deposit precious water in the trenches which is recuperated
from the sand. Other trench beetles adopt a heads-down

posture facing the wind with the fog condensing into droplets
on their disc-shaped, off-white carapaces. These droplets then
run down to the beetle’s mouth, allowing it to drink water

and cooling it during summer temperatures of forty degrees
Celsius, or 104 degrees Fahrenheit. Those are called catchments, and they are a feat of human-like engineering.

Again, “nature originates, man copies.” Scientists are

studying the Alaskan beetle’s protein antifreeze and the wood
frog of North America, which can store urea and glucose
(sugar) in its cells in preparation for winter and in order to

prevent its tissues from shrinking during sub-zero temperatures. These species preserve themselves without thinking
about it, in response to stimuli and triggers from the environ-

ment. How do they do this? At the same time, man needs

to design and develop ways of freezing biomaterial, including

cells and tissues, for scientific study and medical applications.
This is a project undertaken by no less an institution than the
San Diego Zoo, which reflects our zoo’s respect and admiration for animals.

We are remaining here for a while in order to explore and

learn, because the questions of animals’ capabilities still linger

in our minds. Lions hunt, butterflies migrate, bears hibernate,
geese fly in an unmistakable V formation, and cheetahs run.
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Cheetahs are built for speed, and have inspired prosthetic leg
designs for runners who have had legs amputated.

We watch the chimpanzees, the rats, or the warthogs in

their exhibits and we imagine the un-animaginable: in the end,
do these animals match man in intelligence even as they surpass

him in the abilities to resist cold, build cities, and fly in ways that
inspire poetry?

Galacti’s Interlude
The central question of The Explanation series is: “How would
you bring peace and prosperity to Earth?”
Galacti is musing.

“In that case,” he says, “with regard to the Inventory of

space, atmosphere, water, land, flora, and fauna (the chapters

we’ve just covered), the fact is that this question is redundant.
It really is a nonissue.”

The bottom line is that if we simply left all of these

elements alone to run themselves, so to speak, there is an

unfathomable process called the balance of nature that would
systematize peace and prosperity. Over many years and in the
case of natural catastrophes this equilibrium does have its ups
and downs; nonetheless, the result has been the incredible

biodiversity we witness around our Earth. It has essentially
established a natural harmony between the material, earthy
elements and the living plants and animals. Water creatures in
rivers and seas thrive, having a multitude of resources at their
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disposal. Fowl and insects interact with the earth and flora
to give us the fertility and beauty of the lush landscapes and
forests that we can still see in pristine regions of our planet.

It would be like a wild, unattended garden: exotic, but in

a sort of colorful disarray. In part, it would be like walking
through a majestic, magnificent jungle, like the Amazon in all

its splendor. If you were going to live there as a human, you’d
want to do some planning and adjust the environment for
human comfort.

And that’s where man comes on the scene. That’s where

our central question takes on all of its significance, because
humans are especially devoted to bringing peace and pros-

perity to Earth. Man can enhance or degrade the balance
of nature; he can even improve that landscape and jungle

in the same way that he can create an exquisite Japanese or
English garden. He can use or abuse Earth. There’s much to
be said about this in Audit of the Universe, book two of The
Explanation.

For now, however, we continue to take Inventory of the

Universe as we broach the subject of this unique creature—a
human being known as man.
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H UMAN LIFE

Imagine the human element.

I understand you had fun—I think that’s the word—
“S am,
writing this chapter.”

“Well, Galacti, to tell you the truth, yes, this chapter, even

more so than the Space chapter, was a difficult one to write.
As you know, we’re doing the Inventory of the pieces of the

universe, and I’m trying to make it as understandable and
readable as possible. When it comes to explaining the composition and processes for the construction of life, it’s downright
complicated.”

“How so?”

“I thought I’d just lay it out starting with the five basic

elements and take it step by step, but it just isn’t that straightforward. Simply trying to understand terminology like nucleotides, codons, introns, exons, mRNA—I could name scores

of such terms—is an exercise in itself. I have a new respect for
scientists and technicians involved in this field. At one point

I felt like organizing a challenge to find someone who could

diagram the process of life—someone who could draw, in
multiple sequential illustrations, how physical life functions.

“In fact, if one of our readers would like to pick up

the gauntlet, I’d be delighted to entertain infographics for
TheExplanation.com, the idea being to simplify the
161

INVENTORY OF THE UNIVERSE

complexity of the life processes insofar as it’s possible.
Right now, I’ll have to make do with prose. Here we go.

“Each one of the 100 trillion cells in our bodies contains

twenty-six chromosomes that encompass about 21,000 genes.
Each gene contains between 10,000 and 150,000 base pairs
that serve as the building blocks of our DNA and total over

three billion pairs of nucleotides, each of which in turn is com-

prised of various combinations of two out of only four bases in
the entire structure—not to mention the sugar phosphate to

which they’re attached—in a very organized sequence known

as the human genome. Each of these four bases (A, T, C, and

G) is composed of up to five basic elements (C, O, N, H, or
P).

“On top of those numbers, there are four hundred distinct

types of cells (lungs, mucous, eyelids, etc.) for a total of some

100 trillion cells (one followed by fourteen zeros), of which 20
to 70 billion die and are renewed each day. These are general
figures because they differ for children and the elderly, considering the aging process.

“Hundreds, thousands, and millions of timely processes

are taking place night and day. This is the ultimate in chro-

nobiology: the notion of very complex biological procedures
and the clock being in the right place at just the right split
second. It’s so much more than simply mixing a few chemical

elements together. Timing, the instantaneous coordination

of umpteen intricate systems, is a decisive ingredient we
cannot omit.”
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Galacti, rather pensive, utters, “Those figures are stagger-

ing. I’ve seen toy skeletons that youngsters can manipulate

to see how the body is held together, but let’s imagine a 3-D
puzzle of the elements and massive quantities of the parts of

life. Imagine a fourth dimension where you are able to see

each of these miniature factories in motion with their pro-

duction lines delivering molecules and combining them into
DNA, cells, and organs. How fascinating.”

“Well, Galacti, I’m hoping that our readers will take a

little time to think about just that. You now understand that
this is the raison d’être. The mainspring of this first book of

The Explanation is to see the amazing puzzles within puzzles,
the organization within organization, the coordination within

coordination, the harmonization within harmonization, and
the synchronization within synchronization that this startling

number of puzzle pieces must contain in order to function
with peace and prosperity and compose the final precision
picture, in this case a single human being.

“To speak in terms such as function and to refer to sheer

numbers is inadequate to describe the processes that are performing like a battalion of flying trapeze artists in total sync

in our bodies, in human life, in flora, in fauna, and, indeed, in
the universe. The full gamut that I’m doing my best to help us
picture and imagine is breathtaking and awe-inspiring.”

Consider the fundamental question posed by The Expla-

nation series: “How would you bring peace and prosperity to
Earth?” When we think of that, we tend to think in terms of
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human relationships and physical wealth. But this question
encompasses much more than what initially meets the eye.

As hinted, this chapter is about life and especially human

life, which we could sum up with the general terms body and

mind or soul. I believe that’s the area where all humanity

really wants peace and prosperity. We want healthy bodies
and healthy minds. In fact, how can you have total worldwide
peace and prosperity if you don’t have it first on an individual

level? This is far beyond political and economic peace and

prosperity and is what we long for most of all, especially when
a body or mind process goes awry.

“But how can they go awry?” Galacti wonders. Great

question.

Inventory, this first book, this narrative of our universe,

takes us beyond numbers so that we stop and consider who

we really are from the point of view of a human being—one
of seven billion animated humans in one inanimate universe.

Life Is Complex Simplicity
The virtual circle, which arcs from elements to DNA and back

again, involves just the five key atom elements we spoke of—C,
O, H, N, and P—and an estimated fifty-five others; moreover,
the secret is in the way those elements are put together! It’s
not easy to unravel the factory processes—note the emphasis
on that last word—that take place simultaneously and suc-

cessively to bring what we’ll call “just in time” ( JIT) results.
164

HUMAN LIFE

To an uninitiated person, attempts to explain the concepts
quickly get into complex terminology and explanations.

Here’s an example: The simple definition of what a gene

is has become very multifaceted over the last ten years. Just go
to Genome TV on the Internet and listen to the specialists
describe its physiognomy. It’s no longer a simplistic section of

a chromosome that explains why you have the color eyes, hair,
and skin that you do; it’s much more.

We’ve come to realize that the so-called 98.5 percent of

junk DNA actually has editing, splicing, and even cognitive
features, in the sense that they code genes to form certain

functions as they’re needed. We recognize that DNA has a

top-down approach to transmitting information that orches-

trates the notes of the biological chef d’oeuvre in distinctive
unique directions. This is where chronobiology is witnessed

at its supreme. What do I mean by that? Think of DNA as

having internal clocks, each set to the life cycle equivalent of

what time it is in Paris, Rome, New York, Hong Kong, or
Tokyo. These timers help juggle the millions of elements in a
DNA chain, with instantaneous and meticulous exactitude, to
produce various types of RNA that in turn combine the amino

acids into the lengthy folded proteins that are propelled to the
four corners of your body to keep life running.

“So what I hear you saying is that the processes of life are

also like a giant kitchen with lots of timers to keep everything
on schedule,” Galacti says.

“Yes, Galacti, that’s our overview.”
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In a really simplified linear representation of life processes,

this is how it might look:

basic elements  nucleotides  amino acids  proteins  genes 
chromosomes  DNA  RNA  prokaryote cells  bacteria 
eukaryotes cells  stem cells  specific cells  flora  organs 
fauna  humans

But in reality it is anything but that simple; it can’t be

presented in a linear fashion. Our disturbing question comes

up time and again: which came first? For instance, proteins
produce amino acids while already having amino acids as part

of their own structure. In a flowchart or organizational chart,
which do you put first? Generally you’ll find amino acids first

because they’re less complex than proteins, but that’s only a
small part of the story.

“Sam,” Galacti interjects, “you’re presenting life processes

in a linear fashion, but we have to understand that they’re all

simultaneously interlaced. I might add that if we remove any
part of a life-giving process or the process itself, the chain
breaks down.”

Elements to Molecules
Let’s start by building a basic molecule, a group of atoms, called

a purine, which is the basis of both adenine and guanine, two
of the four bases in DNA.

“Sam, you’re losing your readers on this one,” interrupts

Galacti.
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“I know, and in one sense that’s why I’m doing it. This is

fundamental biological chemistry, and the point I’m trying to

make here is that, even beginning with the simplest of atoms,
life is hypercomplex. If readers want to study this subject

further, why not? My intention here is not to give a chemistry
lesson but to show just a few steps to acquire the very first
molecules necessary for the life process.”

“Okay, I guess you know what you’re doing. Go on.”

Above is an image of a purine, a ring composed of

nitrogen (N) and carbon (C). These two building blocks of

this molecule join together from five separate sources: aspartic

acid, formate, glutamine, glycine, and HCO3 (bicarbonate).

There are various processes by which, firstly, each of these

sources obtains its atoms and then, secondly, contributes them

to the purine. This is known as biosynthesis, and each of the
multiple processes is called a pathway.

For instance, several pathways can lead to the forma-

tion of the glycine molecule (C2H5NO2), which, as we see

in the diagram above, in turn contributes N and C-C to the
purine molecule. Molecules can obtain these atoms by syn-

thesis—building from scratch (which involves other various
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processes)—or by metabolism, breaking down an existing
molecule (yet other processes). This building up and breaking

down, this exchange of atoms between molecules is going on
nonstop and millions of times per second, even as you read
these words. That’s life, as we say.

My point in using this example is not the chemistry, which

even scientists have enough trouble unraveling. Instead, it is

the complexity to produce just one of the billions of molecules
in our bodies each and every day of our lives.

“Most people don’t think about purines, but they’re every-

where in the human body,” Galacti says.

Nucleotides and DNA
Galacti leads us to lab displays that beckon us to study

them. We move to a presentation that, at first, seems to be

some sort of secret code: hundreds of combinations involving
only four letters—T, A, G, and C.
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As we watch an

adjoining

display,

a

familiar ladderlike spiral
structure

appears:

the

DNA molecule, the code

for our lives, passed on to
us by our parents. While
we all have heard of

DNA in science books,

in detective shows, through the Human Genome Project, and
in the doctor’s office, we may not have had the opportunity to
study it up close and appreciate its structure.

DNA, or deoxyribonucleic acid, is a double helix of

nucleotides, each containing the crucial elements carbon and

nitrogen. Remember the base pair letters A, T, C, and G that
we referred to? Weak hydrogen bonds (like hyphens) combine

these letters in specific combinations: guanine (G) with
cytosine (C) and thymine (T) with adenine (A). G and A, we

learn, are the purine molecules from the previous section now

moving on to their next sequence. We observe the elegance

of a double helix of a DNA molecule winding in front of our
eyes, and for our edification the letters A, T, C, and G are

highlighted. The length of the DNA chain or human genome
is over three billion base pairs, each half attached to a sugar

phosphate backbone. Think about the sheer coordination of
atoms with weak bonds in the middle and solid bonds on the

spiraling rim that creates one of the molecules of life. As a
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result of the coordination, DNA achieves its two purposes: to
store the genetic library of information and to produce, from
that library, life elements called amino acids.

Amino Acids
In a computer simulation, we see combinations of nitrogen,
hydrogen, carbon, oxygen, and numerous other atoms that
make up our body. When bonded together, these molecules

form about five hundred chains called amino acids, of which
only twenty are the building blocks of proteins. Why only
that many? Why those specific ones? As a starting point, we

have heard that certain amino acids contribute to emotional
well-being and also cause that sleepiness we feel after we eat a

festive meal. A well-known example is tryptophan, an ‘essen-

tial’ amino acid we obtain through our diet because the body

doesn’t synthesize it. Another example is glutamic acid, this

is nonessential—the body does synsthesize this amino acid—

which acts as a neurotransmitter and is important in learning
and memory. However, we haven’t given much thought to
amino acids and the important role they play in human life.

We watch as N, H, C, and O join forces via complex

pathways to create cysteine, serine, histidine, tyrosine, glycine,
and the hundreds of amino acids that our body needs for specific
functions. Remember that the glycine molecule helped form
adenine and guanine. We now find it being developed by the

very same item it is part of; thus, we see a fully functioning cycle.
Another way of expressing this virtual circle is to remember
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that these amino acids combine, creating mosaics of different
proteins for which the information or translation keys to their

sequences are found in the nucleotide base pairs that form the
genes, the chromosomes, and ultimately the DNA strands. As

suggested in previous sections, the proteins are the means by

which their very own amino acids are formed, so you can’t
have one without the other.

To make matters more convoluted, DNA is only the

recipe book; by itself it can’t produce amino acids or proteins.
To continue the analogy, simply opening a cookbook won’t

produce a finished cake, just as the specifications for an automobile, on their own, won’t assemble thirty thousand parts

into a car. There has to be a way to interpret “1/4 cup nuts,

chopped” or the precise instructions for wiring spark plugs.
Similarly, something has to interpret which amino acid is

being coded. To make a full circle of amino acid production,
protein synthesis, and ultimate DNA reproduction, there are
three steps: transcription, translation, and protein folding.

Protein Transcription—A Reliable Copy
A display on the following page shows our DNA double

helix separating into its twin nucleotide strands. One of the
DNA strands acts as a template as its nucleotides pair with

the precise sequence of RNA nucleotides or ribonucleo-

tides, supplied by the cell nucleus factory with JIT delivery

to produce the aligned base pairs of adenine, uracil, cytosine,
and guanine.
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JIT delivery is not the only incredible phenomenon that

is taking place. Notice that Uracil (U) has replaced Thiamine

(T), and there’s a further paring down during the transcrip-

tion as introns—extra sections on the RNA strand that are
unused in the coding of the protein—are removed and the

remaining coding segments, called exons, are spliced together.

Finally, what we’ll call GO and STOP nucleotides,

specific sequences located at the beginning and end of the
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RNA sequence, decide the layout of the template strand. GO
and STOP tell the RNA enzymes that the DNA information

has been transferred or transcribed—think of transcribing the
notes of a conversation for a book—into the RNA, so that

the RNA primary transcript is released and is now known as
mRNA or messenger RNA.

Galacti shakes his head. “Wow, all that just to start the

protein assembly.”

“Yes, and there are plenty of other JIT deliveries to come.”
This messenger RNA now contains its own genetic infor-

mation but is unstable in terms of storing it long-term, so it

must transmit the genetic DNA material to proteins in the
second step.

Translation—From Information to
Construction
The mRNA, a long, slender carrier of the instructions,
leaves the cell nucleus and enters the cytoplasm, the gel-like

substance inside the cell where all its organelles are found.
Galacti points to other molecules that have just arrived: tRNA

(transfer RNA) with their cloverleaf design and specific triplet

bases, which were also transcribed from the DNA following
singular pathways. We watch as each one “loads” an amino
acid.
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“Do you know where the amino acids come from?” asks

Galacti.

“Various sources. They can come from our food digested

(metabolized) into amino acids that join the pool of amino
acids in our blood stream, or these amino acids can be built
from scratch, from simpler molecules, by other processes.”

The amino acids are transported by specialized protein

from the nucleus or via the blood and enter through the cell’s

membrane, but they’re here JIT to be bonded to their one and

only—out of twenty—corresponding tRNA for this lifelong
supply chain of protein synthesis.

The 2013 Nobel Prize for medicine was awarded to three

scientists for bringing to light the mechanism for JIT delivery
at the right address of molecules traveling into, out of, and

within a cell, like the crowded, tangled streets of a major city
during rush hour.

Scientists have discovered that simultaneous to this

delivery, a tiny granular engine called a ribosome binds to
the mRNA and reads the recipe for the protein: a sequence

of hundreds or thousands of amino acids. As the ribosome
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moves along the mRNA, it’s alerted to each three-nucleo-

tide sequence—called a codon—and binds the corresponding tRNA anticodon with its triplet code into its correct

position. The tRNA breaks the bond with the amino acid,
releasing it to join with the previous amino acid. Subsequently, it vacates its position as the next tRNA arrives to
release its amino acid and so on, building the protein chain

with peptide bonds. Both the tRNA and the ribosomes
have inherent proofreading mechanisms to keep errors to

a minimum. Once the end codon is read, protein synthesis
ends, and voilà. We see before us, labeled by Galacti, a diges-

tive enzyme, which is released for the next step. We think
about how smooth the process seems and how twenty differ-

ent amino acids, depending on their number and sequence,
can combine to create an estimated two million different
kinds of protein in our body in this way, based on the original
instructions in DNA.

Just as the Human Genome Project mapped the entire
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composition of DNA, another major biology breakthrough
is the Human Proteome Project, which aims to complete

knowledge of the human proteome or map at the tissue level
of all the proteins to reveal, as they put it, “which proteins are
present in each tissue, where in the cell each of those proteins

is located, and which other proteins each is interacting with.”
Realize that one million proteins are encoded by about 20,300
genes and that scientists do not know, as of now, which cells in
a specified tissue are producing which protein. The Proteome
Project research will be a huge step forward to understand the

working mechanisms for both health and sickness. But we
must return to the story of DNA.

Protein Folding
These proteins, long chains of amino acids, represent 75

percent of the dry weight of our bodies and must go through

an additional step to be crafted or folded in a particular way
so that they can form different structures. Both synthesis and

folding are essential; in fact, folding allows the protein to
perform its specific function in the body.

In the cramped confines of a cell where a protein chain of

thousands of amino acids is assembled in seconds, thousands of
proteins are being constructed simultaneously. On leaving the

ribosome factory, a protein is escorted by chaperone molecules

to prevent it from entangling with other molecules. Then the

folding pattern is defined by the innumerable attractive forces
of atoms within the polypeptide chain; think of these atoms
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as making up a mechanism like that of a 3-D printer. Some
chains of one hundred amino acids can fold in one ten-mil-

lionth of a second (a microsecond), with others able to fold in

the thousandths of seconds (milliseconds) to configure their

final complex structure. By comparison, to simulate just fifty
milliseconds of folding would take even the most powerful
computer about thirty thousand years. There are many fascinating aspects of protein synthesis, but this practically instanta-

neous folding into thousands of elegant 3-D geometric figures
is something I find mystifyingly intriguing. I suggest you watch

a video that I provide a link to in the references at the end of
the book and on www.TheExplanation.com.

Why these specific shapes? These three-dimensional

structures can be compared to machines that are the workhorses of our bodies. For instance we talk about osmosis or
semipermeability of a cell membrane, which allows certain
amino acids to enter. There’s a protein that is actually shaped

like a pump with its attachment to the cell wall that controls

such comings and goings. Interestingly this pump is one of

twenty thousand similar protein machines, and it’s the continual modification of the shape that actually makes each
machine perform its action. In other words, the amino acid

really moves like a pump. Today we can watch these “machine
proteins” in motion. (See the links at end of the book.)

Galacti adds an analogy that puts proteins in a new light.

“Compare how proteins labor in our bodies to the multitude

of machines it takes to run an international airport smoothly:
escalators and signs for channeling passengers, passport and
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security controls, baggage transfers, verified stickers for each

flight, freight loaded into containers and aboard planes, and
flight controls are all automatically triggered and perfectly

coordinated. Think about plane arrivals and departures, use

of runways depending on wind, handling delays, lost children,
and schedules. Even such mundane but essential items like
airport washrooms need to have their plumbing, faucets, and

other parts repaired and maintained. The list goes on and on.
The millions of parallel protein machines constantly modify

their shapes in a very precise way to power your body, each
turning on and off and performing its action on command

when your brain consciously or subconsciously sends a signal.”
The variety of possible proteins and the billions of JIT

combinations of amino acids and folding configurations that
serve as enzymes, hormones, and cell and body machinery is
something we’ve never considered—and this is just in one cell
providing DNA instructions!

We ponder each cell replicating this process every second

and the additional realization that each gene can produce

multiple proteins within the cell. However, one cell can’t be
important to human life—or can it?

Cells—Body Building Blocks
The average human going through his or her humdrum daily

routine might think that a cell isn’t vital to a human life since
we are essentially composed of 100 trillion cells, but we have
had eye-opening discoveries so far.
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Cells are the simplest form of life, and we want to explore

them further, starting with blood cells. Our adult human

bodies have twenty to thirty trillion blood cells that are seven

microns in diameter, the width of a strand of spiderweb silk,
circulating in our bloodstreams. These blood cells and our

nerve, bone, and skin cells are primarily composed of oxygen,
hydrogen, carbon, nitrogen, potassium, magnesium, zinc,
copper, silver, gold, and many other elements, including radio-

active isotopes or variants of elements from our environment,
such as thorium, uranium, potassium-40, radium, carbon-14,
and tritium. These ingredients are primordial, radioactive, and
toxic elements that originated before the formation of Earth.

We may think of all radioactive elements as dangerous,

so it may be a surprise to discover our cells contain them.
Potassium, for example, is the main radioactive element in

the human body and is not harmful; in fact, it is essential for
the function of all cells. This indicates how little we know or
think about the elements of life.

We learned about molecules, atoms, and electrons in the

Big Bang chapter and water in chapter 3. Now we are exam-

ining our own relationship with these concepts. For example,
our cells contain 99 percent water molecules containing

hydrogen and oxygen atoms and now we can see the hydrogen
bonds between the water molecules in the cell, making the

water highly cohesive so that it provides a stable environ-

ment for the chemical reactions to take place within the cell.
Since water has a high boiling point and low freezing point
because of its structure, water keeps the cell’s temperature
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from changing too rapidly. Water preserves the cell’s health as

well as its processes. For example, if the temperature of a cell
drops too rapidly, those amino acids we watched at the last
lab station will fail to assemble correctly to form the proteins
necessary for cell function and life.

We consider the qualities of water that allow the cell to

carry out chemical processes and dissolve most molecules. (The
exception is the lipids [fats] that make up the cell membrane.)
The process of osmosis transports water in and out of the cells

via specialized motor proteins in order to maintain the balance

of the constantly changing red blood cells. Osmosis is one of
the many reactions and processes that take place within the red
blood cell, which is just one of the four hundred varieties of

human cells. We ponder all those processes within your average
cell. The red blood cell is anything but typical, as we’ll see.

Inside a skin or bone cell, we see that its brain, called the

nucleus, contains chromosomes, or genetic instructions, as

well as proteins within the protective membrane of its nuclear
envelope. Although the instructions are similar for each cell in

the same way that workers in a factory use similar directions
to create products, the DNA contains different sets of instructions for blood cells than for bone cells. Similarly, your brain

provides different instructions for reading than it does for
operating a microscope. (We’ll explore this further in chapter
9.) The nucleus stores DNA and transmits the genetic infor-

mation. In addition, inside a region of the nucleus called the

nucleolus, mRNA and tRNA are assembled for the ribosomes.
The nucleus is a veritable genetic data processing center.
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What else, exactly, goes on inside a cell?

Cell Life Cycle
You have roughly thirty trillion red blood cells that circuit

your body about every thirty seconds and renew themselves
every 120 days. A simple calculation reveals that about three

million red blood cells die every second of your life. That’s
barely one cubic millimeter of blood, the volume of one-fif-

tieth of a drop of water. As Galacti says, “No need to worry.”
Rather, these figures tell us about the speed at which activity

is taking place in our bodies and that our body activities never
quit. For example, we actually lose over thirty thousand skin

cells per minute. These and other organ and tissue cells are
replaced by the process of mitosis: a cell dividing into two

identical daughter cells. You studied this in biology and can
review it if necessary. What I want to do is mention some

of the lesser-known cell life processes to make you aware of
some of the latest discoveries.

As we noted earlier, junk DNA is anything but, and even

the smallest detail has its importance. For instance, in cells
that have a nucleus, it’s not just the presence of a nucleus

with its organelles and DNA that is vital. Its shape and size,
which are managed by the lamina—the meshwork of filament

proteins that support the inner membrane of the nucleus—
can tell much about our health. An abnormally sized or
shaped nucleus is a possible indicator of sickness.
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It is also vital to know the anatomy of the cell nucleus.

Notice the rough endoplasmic reticulum (ER) with the ribosomes on the diagram below,those factories where DNA reproduction takes place. This is the continuity of the outer nuclear
membrane that,
via

the

thou-

sands of nuclear
pores, is in direct

contact with the
inner

nuclear

membrane

sur-

rounding the nucleus. In other words, the nucleus doesn’t

just float around the interior of a cell because the ER fully
encases it. When we talk about mitosis, the process by
which cells reproduce, the ER is especially important in the
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separation of chromosomes, which is part of dividing the
single cell into two identical daughter cells in the mitosis
process.

Most explanations indicate that the nuclear envelope dis-

integrates during mitosis. In fact, it is absorbed by the ER,
and both totally transform to become the tubules that join

end to end and form the long spindles that attach to the centrioles, the two end-zone points. At the center of the cell a
pair of spindles joins to identical halves of each chromosome

that will form the two daughter cells. The point is that the
organelles, the innards of the cell, have precise roles to play
and these roles change depending on the process.

The image we are generally shown of mitosis is of these

spindles and tubules strung
between the centrioles. The

two end points resemble a

rugby ball, and the spindles
and tubules get shorter and

shorter, pulling the chromosomes apart and each half

moving toward each end. The deeper picture is that machine
proteins are actually walking and carrying the chromosomes
along the tubules to their destination! This is pictured by

what I’ll call the “protein walking machine” on the top right

spindle in the diagram. Yes, with powerful microscopes we
can now witness these protein walking machines. In chapter
7 on the website www.TheExplanation.com, you can see
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amazing real-life and animated videos of this process. As the

walking proteins proceed to their end-zone destination, the
already-positioned sections of the spindle break apart and
ready themselves to reform the nuclear membranes and the
ER of the two new nuclei.

Generally, DNA that measures 1.8 meters (5 feet) is

unfolded. This is represented by the gray squiggly line in the
cellular lamina diagram on page 182. DNA is compacted
into the familiar twenty-three pairs of tightly packed chro-

mosomes for only a short period during the mitosis process.
We now understand and can record this compacting process,
which you can also see via the references at the end of this
book, as well as links on www.TheExplanation.com.

Imagine duplicating and verifying the integrity of a DNA

strand that contains six billion nucleotides (two strands of
three billion) in a confined space of ten microns, (the size of
dust or pollen) and then compressing the nucleotides into
forty-six identical packages, two by two, separating them into

two identical cells. This is equivalent to a strand of 3 billion

pairs of beads, 1.8 kilometers long, being duplicated, verified,
and compacted inside a soccer ball. Think about trying to do
that in sixty minutes without one error and without getting
anything entangled.

This information about life at the cellular and DNA level

is extremely enlightening, and as we explore it deeper and

deeper—or we could say smaller and smaller—it gets even

more mysterious. For this reason we’re taking a time-out to

remember why we’re broaching this subject of human life.
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It’s not just about DNA, genes, organelles, cells, and all those

chemical and biological terms that the average person hasn’t

really mastered. Frankly, out of the entire book, this chapter
was the most difficult one to write not only because of its

complex nature, but also because, as with chapter 9 about the

mind, science is abuzz with new discoveries that are turning
old ideas on their heads. Open-minded scientists are begin-

ning to speak out about how much more there is to life than

biology. Taking the five basic elements and creating an environment where they can come together to form a molecular
ensemble is an infinitesimal part of real life.

The role of The Explanation is to go beyond chemistry

and biology and take you both below and above that to reveal

how these and other sciences are tools that reveal the bigger

picture. In the next sections, we’ll look at apoptosis, stem cells,
transposable elements, and epigenetics. These are four areas
known by science, but each domain is a science in itself that is

only partially understood, each presenting enigmas of its own.
Dictionaries can give a clear, short definition of each discipline so that you can understand what area of life each deals
with. But what might appear simple and separate is in reality

known to be both complex and at the same time a well-oiled,
flawlessly functioning process.

I suggest to you that as we broach these four processes of

apoptosis, stem cells, transposable elements, and epigenetics,
along with the myriad of other biological body and brain

systems, we consider them globally as life. When we do this,
the flawless puzzle gets interesting because that’s where we
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want peace and prosperity. That’s what The Explanation is all

about. It’s not the chemical elements; cells; processes; organs;
or even the whole body, brain, and mind; it’s the Inventory of
the Universe.

To be candid with you, at the outset of my writing adventure,

I had no intention of writing Inventory and its upcoming sister

book, Audit of the Universe, in such a challenging way. Rather,
I was just going to dive in and directly answer the equally con-

suming question: “How would you bring peace and prosperity
to Earth?” But you know, you really can’t have peace of mind
and body if something is going wrong with apoptosis, stem

cells, transposable elements, and epigenetics and other aspects
of the universe. That might sound a bit preposterous, but one

bent cog can bring a precision timepiece to a halt. Similarly, a
minute mechanical failure can shut down a huge printing press
or factory or cause havoc in a large-scale operation.

Apoptosis, stem cells, transposable elements, and epi-

genetics are important, but they are only the cogs in the large-

scale operation. I would like you to see them as part of the
universe, part of the whole. Each of these is unique, and all

we know about them beyond that is what each process does.
They’re totally different, calling on different proteins and using

dozens and even hundreds of diverse pathways to perform their
functions, but all four are part of the big-picture universe.
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Programmed Cell Death
Cells don’t live forever in the human body; they have different life spans based on the type and function of the cell, from

a few days to a year or more. Certain cells in the digestive
tract live just days, while immune system cells can last for six

weeks and pancreatic cells up to a year. About 100 million

cells die every minute in your body, so death is an integral part
of life. This programmed cell death is called apoptosis—from
the Greek for “falling off ”—and it’s at work in the body even
before we are born.

When we think of

newly forming life in
the womb, we think of

the multiplication of
cells. Although there are

only a few dozen cells

that form the placenta
and embryo five days
after conception, from
there they grow expo-

nentially to form the fetus. At week nine the torso, head, arms,
hands, legs, and feet are clearly visible, and a couple of weeks

later, the fingers and toes are perfectly defined. We don’t stop
to think that for them to form, the cells at the ridges between

the fingers and toes die. Only specific cells in specific places

expire, while those directly adjacent are transforming into
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various skin cells, each with its specific functions. How is all
this governed?

Generation, growth, and death go hand in hand. In the

nine-month gestation period a human fetus undergoes the
death and replacement of millions of cells. Even brain cells
that rarely die in adults until we reach a certain age or suffer an

accident die in the womb! There is a pruning process among
cells as the fetus gets ready for the outside world.

Going deeper, this cell death not only preserves the

health of the fetus but also of you and me. Cells can become
damaged in various ways (e.g., infection, accidents, inaccurate

or interrupted replication) so that they are no longer capable
of assuming their role in the body. Such cells have an internal

self-destruct mechanism that takes them out of the normal
cell circuit.

“Is it too harsh to call that suicide?” Galacti asks. “Or is

it more like a machine that shuts down? I guess since you
talked about proteins and cells as machines; let’s go with that

analogy. In fact, we can think of cells as a car supply chain
that has to take vehicles damaged by hail, storms, or rough

handling into account. There has to be an organized pathway
of atomization and waste removal to handle such mishaps.”

Good point. Macrophage cells are like recyclers as they

engulf and ingest debris from a self-destructed cell or repair
and regenerate it to rejoin the supply chain.

Even before birth, the processes of life, death, and regen-

eration are intertwined and taking place simultaneously.
Bones, skin, and the digestive system are always remodeling
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as apoptosis—the death of cells—works hand in hand with

its counterpart, mitosis, to generate, renew, and resculpt the
body. Menstruation is apoptosis at its most intimate and
delicate, creating and then destroying the inner lining of the

uterus when a woman doesn’t become pregnant and then
regenerating the lining of the uterus every month. There’s

finely tuned chronobiology with JIT growth, JIT death, and
proper evacuation of the dead remains to cleanse the body and

prepare for a new cycle. Programmed cell death is responsible

for well-formed bodies as well as general health. For example,
200 billion red blood cells are formed every day, and thus, to

maintain the equilibrium in our bodies, 200 billion red blood
cells are also planned to die every day.

Galacti points out that this is true for animals, birds,

insects, and plants also. He cites the examples of a tadpole’s
tail cells dying as it transforms into a frog or of the programmed death of a larva to promote its growth into a moth

or butterfly. In plants, ripe fruit can easily be picked, hazelnuts separate from their husk, and leaves fall from trees in

autumn due to apoptosis—cells dying in specific locations

at specific times to allow this severance. This timed death is

an integral part of chronobiology that pervades the cyclical
rhythms of life.

Stem Cells and Differentiation
As we dissect pieces of the puzzle like DNA, proteins, and
apoptosis, let’s remember that the focus is on Life with a
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capital L. Revisiting the fetus in the womb, let’s think about

the fact that just one fertilized ovum cell multiplies into about

fifty trillion cells nine months later and into 100 trillion as
an adult. From that original single cell, toward the end of

pregnancy, will come the phenomenal production of 250,000

neuron cells per minute, readying the fetal brain’s synapses for
the multitudinous connections it will materialize after birth.

A few days after the original fertilized cell begins to

multiply, it is impossible to differentiate a fish embryo from
a human embryo, let alone to distinguish which cells will

become the bone and which will be the skin. This latter phenomenon, differentiation, is when a master cell called a stem
cell actually produces many different types of cells. Stem cells

in the brain can produce skin or muscle cells that are geneti-

cally identical but have their different, distinct functions.
Bone marrow stem cells can generate or regenerate liver and
nerve cells in cases of injury.

Stem cells were discovered in 1978, but it wasn’t until the

turn of the century that scientists realized they could manipu-

late stem cells by changing their environment to differentiate
them into other cells. “This has tremendous implications for
health as well as ethics,” Galacti says.

That’s true. But the question we want to ask is this: how

can one fertilized cell know how to become which one of the

approximate four hundred diverse cell types we have in our
bodies?

Stem cells are the body’s in-house physicians, dividing as

frequently as needed to repair organs. They can become muscle
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cells to repair your torn hamstring or brain cells or red blood
cells. Furthermore, stem cells have a dual function that no other
cells have. Think of them as sleeper cells, neutral without any

specific function, waiting until DNA signals them to divide,
sometimes after long dormant periods. They also become spe-

cialists under certain conditions—for example, dividing at a

furious rate and as frequently as needed to heal bone marrow
or gut tissue.

Alternatively, they can be called into action in extreme

cases, like repairing heart tissue. We wonder, as we think about

stem cells becoming red blood cells to be pumped throughout

the body, why no one understands how stem cells become these
various types of body cells. Moreover, we remember that some
cells can’t divide because they don’t possess nuclei. Red blood

cells are the prime example. Without the stem cells, and the

DNA and genome that code for them, humans would have no
capacity to replenish their blood supply.

As we look at images of blood, the atmosphere, and stars,

we realize once again the vital role of each of these components

of the universe; cell division ensures that we are here, living,
breathing, and walking. It takes more than blood to make a
human, and yet, looking at the red blood cell, we think about

human life and life itself. Move our hands, prick our fingers,
or breathe, and we know that cell processes and the elemental

atoms in DNA are at work right now, as are the vital elements

of life, including the oxygen we breathe. The question is how.
Are genes the answer?
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Transposable Elements and Jumping Genes
I’m going to revisit the 98.5 percent of junk DNA that
is anything but. The 20,300 genes found by the Human
Genome Project were a surprise because it’s considerably

less than some insects, and scientists consider that number

not high enough. But the next major project, ENCODE,
the Encyclopedia of DNA Elements (2003 through the

present), sent the field of genetics into a tailspin in 2012

when they published findings that consider 80 percent of
DNA biologically active, a total flip-flop from the so-called

largely junk DNA. Our extremely active DNA has to do

with a concept called transposable elements. As usual, this is
a term difficult to comprehend by laypeople and one of the
lesser-known facts of genetics. It was something I had to dig
deep to find information on.

It is still widely believed by the general public that “once

a DNA string, always a DNA string, and once a gene, always

a gene.” DNA and genes are inviolable in the sense that there
is no change that takes place within these entities and that

we inherit the same genes our mother and father inherited

from their parents all the way back in time. I thought this,
too, until researching this book changed everything.

Since 1945, when Barbara McClintock discovered trans-

posable elements, also known as jumping genes, we have

recognized that both DNA and genes are far from written
in stone. Today, following ENCODE, we now realize that
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the 80 percent of DNA, including nucleotides and other
segments in genes, that we once considered to be unmodi-

fiable and immutable genes is in fact plastic and flexible,
both with regard to its composition of nucleotides and its

position in the double helix DNA strand. This is also true

for RNA, which, contrary to opinion, is not an exact copy of
its DNA parent; transposable elements come and go in this
intermediary stage for the translation of a partial new strand
of DNA.

Transposable elements are both autonomous, initiating

their own replication as they see fit, and nonautonomous,
needing the stimulus of other transposable elements or
proteins in order to enter further stages of their own replica-

tion, and they become autonomous and activate with these
following stages of development.

Galacti has his own conclusion. “It’s almost as if trans-

posable elements have a mind of their own, like a number of
the life processes you’re enumerating, Sam.”

Exactly. On the other side of the coin, there are also

transposable element silencers. An example is short interference RNA (siRNA), which is a safeguard that interrupts
RNA production when it detects the presence of pathogenic

jumping genes. The complexity of their fabrication pathways
and interventions is such a new discovery that it’s only now

being investigated. There is hope that it will lead to therapeutic breakthroughs like gene knockdown whereby negative

effects can be silenced. My key point here is that the more
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deeply we investigate life processes, the more complex they

get. Remember, scientists are awakening to the real purpose
of the about 80 percent of DNA that was considered junk.

“In that case,” adds Galacti, “what surprises might the

remaining 20 percent hold for us?”

To add to this complexity, we know that environmental

factors, which also include what we refer to as social behavior,
like family and school settings, play an important role in this
incessant transposition of the hereditary elements within our
chromosomes.

“You’ve got something more on your mind.” Galacti can

read my behavior by now, and he knows I have something to
say. “What is it, Sam?”

“It may be too early to say this, and I should save it for

when we’re further along in The Explanation, but frankly the

nature-versus-nurture debate is over. I’ll come back to this
later in the next section, but it is not one or the other of these
two factors that make each of us the individuals that we are.”
“Wow, that is a bold statement,” Galacti says, impressed.

“It’s meant to be, because we’re asking bold questions

here.”

In our quest to understand physical life, the how and why,

the individuality of each of us, the seven billion that inhabit

earth, and even that of identical twins, we have to ask fundamental questions.

• With such interplay of nature and nurture, how can the
species of mankind be so distinct?
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• Why do transposable elements jump?
• How do they know where to insert themselves?
• With both addition and suppression of transposable
elements, specific human functions and characteristics

can be activated, silenced, or diseased. Since 80 percent

of our genome is biologically active it could go awry.
Why are we in particularly good health?

Back to the subject of this section. I like the term jumping

genes. It has something both playful and poetic about it, but

it is also a bit of a misnomer because of the concept of genes.
Genes still conjure up the idea of immutability, whereas transposable elements are bits and pieces of DNA taken piecemeal

in an incessant scanning of our DNA. Genes, as such, are not

as permanent and indelible as we had thought in the past. Our

DNA and RNA are in a constant state of editing and splicing,
or one could say grafting and crafting. This notion of plasticity comes into play especially when we take into account our
next component.

Epigenetics
Above we discussed how DNA has a length of three billion

base pairs of nucleotides, which until recently included 98.5
percent of what we referred to as junk genes. The study of
this enormous extraneous segment of DNA is known as

epigenetics, “epi” coming from the Greek meaning “outside
of ” or “around.” Scientists now realize that these nucleotides
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outside of the genes actually regulate the genes themselves, via

chemical reactions, by turning on or off certain nucleotides in
the genes in DNA and RNA.

Whereas the traditional view was that genes alone deter-

mined heredity, we now realize that the environment affects

the 98.5 percent of nucleotides turning on or off certain
portions of the genes—hence the term regulation of gene

expression. Simply put, this means that a myriad of internal

body processes, as well as environmental factors (e.g., diet,
sleep, stress, etc.) have a direct effect on the nucleotides that
regulate how the genes express or process proteins that run
your body.

Here is one of the most comprehensible definitions of epi-

genetics I’ve seen from Thomas Jenuwein of the Max Planck

Institute of Immunobiology and Epigenetics in Freiburg,
Germany:

The difference between genetics and epigenetics

can probably be compared to the difference between

writing and reading a book. Once a book is written,
the text (the genes or DNA: stored information,
nature) will be the same in all the copies distributed

to the interested audience. However, each individual
reader of a given book may interpret the story slightly

differently, with varying emotions and projections as
they continue to unfold the chapters. In a very similar

manner, epigenetics would allow different interpretations of a fixed template (the book or genetic code)
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and result in different read-outs, dependent upon
the variable conditions (nurture) under which this
template is interrogated.

If there’s one point I’d like you to retain from this defini-

tion, it is the relationship between nature and nurture that

we spoke about and whether everything is genetically prede-

termined or whether environmental influences significantly
impact who we are. Both nature and nurture—transposable

elements and social behavior—shape life and our bodies,
brains, and minds. Both play much more interwoven roles

than we ever imagined, and we are only now beginning to
unravel them, if they can indeed be unraveled. For now we

know that both are in play. We know that related individuals
with the same DNA can be lightly or heavily influenced by

environmental factors. In this chapter about life, I am limiting
myself solely to physical influences.

All the universal phenomena we’ve elaborated in previous

chapters of Inventory are involved. For example, sojourns in

space and especially prolonged habitation, such as on the
International Space Station, affect the body; weather con-

ditions like too much rain or not enough daylight affect
melatonin and vitamin D production; drinking clean water

or carbonated sugar products causes fat cells to decline or
increase; and eating fresh, seasonal food or fast or processed

foods in various proportions provides or deprives the body
of vitamins and amino acids. Expanding this, we can say
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partaking or not partaking of animal products as well as the

animals’ origins and treatment has an effect on our protein and
hormone intake and resultant health. These and many other

factors like sedentariness or activity, city or country, coastal
or mountain, tropical or desert living, and so on affect our
epigenetic makeup. Genetics and environment play critical
interactive roles in our lives.

The simple examples of overweight, sedentary people or

smokers with breathing difficulties being able to change their

lifestyles and thereby, over a period of time, literally change the
physical state of their bodies by changing their habits, reveal the
impact of nurture in epigenetics. The term plasticity is made in
reference to the brain, and I will discuss this in chapter 9. For

now, I submit to you that plasticity is just as appropriate when

referring to epigenetics and the makeovers the human body

can undergo within a lifetime and even between generations.
Our bodies are malleable; when we step back a little to think

about what we put our bodies through, such as diets, pollution,
stress, heavy surgery, injury, change of lifestyle, and so forth, we
realize that this plasticity is not only a long-term property but
a second-by-second and day-by-day attribute of physical life.

A second point to cull from Jenuwein’s definition of epi-

genetics is that an “individual reader of a given book may

interpret the story slightly differently.” This is why fraternal

twins with identical DNA end up with different readouts;
they have various likes, dislikes, and experiences that give rise

to different interpretations of their original DNA. This is why
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even within our various races, nations, and ethnic groups with

their own physical traits, every person walking the face of the
Earth is an individual with his or her specific traits, which are
the result of the interaction of nature and nurture.

The concept in the last sentence is as earth-shaking as the

idea that noncoding regions of DNA play a massive role that

we’re only beginning to grasp in the regulation of what we are
and will become.

Galacti is marveling. “Since we now see that there’s plas-

ticity in gene expression, these multitudinous possibilities of
the mechanisms to express or suppress these various physical

traits of the body must all be there latently awaiting activation. I wonder how these characteristics, systems, and procedures got there in the first place.”

All I can say for now is that another discovery of science

is epigenetic marks. These are markers on various parts of a

gene that are comparable to volume control sliders on a music
mixer board that move up and down and amplify or silence

properties in a gene in conjunction with environmental influ-

ences that the body experiences. For instance, physical activity,
whether swimming or working, or nicotine intake can modify
these markers over time.

And so genes, or specific sections of DNA, establish our

hereditary traits with uncanny accuracy, but they are also
under outside nurture influences. Nucleotide manipulation
from the not-so-junk part of our DNA is induced both from

within the body and via external signals. Second by second,
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minute by minute, and day after day, the environmental expe-

riences we are subject to, or put ourselves through, penetrate
to these markers and modify gene expression.

Small wonder, then, that epigenetics has opened up whole

new areas to investigate. Science now recognizes that the

Human Genome Project was only the tip of the double helix.
A multinational consortium has been set up, and next in line

is the Human Epigenome Project, whose goal, as expressed

by their website, is to “identify, catalog, and interpret genomewide DNA methylation patterns of all human genes in all

major tissues.” Methylation is a biochemical process I won’t
develop here, but we now know that it plays a determining
role in embryonic development. To briefly explain, the embryo
is composed of one specific and famous, as well as controver-

sial, type of cell called an embryonic stem cell. From these
cells come all the other branch or daughter cells, as we discussed above: muscle cells, neurons, epithelium, endothelium
of blood vessels, and so forth. What we need to know here is

that the embryonic stem cells divide and are definitively and

stably differentiated by this methylation process that activates

or suppresses the expression of certain genes or gene markers.
The result gives rise to each of our specific tissues. Gene
expression is modulated by multiple regulatory sites located

both near and far and, according to the latest findings, even

within the gene itself. The DNA code and gene and protein
regulation are superlatively more multifaceted than we ever

imagined. We have more questions the deeper we go and the
more answers we obtain.
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Consider that the FANTOM project, launched in 2000

to establish a library of information about human genes, has

located hundreds of thousands of regulators (e.g., promoters,

enhancers, and repressors) that affect the expression of genes.
Research papers published in March 2014 attest to the levels

of complexity in the locating, gathering, and assembling of
DNA and RNA segments. The combinations that come from
various sections of the DNA, including from within what we

thought were inviolable genes and the not-junk genes, are
meticulously regulated.

“You’re repeating this theme, but there’s a progression

to it,” Galacti says. “Everything you’ve just pointed out tells
us there’s a highly organized and complex cell and protein
maintenance system in which at least 80 percent of the DNA

nucleotides participate. What we tend to call ‘gene expression’
is somewhat of a misnomer in that this expression goes far

beyond the 1.5 percent of DNA we considered to be genes!”
Galacti scratches his forehead. “We have the nature-versusnurture piece of the puzzle as well and this top-down coordi-

nation, so genes are not the be-all and end-all that we think
they are.”

Gene Chart
One thing we can say for sure is that genes are certainly not
the central focus of heredity. A red flag should’ve gone up

with a simple numbers comparison of human genes, chromosomes, and DNA base pairs to those in other living entities.
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How Many Genes, Chromosomes, and DNA
Base Pairs Do Other Organisms Have?
Number of
Chromosomes

DNA
Base Pairs

Number of Genes
in the Genome

Human
Mitochondria

1

16,569
(1.65 x 104)

37

Budding Yeast

16

12,462,637
(1.25 x 107)

6,275

Fruit Fly
Rice
Human
Mouse
Dog
Wheat

8

1.65 x 108

13,600

24

4.66 x 108

46,022–55,615

46

3.3 x 109

~21,000

40

3.4 x 109

~23,000

78

2.4 x 109

~25,000

42

17 x 109

~100,000

Water Flea

Paris japonica
(plant, native
to Japan)

31,000 genes,
the most in any animal

20–24

40

150 billion (15 x 1010) fifty times larger
than that of a human DNA. This is the largest
genome of any living organism.
The genome from a single cell stretched out
end to end would be longer than 91 meters
(300 feet).

There’s much more to life than genes, chromosomes,

and nucleotides, as we’re going to see. I’m emphasizing this

because the essence of peace and prosperity is wrapped up in

life, and therefore we need to understand what life really is

and that it includes but goes far beyond genes, chromosomes,
and nucleotides. There must be some hidden ingredient that
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allows humans not only to think about but also to try to attain
peace and prosperity. Stick with me.

You have to stop and do a double take to realize that

humans are at the summit of the cognitive thinking chain, yet

mice, dogs, water fleas, and even rice have more cellular parts
than we do. Why does a rare flowering plant in Japan called

Paris japonica have the largest genome of any living organism
that we have measured?

Galacti is showing us a chromosome, a long column of

base pairs and sequences color coded according to the specific

genes. This chromosome, containing fifty million base pairs,
is one morsel of the broad human genome and represents the
first of twenty-two chromosomes sequenced by scientists, or

one section in the human instruction manual. We wonder why

there is such variety in the world and why chromosomes allow

the differences we see and my genome to differ from yours at
about every twelve hundred to fifteen hundred A-T or C-G

base pairs, and yet the basic structure is similar for all humans.
We ponder why the structure of chemical ingredients such as

deoxyribose (sugar) in DNA and the small nucleotide molecules are universal.

As we consider this, we reflect on animals, which also

have DNA and a genome. Everything living on this earth,
from wheat to bacteria to humans, possesses, in its cells, com-

binations of DNA. Our complex cells possess DNA in the
same way as single-celled bacteria. For example, the wheat
from chapter 5 contains seventeen billion base pairs, more
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than five times the size of the human genome. We wonder

at this as we examine a stalk of the harvested wheat under a
microscope. Surely we are more complex creatures than the

wheat! Does a larger genome indicate a more sophisticated

organism? This is a question for chapter 10, when we discuss
humans compared to animals.

What about the rudimentary, irregularly shaped Amoeba

dubia that contains 670 billion base pairs of nucleotides, the
blueprint for everything from its irregular one-celled shape to

its tentacle-like pseudopodia that help amoebas move? How
can amoebas possibly have a larger genome than we do? We

are even eclipsed by the common toad Bufo bufo with more

than double our genome and 6.9 billion base pairs. To give us
an idea of the scale of these genomes, a lab display shows us
the marbled lungfish genome has 132.8 billion base pairs, or

forty times the amount of DNA that humans have, per cell.
However, the existence of more base pairs does not necessarily
indicate a more complex or smarter organism.

While humans have genetic variations among popula-

tions, there are multiple combinations of DNA that differentiate us from the earthworm, the yeast, the mouse, or the

fruit fly. Although we can see in Galacti’s display the overlap-

ping of the genes, we can also perceive the differences, and we

know that we are dramatically different from an earthworm.
What we don’t know is why the genes arrange to create the

earthworm rather than a dog or a human. We realize that in

order for the 100 million base pairs and the genes in the six
chromosomes of a nematode to combine and produce that
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specific organism as opposed to another is a singular event,
like finding a needle in ten haystacks of DNA.

How do the base pair combinations in the DNA alphabet

of a dog, which differ from a worm’s, produce the ears, nose,
fur, and wagging tail of a specific dog breed, as well as the
blood cells that differ from human cells? Or how do the genes

control the specific head and thorax configuration of the fruit

fly? We know that the fruit flies have white eyes or red eyes

depending on genetic combinations. Scientists have determined how it works, but we are more interested in the why.

Exactly how and why do the genomes and DNA produce

the variations around us? Again, we turn to nitrogen, hydrogen,
and the most basic elements of life inherited from the stars,
but there’s something we haven’t seen yet or scientists have
not discovered yet.

I’ll divert from that intriguing hint to life itself. Peace and

prosperity in a global sense have to do with human life, not
grass or horses; even health, economy, and leadership are only

parts of the whole. Peace and prosperity have to do with each
individual life. You and I have to acquire them. First we have

to know what life is and how it works—hence this Inventory
of the Universe.

The realization of complexity, intricacy, organization,

and stability coupled with malleability in the whole system
of life makes us think that life is strong and fragile at the
same time—fragile because of the one cog or even several that

could disrupt the processes and create an entirely different
picture of life.
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We’ve investigated the mechanics of human Life: DNA,

proteins, amino acids, and the genome. We examined the

major elements at the beginning of this odyssey: hydrogen,
oxygen, nitrogen, and carbon. Add so-called toxic elements

to this composition and you have a puzzle of human life. We
have traveled from the four basic elements to the blood con-

tained in my fingers that activate the lab displays. But it is

still a mystery how these elements come together in the right
sequences to ensure both the variety of existence and existence itself.

As you breathe, as you touch this screen or book, you are

aware of your own body and of everything from the twenty-

two amino acids to the 100 trillion cells assembled in the
correct proportions to fashion your body and brain. As you
breathe, you move your body around and are curious about

your own physical form now that we’ve broken it down into
its most basic components.

Save or bookmark the questions we’ve posed in this

chapter because they will become relevant later in the book.
However, we’re moving on. Don’t stop thinking about the
body, because it is our next destination on this journey.
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e are inside a doctor’s waiting room, passing the time by

reading through health and fitness or science magazines,

waiting to be called for our appointments. We are here for a

check-up, but it will be quite different from any we’ve had in
the past.

The nurse announces our names as a group. We’re taken to

an observation room where we watch a medical team examine

a patient. They’ll be using an x-ray machine, a blood pressure
monitor, an MRI, and the full works as well as some specialized equipment provided by Galacti.

We ponder the workings of our own bodies, knowing

that our hearts beat sixty to eighty times a minute for a man
and that the skin is our largest organ with a surface area of

two square meters (the size of a tiny capsule apartment in
Beijing). We learn from minidisplay stations that our eye-

lashes take three months to grow and that hair is one of
the fastest-growing tissues in the body, second only to bone

marrow. However, many of us may not have thought much
about our bodies’ inner workings beyond our skin, hair, and
heartbeat.

The human body is unique, and each of our bodies is

alike in anatomy. For example, when we walk (we’re asked to
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demonstrate), we use the exact same muscles: calf, thigh, and

buttock muscles as well as the connective tissues of ligaments.
Our trunk muscles in the core of our torso and abdomen work
with our back muscles to maintain our balance and posture.

In addition, our bodies are composed of the same

elements. Besides the four major elements (the hydrogen,
nitrogen, oxygen, and carbon that make up 96 percent of our

bodies as we saw in chapter 7), we’re surprised to learn the

number of radioactive elements. There’s thorium, uranium,
potassium-40, radium, carbon-14, and tritium, plus as many

as sixty others. There’s no real consensus, and I’ve seen figures
estimating that there are seventy or more trace elements in

our bodies. It’s said that only twenty-five may actually be

active, but if I may say so, I’d take that with a grain of salt

considering what was discovered regarding “junk DNA” and

its now well-known and important role, which we saw in the

previous chapter. Remember the role oxygen has in the body:

it is vital to strengthen the heart, lessen fatigue to the brain,
aid the immune system, and calm the nervous system. We
can view the other elements in the MRI thanks to Galacti’s
enhancement.

We can see the calcium (1.5 percent) glowing white

inside the patient’s bones and teeth. Calcium is vital for their

strength and is also thought to help lower blood pressure.

Next, we see phosphorus (1 percent) in green inside the bones.
Potassium (0.25 percent) looks orange inside the heart and
nerves. It keeps the heart, brain, kidneys, and other organs
healthy, maintains the water balance inside the body, acts
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as an electrolyte, and helps lower blood pressure. Sulphur
(0.25 percent) glows yellow inside a microscopic projec-

tion of amino acid chains, as well as inside the brain, nerves,
bowels, and liver. This mineral lubricates joints, helps cellular
respiration and enzyme functions, boosts muscle health, and
increases blood circulation. In addition, it’s a key component

in the hormone insulin, which is needed to regulate blood

sugar. Sodium (0.15 percent) shines pink in the nerves and

water circulating throughout the body. In proper amounts,
sodium works with potassium, aids brain functions, maintains water balance and blood circulation, and protects heart
health, among its other roles. Chlorine, (0.15 percent) which

is present in the form of the negative ion chloride, shows up as

navy blue. It maintains a normal balance of fluids in the body.
Magnesium (0.05 percent), visible in the skeleton and muscles

as well as in various systems throughout the body, is colored

silvery white. It plays an important role in the structure of
the skeleton and muscles and is necessary in more than 300

essential metabolic reactions. Iron (0.006 percent) is red. Iron
is a key element in the metabolism of almost all living organ-

isms. It is also found in hemoglobin, which is the oxygen
carrier in red blood cells. Fluorine (0.0037 percent) adds pale
yellow to the teeth and bones on the scan. Outside of prevent-

ing tooth decay, it does not appear to have any importance to

bodily health. We see zinc (0.0032 percent), a trace mineral,
as bluish gray in all cells of the body. We remember that it is

an essential trace element for all forms of life and is important in immune function, DNA, and sexual health, and that’s
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just for starters. Copper (0.0001 percent), which adds traces of
brownish red to the MRI palette, is important as an electron

donor in various biological reactions. A sufficient amount of
copper in the body helps iron do its work properly. Iodine

(0.000016 percent), showing as bluish-black traces in the body,
is required to make thyroid hormones, which regulate metabolic rate and other cellular functions as well as protecting brain

health. Selenium (0.000019 percent) shows itself as metallic

red-gray in the thyroid and immune system (the lymph nodes,
leukocytes, and white blood cells). It is essential for certain
enzymes, including several antioxidants, and is also important

in sexual health. Chromium III (0.0000024 percent), colored

steel gray, helps regulate sugar levels by interacting with insulin

in the pancreas, though science does not completely understand
the exact mechanism. Manganese (0.000017 percent), which

appears dark red in the bones, liver, and kidneys, is essential for
certain enzymes. In particular, it is needed for those that protect

mitochondria, our cellular energy factories, from oxidants.
Molybdenum (0.000013 percent), shown as a silvery black
color in the liver, kidneys, and many other tissues in the body, is

essential to virtually all life forms. In humans, it is important for
transforming sulfur into a usable form and for eliminating toxic
wastes from the body. Lastly, cobalt (0.0000021 percent), which

appears violet-red in the red blood cells, kidney, liver, pancreas,
and spleen, is an ingredient in vitamin B12. This vitamin is
important in protein formation and DNA regulation.

The proportion of these minerals in our bodies may be

generally the same for each of us, but our need for specific
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amounts of these minerals in our diet is determined by our

biochemical individuality, or our individual genetic makeup,
which is coded by DNA. We think about the unseen makeup
of our own bodies, common to all human beings and yet
unique to each individual.

An injured lady from a car accident has just been wheeled

in on a gurney. The doctors and several nurses devote their

energies to the patient by attaching IV drips, checking the

oxygen being pumped through the nose into the lungs,
working to stabilize the patient, taking x-rays, and examining
and documenting her condition. All the while, they commu-

nicate their observations, knowledge, and decisions to each
other.

Galacti tells us that is the reason we are here: to observe

doctors and nurses at work with the human body, and espe-

cially how it functions, its capabilities, and how it needs to be
taken care of if something goes wrong.

Blood and Breath
We can see the outlines of the veins, heart, and lungs in the

image captured by the MRI. We can also see blood transfu-

sions being given to the car accident victim. We remember our
examination of blood cells as well as the emphasis on oxygen

in the body. Red blood cells transport oxygen to our seventy-

six organs, such as the heart, liver, kidneys, lungs, eyes, gall

bladder, skin, pancreas, and tongue. However, the process is a
bit more involved than cells wandering throughout the body!
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Through our noses and mouths, we take in oxygen from

the room, and the patient undergoing surgery breathes oxygen
from a mask or tube. The oxygen goes into our pharynx and all

the way down into the windpipe, or the trachea. The trachea

splits into the esophagus on one side, down which food travels,
and the voice box or larynx (located in the trachea), which

leads to the bronchial tubes and into the lungs, on the other.
It’s here that oxygen meets blood. The heart pumps blood

cells into the lungs. On the enhanced scan, we see the heart
and the red blood cells, which are pale. This signifies that all
the oxygen has been removed. The red blood cells leave the

heart through pulmonary arteries, which are pathways that

conduct the blood cells to the lungs to be received by alveoli

(tiny air sacs measuring 200 to 300 microns, or about the size
of a dust mite) inside the lungs. It is here that the red blood

cells receive that oxygen we are breathing. Meanwhile, the

lungs on the monitor fill and expand. Scientists believe that,
with their 600 million alveoli laid out flat, these football-sized
organs would cover a surface about the size of a tennis court.

Inside the lungs, which are among the largest organs in

the body, the cells also transfer carbon dioxide to the alveoli.
Veins supply fresh, oxygen-rich blood cells to the heart, from

which they circulate throughout the body in the blood vessels.
In adults, these measure 160,000 kilometers when laid end to

end. To give us an idea how far that is, when your average car
reaches that many kilometers, it’s time to get a new one.

Yet blood travels through our many kilometers of veins

every day without our even being aware of it, and (most of the
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time) we have better longevity than the car! The smooth functioning of blood and oxygen is integral to our bodies. Breath

(oxygen) and blood enable the body to function and move.
We ponder that these two systems, circulatory and respiratory,
can be so neatly intertwined. The 200,000 to 500,000 platelets contained within each milliliter of blood flowing through

our veins need a steady supply of oxygen. They protect our
bodies when an injury causes an open wound. The platelets
break apart, helping the blood clot and forming a scab to stop
the bleeding.

The heart beats about sixty to eighty times per minute

when at rest and pumps about five liters of blood in that same
time period. Our hearts pump about 7,200 liters of blood

daily, or enough to fill fifty regular bathtubs. All of this blood

pumping and circulation is the key to life, as we’ve observed,
and each circulatory system is linked. The heart pumps blood

to the arteries, which conduct the blood to the tissues to

provide oxygen and nutrients and keep the tissues healthy.
The tissues exchange bodily waste for oxygen and nutrients
and transmit the blood into the veins so that the veins can
carry it back to the heart.

As one of our group members walks and breathes, Galacti

notes that the acts of walking and bike riding increase proper

circulation, as does swimming, which boosts oxygen flow
to the heart and lungs and helps maintain a blood oxygen

level of at least 95 percent (normal in adults). We need to eat

and drink water, but we cannot survive without oxygen. We
think of the CO2 cycle and the plants cleansing the air and
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producing oxygen from carbon dioxide, which we breathe out.
As we know from our examination of the water cycle, oxygen

is also in our water. We ponder the fact that our bodies are

equipped to breathe the oxygen abundant in our atmosphere.

We also ponder the other benefit oxygen provides: our voices.

Voices and Tongues
Our tongues, along with the palate and insides of the cheeks

that we examine in a mirror, harbor 10,000 taste buds. Galacti
and the doctors inform us that, contrary to what was previ-

ously thought, tongues do not have distinct zones for sweet,
sour, salty, bitter, and the pleasantly savory taste known as
umami, which allows us to taste the amino acid L-glutamate
in cheese and wheat. Instead, taste bud cells have different
sensitivities for these flavors. These tastes allow us to savor
food, which is key in the experience of eating, and also to

detect when something doesn’t taste right, which is usually

important for survival. In this way, they play a part in sustaining the body.

However, our tongues together with our lungs, trachea

(windpipe) and “voice box,” serve an even more significant
purpose.

The car accident victim is put on a ventilator, which

helps her to breathe, but not to speak. Even in an anesthesiainduced sleep, the patient cannot make any kind of sound we

recognize as a human voice. She is incapable of speaking any
of the forty-four phonemes (vowel and consonant sounds) of
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the English language or the twenty-seven phonemes of the

Spanish language. These simple sounds enable the doctors
and nurses to express and trade their knowledge.

The doctors substitute the anatomical diagram above for

the MRI image of the human respiratory/vocal system, and we

follow the breath through the mouth, nose, and sinuses, then
down the pharynx and into the lungs. As the breath comes

back up through the larynx and vocal folds, we are invited
to speak a single word: “hello.” The vocal folds, which are

delicate tissues, are brought close together as breath pushes

up from the lungs and makes the vocal folds vibrate. It also
makes the tongue and lips move to produce “hello.” We notice
the pronunciation, “he-loh.” The lips, tongue, and soft palate

(or roof ) of the mouth form the sounds. As we say “hello,”
the tip of our tongue touches the soft palate on “he,” and then
extends straight out between the teeth on “loh.”
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That simple word might not sound earth-shattering (pun

intended), considering the roughly one million words in the

English language (an estimate made by Merriam-Webster)

and the 600,000 words in the Japanese language. However,
consider the importance of “hello” as a greeting and an expression of friendliness. Thomas Edison popularized the word
as a telephone greeting during his experiments in the nine-

teenth century and used it as part of his method of conveying
knowledge. Galacti notes that if Edison, dubbed the Wizard

of Menlo Park, thought “hello” was significant, then perhaps
we should give it another look.

Think of the twelve to twenty breaths per minute that

are required to supply the air to make the vocal folds vibrate.
The blood cells, which carry oxygen, also participate. Think
of the lung capacity, the size of a tennis court compressed to

fit underneath your ribcage, that allows you to breathe and
speak. We ponder that this system works so precisely every
day. It is something that we all take for granted, except of

course when we have to give a talk in public! Our diaphragm
and abdomen also play a role in making our voices sing with
passion, authority, intelligence, and other emotions.

An iPod plays music that is amplified by speakers. A

Hawaiian hula song echoes through the operating theater and
is followed by a black gospel singer belting out a hymn. We
move to the music and lift our voices. Galacti points out that

this ability to sing and speak has allowed humans to transmit
knowledge, starting with the Epic of Gilgamesh as the earliest
known oral tradition story. The role of singer/storyteller has
218

BODIES ALIVE

been an honored one in many cultures, and even today in

our global society dominated by the electronic and written

word, there are people such as the Inugguit in Greenland.
The Inugguit are a people that speak the threatened language
of Inuktun, which contains words formed by murmurs and

moans that can be up to fifty letters long! They still maintain
their oral tradition.

We wonder at the history of speech. When were the first

syllables or words spoken? Were they spoken by the ancient

Chinese or by Indus Valley dwellers? Linguists, historians,
and anthropologists have various theories on the origin of
language, but no one knows for sure how language began
or which culture produced the first protowords. For us, it is

simply enough to ponder that speech exists at all. We can say
hello and goodbye in many different languages: hola and adios

in Spanish, konnichi-wa (literally meaning “good afternoon” or
“good day”) and sayonara in Japanese, sawasdee for both hello

and goodbye in the Thai language, bonjour and au revoir in my
Paris home, and zdravstvujtye and dosvedanya in Russian. We

can say “Come here, Watson, I need you,” as another famous

inventor, Graham Bell, did. Our brain is responsible for our

speech, more so than our vocal folds, lungs, or the oxygen in
our cells, but everything works together to produce “hola” and
“goodbye.”

We ponder language, one of the hallmarks of human

beings. As we’ve seen, the ingredients of life come together

to form the basis for biological human beings. To take this

another step, the separate ingredients of the respiratory and
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vocal systems—the lungs, trachea, pharynx, larynx, palate, lips,
tongue, and the blood carrying oxygen—come together along
with the brain to make language possible.

Someone feels his jawbone, which is making a clicking

sound. We are drawn to the uniqueness of the jaw. Although

mammals, amphibians, and reptiles have jaws for eating,
biting, and making various noises such as barking, the human

jaw is equipped to aid in speech. It is the only bone in the
skull that can move freely. This encourages us to examine the
human skeleton.

Skeleton
We see an x-ray projection of an entire skeleton. A caption on

the x-ray tells us that an adult’s body has 206 bones, while an
infant’s has 300 to 350. We ponder why a baby would require

more bones than an adult, and we wonder about our bones in
general. The skeleton is a symbol of Halloween, and is often

menacing. There is nothing sinister about our bones, however.
Quite the opposite! Let’s examine a life-size skeleton replica,
the sort you’d see in doctors’ offices.

As we wiggle the skull and tickle the ribcage, we notice

the strength and hardness of the bone tissue. Bones protect

our organs—the ribcage guards our heart and lungs, for

example, while the skull provides a “strongbox” for our brain,
protecting against bruises. The skull is so tough and hard

that it can withstand pressure that would crack your average
coconut.
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The sinus cavities in the skull (which are always open to

the world) and the movable jaw (or mandible) function so

simply: the sinuses provide support for skin and nose cartilage

and the mandible allows opening and closing of the mouth.
Such basic functions help everything from smelling to breathing to talking to eating to kissing to yawning.

When a child is in the womb, those 300 to 350 bones begin

to form and the cartilage hardens into a complete miniature
version of an adult skeleton. After birth, as an infant develops

into a child and eventually an adult, the infant’s bones—which

are soft and flexible as the child is learning to crawl, walk, and
run—fuse into the 206 adult bones. The infant’s skull alone

has five separate pieces, with two soft “gaps” called fontanelles.
Between the ages of six and eighteen months, the fontanelles
disappear as the skull bones fuse together. While talking to the
patients, one of the doctors mentions that a child’s bones need

strengthening. Running, jumping, and playing sports stimu-

late the growth of dense bones in children in many ways, such
as by increasing calcium deposits in the bones. We ponder

that children are naturally physically active, which helps their
bones become stronger while they consolidate.

Since we are dealing with an adult skeleton model, we

examine the bones carefully. Galacti highlights them, showing

how they all fit together in an orderly fashion from the

temporal mandibular joint that moves the jawbone to the
spinal cord that connects to the skull at the top of the body, as

well as the ribcage in the middle and the pelvic girdle at the

hips. In turn, the pelvic girdle connects with the long, hollow,
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strong thigh bones called the femurs. They withstand our
weight and the pressure we put on the bone when walking

or running. The femur connects to the tibia and fibula (lower
leg bones), which end at the feet. We forgot to mention the
pectoral girdle in the shoulder area, which connects to the

bones and the arm, which end at the eight wristbones. Each

bone is shaped to fit together and support each other, espe-

cially the “antigravity” bones such as the spine, pelvic girdle,
tibia, and the multiple bones of the foot. These do the work of
resisting gravity as we stand or walk.

We feel the bones of the spine, which is especially vital

in supporting our body weight and helps protect the spinal

nerve cord. The vertebrae, which form a long, elegant column,
are composed of alternating cartilage made up of calcium carbonate and bone layers. We think back to calcium, the fifth

most abundant element in the body. It is so vital in bone composition and health. Magnesium is also important in bone

function, as well as the carbon in calcium carbonate. How is
it that the body contains the right amount of these minerals

to make the spine and other bones strong? How is it that the
lower bones are strong enough to keep us upright while the

other bones, such as the pectoral girdle and the bones in the
arms and hand, work together to do the daily tasks of living?

When we watch our group moving their arms and legs,

we realize that the majority of the bones in our limbs assist us

in walking while carrying a tray with our hands, for example,
while the spine holds us upright. As for the skull, we watch
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our mouths move and ponder once again that the only bone
that can open and close or move is the jaw, which enables
talking and eating. However, other than the vital human

organs, something is missing from our artistically rendered

skeleton. Galacti adds most of the organs such as the eyes,
nose, ears, tongue, heart, lungs, pancreas, liver, pituitary gland,
spleen, kidneys, stomach, upper and lower intestines, and gall-

bladder. However, the skin, the largest organ in the body, is
missing—as is another vital human “ingredient.”

Skin, Hair, and Nails
We will briefly discuss skin, hair and nails. We already know
the skin is our protective covering and is large enough to coat
our entire body. One of our group members, a male weighing
sixty-eight kilograms (150 pounds), considers this fact: if his

skin were stretched out flat, it would cover about 1.8 square
meters (slightly larger than the size of a single bed) and would

weigh four kilograms (nine pounds), which is the weight of a
large baby! All this skin contains nerve endings and protects

blood vessels, bones, muscles, and organs. We ponder how,
thanks to varying amounts of melanin pigmentation, this
resilient covering can be dark, olive, pink, brown, or extremely

fair. We think about the abundant oxygen that helps the
growth of new cells. It makes up the sixteen trillion skin cells

in each of our bodies, as well as replacing the 3.6 kilograms
(eight pounds) of skin cells that we lose each year (when put
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together, they’d be roughly the size of a Thanksgiving turkey).

We also think about the hair—blond, brown, black, straight,
or frizzy—that covers our skin and scalp.

Hair, whether found on the head, arms, legs, chest, back,

hands or feet, is protein. Protein is a kin of skin. Similarly,
fingernails and toenails grow out of the deep skin folds in
fingers and toes, and protect the skin, nerves, and blood vessels

underneath. Our fingernails may have some slight function in
gripping, but are not made for clawing or climbing! They are

purely protective, and we ponder why humans don’t need claws

(or fur, for that matter) like certain mammals do! However,
we’re not so much concerned with hair, skin, and nails on their

own as we are with that which is “more than skin deep”—the
muscles.

Muscles: The Engine
Think of the bones as the body of a car, and the muscles as the

engine. Muscles turn the energy inside your cells into motion.
Muscle tissue makes up 36 percent of an adult female’s body

and 42 percent of an adult male’s. All the muscles (roughly
650 to 800 in number) in our face, shoulders, back, arms, core/
trunk, and legs work every day, every hour, every second—

even when we are asleep and there is technically no “work”
going on. When we’re healthy, our skeletal muscles, which
attach to our bones and connect joints, work so well that

we can conduct our days by raising our arms to stretch in
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the morning, driving, walking, getting on the train, rocking
a child to sleep, and even reading a story. Facial muscles do
the work of presenting a smile to the world and showing

emotion. There are forty-three muscles in the face, which are

controlled by five branches of the facial nerve. These make
the face form the full range of expressions, from happiness to

anger. Without the muscles of the tongue, mouth, and larynx,
we could not form the word “hello.”

We do all these things, often with intense thought, some-

times not, but our muscles make it possible for us to do the
activities of daily living. When our bodies work well day after

day, year after year, we don’t even think about the muscles
that move unless we are competing in an athletic event or

lifting weights at the gym. Our thought is even provoked by
the muscles involved when a group member lifts a spoonful of

cereal to his mouth and balances the bowl in the other hand

for demonstration purposes. The simple muscle movements
involved in using utensils to eat breakfast go unnoticed during

our daily lives (more on this later). As we’ve said, even smiling
takes muscles.

Apart from the facial muscles, there are eleven major

muscle groups in the body, each group with its own special-

ization. Listed from head to toe, they are shoulder muscles,
which we flex as we raise our arms; trapezius muscles in the
upper back, which we tense as we perform a deadlift; the

rest of the back muscles, which are involved in posture and
demanding physical work; the chest muscles that protect us
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as well as looking attractive on men and women; the triceps,
which make up two-thirds of the upper arm; the biceps and
the forearms, which are all important in arm strength; the
quadriceps at the front of the thigh, which aid in walking

and moving; the abdominals, which are important for

balance and a solid core; the hamstrings on the back of the
thighs, which strengthen and stretch to prevent injury; and

the calf muscles, which get strengthened through leg exercises. This is especially true for people in occupations that

require them to be on their feet all day. There is also muscle
tissue in your hands. All of these muscle groups are what

we call skeletal muscles. They work to make body language,
running, jumping, and dancing possible. The doctors talk
about these.

We also have smooth muscle tissue, which makes up our

organs. We realize that this is especially significant when we
think about our breath and our lungs. We again think of oxygen

and the importance of its flow to the major organs and the

skeletal muscles as well as its circulation throughout the body.
As we see in a diagram of the heart, the cardiac muscle pumps
oxygen-rich blood. Consider this fact: The cardiac muscle is

found only in the heart, which keeps us alive. We think about

the way that these muscle groups interact. The tongue, mouth,
and digestive muscles (smooth tissue) involved in eating

provide energy to the cells and lungs (smooth tissue). This

transfers oxygen to the blood, and the cardiac tissue pumps

the oxygen so that it can be conducted to the skeletal muscles,
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thereby

enabling

us

to move. As we move,
we expand our lung
capacity and strengthen
our muscles (including

the cardiac muscle). We
also breathe in, which

provides more oxygen
for our blood.

Consider that these

three groups of muscle

work in perfect concert,
and

that

contract

all

three

constantly

and invisibly thanks to
the muscle fibers and

signals sent by neurotransmitters in the nervous system, which

are made up of amino acids and peptides and are crafted in the
cells. This protein is produced by cells and coded for by DNA
filaments to do the work of contracting the muscles. This

means that the doctors can reach for an IV bag, for example.
We ponder once again that the ingredients of life we saw in

the lab in the previous chapter can make up all of the bones,
muscles, and organs we have been introduced to.

We are drawn to the doctors’ hands. As we’ve seen in our

tour, these hands perform a wide variety of tasks, including
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detailed surgery. Indeed, hands are one of the human body’s
most noteworthy features.

Hands: Paint, Carve, Cook, and Throw
Think of the nurse’s hands holding a syringe or a suture, some

of the tools needed to make a patient well. The muscles in the
shoulders are involved in lifting those hands to accomplish
whatever task the nurses want to accomplish. The deltoids

and humerus of the shoulders and upper arms connect with
the muscle tissue of the triceps and biceps in the upper

arms. These in turn connect with the extensor and adductor

muscles in the forearm. Several specialized tendons connect

the forearm muscles with the eight bones that comprise the
wrist, as well as the delicate bones of the fingers, the metacar-

pals (which connect to the knuckles), and the three phalange

bones that make up the rest of your fingers and thumbs. From

the shoulder to the hands, all the muscles are engaged as the

doctors and nurses use needles and thread or staples to heal
patients. In addition, the 2,500 nerve endings in the doctor’s

hand allows for sensitivity of touch despite protective surgical
gloves.

We can see a Galacti-provided scan of a hand moving. The

bones, tendons, and muscles work in concert and the nerve

endings light up in order to show their presence. We have

always taken the motion of hands for granted: we assume that
bones and muscles will do their jobs smoothly and without
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ceasing. We observe 3-D images of hands performing various
common activities: they paint a wall by using their muscles
and phalanges to grasp a brush, throw a ball underhand, carve

wood using their fine motor ability, type on a computer (like

I do as I write up this journey), work with a hammer and nail,
chop in-season vegetables, and stir soup.

Hands touch and feel the patients’ skin. Hands beat

drums. Hands grip everything from bananas to spoons to

bicycle handles. Hands clap, one of their many expressions.
We applaud the doctors. Hands enable us to defend ourselves,
and they also communicate. We watch the American Sign

Language sign for the word “hands.” A deaf person moves

her hands in a straight line across each other and outward,
holding her hands upright with the palms facing her. We
make the “OK” sign back to her. As we experienced at the

beginning of this stage of our journey, handwriting is another
way we communicate with our hands; it is another way in
which we transmit knowledge.

An ancient scribe from Greece appears in our midst.

He is about to communicate his own knowledge in his own
fashion. His fingers flex as they curl around a hammer in

one hand and a chisel in the other. He carves letters of the

Greek alphabet to form a word he translates as “gnosis,” or

knowledge. Here, hands are being used to “write” in stone.
Galacti makes the ancient Greek scribe vanish. The thirty

dedicated muscles of the hand working with its twenty-seven
bones make movements at the guidance of the three different
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nerves. We anticipate perfectly how much force is needed

to hold a tissue or throw a ball, while the muscles stabilize
our grip. The flexor muscles, for example, close the fingers to
make a fist or to curl around a rope when doing rope-climb-

ing exercises. In addition, the unique thumb muscles allow

the digit to move independently and oppose or parallel the

position of the fingers—as in our rope-climbing example—or
while working a BlackBerry. In that case, the fingers cradle

the phone while the thumb operates it. Other muscles allow

the fingers to spread apart and bend at the first knuckle, a

position that allows us to play scales on a piano or type on a
computer, as mentioned.

When we stop to think about all the other actions our

hands can perform, the catalog is extensive: weaving, welding,
gripping the wheel of a car, making and repairing jewelry,
sewing, mining ore, harvesting wheat (as we saw in our exploration of flora), lighting candles, repairing lamps, making

lamps, carving chess pieces, creating integrated circuits,
pouring chemicals in a beaker, measuring those sensitive

chemicals with precision, using a telescope to locate galaxies,
using a microscope to examine stomach bacteria . . . the list
goes on. As Galacti notes, we may all be amazed when a chim-

panzee uses a tool, or a bird constructs elaborate nests with its
beak, or a dog opens a door with its paw, but the sheer range

of handiwork humans can produce deserves more consideration than we give it in our daily life. Certainly, when it comes

to the deliberate work parents do in caring for their children,
such as changing diapers, brushing hair, applying bandages, or
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teaching a child how to garden, the mothers and fathers in our
group can appreciate those actions!

As the doctors examine the car accident victim with their

healing hands, we notice the feminine body from a scientific
perspective, and we pause for a moment to reflect on men’s
and women’s anatomy.

The Reproductive System
The doctors give an ultrasound to a pregnant mother-to-be,
as well as giving a mammogram to another lady. This encour-

ages us to think about the differences between women and
men.

• Why do women have breasts?

• Why are women uniquely equipped to have children,
making eggs that are fertilized with sperm cells as
learned about in the laboratory?

• Why do men have more hemoglobin, the material red
blood cells are made of, than women?

• Why do women have four to five million red blood
cells, while men have up to six million red blood cells?

The last question has an answer: the testosterone hormone

is responsible for red blood cell production. Since men have
more testosterone than women (young adult males have a testosterone/estrogen ratio of fifty to one), men naturally produce

more red blood cells. We ponder that women’s ovaries also

produce testosterone, but at lower levels than in men. Young
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girls in puberty have a higher level of the hormone estrogen,
which is responsible for the development of breasts and fuller
hips, than adult and menopausal women do. Estrogen levels

also rise during pregnancy. The doctors show us lab results
conducted on both the woman having a mammogram and an
ultrasound from the pregnant woman.

We see the fatty breast tissues presented in gray on the

mammogram display, with the dense tissue displayed as white
areas. The dense tissues, which develop because of hormones

(especially estrogen), contain milk ducts. As women approach

menopause and advance past childbearing age, their estrogen

levels drop and fatty tissue levels increase. Progesterone,
another female hormone, regulates estrogen levels and
increases breast health.

We ponder the unique ingredients of life, such as the

hormones we have seen in the lab, which account for the
differences between men and women and also play a role in

childbirth. Look at the ultrasound. We can’t see the hip bones
or the cervix, but the doctors inform the woman having the

ultrasound that the hormones in her body are softening the

bones in her pelvis to make them looser and more stretchable during birth, while the cervix, a part of the uterus that
remains closed to protect the baby until birth, is becoming

more flexible due to other hormones. During the early stages

of labor, the baby’s head pushes against the cervix and opens
it. During active labor, the cervix fully dilates and the baby
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moves, changing position with its flexible bones several times.
We hear the doctors discussing all of this and placing simula-

tions on the screens, showing us the uterus contracting powerfully to push the baby out.

We see the baby’s large head, and we wonder how it moves

safely through the birth canal and out of the body. Remember
the five bones in an infant’s skull and the two gaps in the

skull called fontanelles? These gaps allow the baby’s head to
move agilely through the birth canal and vagina as the baby is
born, while the loosening of the woman’s pelvic bones makes
the pelvis more elastic and allows the baby more freedom to

move out of the uterus and birth canal. The men and women
think about the birth process that occurs every minute, every

day, 360,000 times per day (or the population of Thessaloniki,
Greece) all over the world. That’s four newborns every second
worldwide.

We think about the DNA seen in the last chapter, as well

as the sperm and egg cells that unite and the 120 million sperm
that men’s testes produce in a day. This production is governed

by hormones in the brain. This leads us to another interesting difference between men and women: while men produce

spermatozoa, women are born with one to two million folli-

cles contained in their ovaries. By the time girls reach puberty,
they lose 50 to 75 percent of their follicles, which number
400,000 in a teenage girl. Of the 1,000 follicles lost during

a woman’s monthly menstrual period, only one matures into
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an egg. We wonder why a woman has so few eggs, and why
only 0.1 percent of all the follicles in a mature woman’s body
develop into an egg whereas men produce millions of sperm.

Another difference is the body fat that provides women

with curves and full hips; we wonder where these differences

come from. Is it merely in the hormones? Is it in the DNA, or
as doctors suggest, the brain?

The doctors have done their work and the car accident

victim is recovering. Our Inventory of our bodies is finished,
except for one notable omission. We haven’t examined
the brain, even though we have been expanding our minds
throughout our tour.

Our bodies work well. They work invisibly and unceas-

ingly, each system interconnected, allowing us to communicate knowledge and perform the full range of human abilities

with our muscles and hands. However, as worthy as our
bodies are of contemplation, we think we need to examine the

brain in order to have the complete picture of what makes us
human. With a healthy sense of curiosity, we prepare for our

next adventure, with all of the strength of our hands, voices,
and bodies at our command to assist us.
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magine.

Our next destination is a surprise: It’s the brain, figura-

tively and literally.

We are inside a medical imaging lab, still within the same

complex as before. However, as we look around, decode the

sensory input, and analyze the location, we are using our brains.
Powerful processes are occurring within this organ, which only
weighs 1.4 kilograms (the same as a small hand weight). These

processes result in our ability to identify the machines: a CAT

scanning machine, an MRI machine, and an EEG diagnostic
machine. We can also identify Galacti’s current costume as a lab
coat.

More importantly, we can contemplate the question that is

on our minds: What is our purpose in this lab? What are we

here to learn? We can remember all of the rich experiences we
have had thus far. We recall observing the moment of the Big
Bang, exploring the planets, appreciating how our own Earth is

tailor-made for our existence, observing the water cycle, meeting
earthworms, exploring the growth and harvesting of wheat, and
learning about animals’ remarkable abilities. We can review our

experiences and try to imagine future ones as we predict what
we will do next and where Galacti will lead us on this tour.
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All of this mental activity takes place in our brains, which

form the most complex facet of the entire universe. We will
explore our brains using the tools we have available, such as the

imaging systems and something more. We’ll look at the figures
and then examine our control center. The control center is

called the cerebral cortex, and it is the means by which we can

reach answers to our main questions: Are humans equipped
to perceive, think and reason? Even more importantly, if the
answer is yes, then why are humans equipped to reason?

The Cerebral Cortex and
the Geography of the Brain
As the technician, Galacti runs the CAT scan machine in order

to help us explore the cerebral cortex, one part of an adult brain.
I volunteer to be the test subject and enter the machine to have

my brain scanned so that our fellow travelers can observe it.
While Galacti does this, he provides information and statis-

tics. There are about 100 billion neuron cells inside the brain.
Compare this with the estimated 400 billion total number of

stars in the Milky Way. These neuron cells will make up the

picture of my brain scan. This figure encompasses the entire
brain as a whole, but when we talk about the brain, we usually

divide it into distinct parts like our specialized CAT scan does.
As the machine creates an image of my brain, it displays the

cortex. The cortex is the outer layer, which resembles a mass of

unusually thick linguini. This “linguini” contains thirty billion
neurons, electrical and chemical transmitters that connect via
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several thousands of strands forming a network of one trillion
synaptic connections. My brain activity is registering on the

scan as I contemplate the number of possible neuronal circuits
that brain signals can follow. Like packets of information on the

internet, the number of pathways is practically limitless. This
dwarfs the integrated circuits in the world’s most advanced

computers. The other portions of the brain are equally complex,
yet when we think of or talk about the brain, we don’t focus on
these huge numbers and the complexities they imply.

Usually, when we are presented with a description of the

brain, we hear about the practical, problem-solving left hemi-

sphere and the emotional, artsy right hemisphere. If we break
down the brain structure further than the logical, how-to hemi-

sphere and the emotional, big-picture-oriented hemisphere, we

discover four lobes. The frontal lobe, particularly the prefrontal
cortex, shapes our personality and higher cognitive functions as
well as our movements. It also brings forth all the social variety

we see in this room alone. The parietal lobe is the sense center,
which integrates information from all five senses.
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The occipital lobe allows us to recognize that the machines

are white, cream-colored, or gray, and that the opening to the
MRI machine is a circle. Lastly, the temporal lobe allows us

to distinguish my face from another traveler’s or recognize the

scenes of our hometowns being shown to us from the library
of the universe.

However, these lobes take their names from the skull

bones encasing them, and not from their structure or role!
This proves how little we understand the brain. Humans

have dissected the brain into compartments for scientific,
medical, and anatomical purposes. This practice may make
labeling easier, but it gives a simplistic impression that we

easily comprehend the way the brain works as a whole. In

fact, for all of our progress in understanding the brain, it
is still a great mystery. Can the structure of the brain truly
explain why we do what we do, how we think, why we love

what we love, and why we fear what we fear? We stop to
ponder this question.

The Nervous System and
the Multitasking Brain
We’re going to observe my adult brain more globally because,
as we perceive on the unique scanner image, the brain truly

functions as one unit. Galacti shows us a more in-depth full-

body scan that shows the brain’s diverse, varied, and specialized
composite elements working as part of the central nervous
system. On the scan, we can see that my brain is connected
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to the spine as well as the architecture of the body’s control
room: the central nervous system.

The brain imaging scan shows us 500 billion glia cells.

The glia provide the structure that keeps the neurons con-

nected. It also directs nutrients, water, and chemicals as well

as evacuating all the waste to keep the neurons running

smoothly. This is a miniature cycle that is repeated innumera-

ble times. My neurons may look like traffic junctions, and that

is an apt comparison. The 100 billion neurons in my brain,
which can come in over ten thousand “flavors” or varieties,
process and transmit information throughout my body. At any

given moment during this tour, my brain function depends on
neurons of all shapes, sizes, and types. These include sensory

neurons that handle eyesight, taste, and smell; interneurons,
which communicate to other neurons; and motor neurons,
which initiate my muscles to, say, move and crawl into the

MRI chamber. Each of the ten thousand varieties of neurons
has specialized characteristics in performing its role.

Galacti points out that most neurons on the scan share

basic features, such as the tree-branch-like structures called

dendrites. The dendrites function as the “inbox” of the neuron,

while the axon, which is the transmitter, functions on “send.”
Measuring up to one meter in length, the axon ends in wiry

extensions called axon terminals, which send information to

dendrites of other neurons, close by and further along the

nervous system. In a young adult’s brain, this grid of axons,
laid out end to end, measures 160,000 kilometers or four times

the circumference of the Earth. This is what we mean by
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observing the brain globally! The workings of this grid become

even more complex as we study them. Like Internet servers,
the axons and dendrites never physically come in contact.
Instead, they are separated by a synapse, a space measuring
one ten-millionth of a millimeter. For reference, a single hair
on my head is about one fifth of a millimeter thick. We ponder

how miniscule a synaptic cleft—the gap between neurons—is
and how important it is in brain function.

Tiny but powerful, the synapses send two types of signals

that the dendrite receptors capture and process. Chemical

synapses emit over a hundred identifiable types of neurotrans-

mitters, including chemical messengers such as acetylcholine,
endorphins (the feel-good hormone generated by, for example,
exercise), dopamine, and amino acids such as glutamate. Electrical synapses send electrical signals. Both kinds of informa-

tion help the body and brain function in complementary roles.
We think we have a general picture, especially since the

scan is right in front of our eyes. In fact, synapses are involved

in the very act of looking at and comprehending the scan.
However, the big picture that we’re seeing contains many
pieces. For example, there are many variations: axonless, den-

driteless neurons, and two axons or two dendrites that interact
over a synapse.

We pause to appreciate the scale of this grid of neurons

in the nervous system. Each of the 100 billion neuron cells in
the grid possesses zero to 100,000 dendrite receptors as well

as the transmitter axons at the other end. A display highlights
the longest axon, which measures one meter from my spine
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to my big toe, with multiple axon terminals at the extrem-

ity near that big toe. The scan image attempts to show the
intricate chemical and electric “conversations” taking place as

each neuron connects to between 5,000 and 200,000 other
neurons and exchanges electrical and chemical messages via
the synapses. Picture the conversations as telegrams contain-

ing brief marching orders. They travel around this labyrinth
at speeds of 540 kilometers per hour, sending information

to make my body and brain work day in and day out. This
process is unnoticed, invisible, and mind-boggling.

The state-of-the-art brain imaging techniques available

in this lab, including recent ones that visualize the brain in

psychedelic renderings of neuronal connections, allow us to

see this intricate labyrinth of axons as “neural wiring maps.”
There are billions of smaller connections, which Galacti

reduces with a few adjustments until we see the underlying

structure of neurons being activated. Whether we’re running

a marathon or merely standing still in contemplation, systems
of neurons handle the job.

Every time I open my mouth, millions of neurons are

activated. No matter what gesture one of our group members
makes, millions more neurons leap to the task. Whether one is
walking, carrying a backpack, looking at a display, or noticing

other people, the neurons spring to action. This network of
neurons is a somatic, voluntary system that operates when you
decide to take action.

Even if you are just standing and contemplating the brain,

neurons are at work in the autonomic or involuntary system
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such as breathing, blood circulation, salivation, digestion,
water flow, waste elimination, and all the other automatic

systems running full time in your body. Whether we’re awake
or asleep, they’re in lifelong action enabled by the neurons.

In addition, for those of you who are contemplating

everything we’ve seen so far, neurons are of course involved

in your cognitive functions. This means they are involved in
thinking about what you’ve learned, imagining, processing

ideas, initiative taking (such as browsing the digital library

of the universe and inviting others to learn more), planning,
and decision making. In other words, neurons are involved in

the entire gamut of activities that we associate with the mind,
although the mind is so much more.

Your brain is multitasking hundreds and thousands of

functions right this moment (and every moment) without
rest. In fact, your brain doesn’t even rest when you are asleep!
We function better after a good night’s sleep because the brain

continues to process the input received while we were awake,
sifting, sorting, reinforcing what we learned and allowing us
to recall the information later: Big Bang, atmosphere, Earth’s
core, wheat, animals, DNA, neurons.

To demonstrate this multitasking, we ask one of our

members to have a MEG scan (short for magnetoencephalogram scan). An image of her brain is taken while she eats

a pear. All of her five senses come into play: she views the

ripe, red fruit, feels the moisture on her skin, and inhales the
scent before biting into the tasty fruit flesh, simultaneously

listening to the crunch. On the supersensitive scan, we see the
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sensory neurons recording and reporting their information,
but we do not see the coordination of “intelligence,” if you
will, into a total picture of the fruit.

“This is a pear,” say the optic nerves to the eyes.

“This is a pear,” say the motor nerves to the hands.

“This is a pear,” say the olfactory nerves and gustatory

nerves to the nose and mouth.

“This is a pear,” the auditory nerves report to the ears. We

can see the neurons that connect the motor and sensory nerves,
which work together. However, we can’t see on the scan that

our traveling fruit-eater knows the pear is juicy, nor can we see
that it is helping to ease her hunger. Her nerve system knows

that she gets a piece of skin caught between her teeth, or that
the skin feels shiny as she swallows it. Each action or sense, no

matter how trivial, affects our neurons and activates synapses
that we can see. All these actions (feeling hungry, holding on

to the pear and waiting to dispose of it, trying to guess what
time it is) are given high priority, medium priority, or low
priority and are coordinated with all the other involuntary or
voluntary actions taking place within our fellow traveler.

You may think the coordination of New York City or

Beijing traffic is complex, but your brain is capable of integrating all of the sensory information, mental processes, and motor
skills you need to drive a car in rush hour and help you reach

home safely. If you are awed by a colony of weaver ants from

our animal chapter coordinating to build a nest, a herd of wildebeest migrating long distances in Africa, or the vast network

of the Internet with 2.5 billion people and the interconnected
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transmission of all the messages, email and web pages, consider
that your brain’s 100 billion neurons and the routing paths for

your physical and mental activities act with split-second preci-

sion and coordination. The gargantuan quantity of neuronal
circuits for communicating information is expressed by the
number 10 followed by hundreds of zeroes, a number far
greater than the total sum of atoms in the Universe.

We’ve never imagined these sheer numbers of neurons

or their speed, let alone the organization and coordination

needed to make our body and brain run smoothly. It’s stupefying that all the wiring and connections are overseen by

your brain. Your brain is 1.4 kilograms of jelly tissue, of which

78 percent is water. It fills a space of 1,130 cubic centimeters
in your skull, which is equivalent to a small balloon with a

diameter of thirteen centimenters. Imagine, right now, that 20

percent of your oxygen intake and 25 percent of your glucose
consumption fuel your brain. Compare this with the size of

the infrastructure and the energy input required to run the
Internet, or the world’s most sophisticated supercomputer.

Pause for further thought and consider that this three

pounds of jelly tissue is incredibly fluid and responsive, more
so than the fastest Internet connection!

The Acquiring Brain Has a Mind of Its Own
Someone in the group is playing a piano. She can’t help herself,
since she has been imagining getting back to the piano and

teaching her students. She says she’s “wired” to play the piano.
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According to scientists, this statement might be correct.

With deeper studies into the workings of the brain, scien-

tists have come to understand a principle that wasn’t obvious.
Galacti sums it up: the brain is always changing. Since every
single action, movement, idea, and thought that passes through

the brain reinforces, enfeebles, and/or modifies the neuron

networks formed by dendrite-axon combinations, these
network maps are never static. As our piano player decides to

improvise and perform a riff, the network maps are perpetu-

ally shifting, changing like a melody to reflect whatever she is
at any given moment.

Galacti mentions a concept we may have heard about: The

brain is “plastic” and can change structure and functionality.
Remember the anatomical model of a human skeleton? We

saw that our adult skeletons have approximately 206 bones.
The children’s song about “the leg bone” being “connected to
the thigh bone” tells us that the 206 bones connect to each

other at their extremities for the entirety of our lives. In

contrast, the dendrite-axon combinations change their length,
width, and accessibility from minute to minute. Imagine our
network of possible neuronal circuits switching partner connections, creating new connections, and pruning defunct connections. The brain’s jellylike substance gives clues as to its
changeability: it has a “mind of its own.” We’ll explore more

about the mind shortly. As you think about this future topic,
your brain is ever and always in action. It is a dynamic head-

quarters made up of tens of thousands of different specialized

living organisms. Fortunately! It adapts itself every second of
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your life to keep you running, thinking, or whatever you are
doing without interruption.

Whether I’m getting out of the full body scan or our

piano player is plucking out Chopin, all mental and physical

activities call on the brain to activate our physical senses as
well as our mental prowess such as paying attention, memorization of keystrokes, and calculation. If we consult a brain

expert to learn about brain fitness, or if we’re engaged in
some activity, our brains are doing aerobics. The brain and

mind experts know that the more of a workout our brains
get, the better shape we will be in, even after a traumatic
injury.

Imagine: physical and mental exercise therapy can stimu-

late and rebuild the brain’s fundamental abilities following a
concussion or stroke, for example. Both physical and mental

exercise therapy help a stroke victim bodily and psychologically. It helps reconstruct and extend physical functions such
as language and movement, as well as cognitive functions such

as memory and comprehension. Healing occurs as areas of our
resilient, plastic brain take over from the areas wounded by

stroke. Subsequently, the brain self-repairs and rehabilitates.
Our piano player with years of practice under her belt could

recover from a stroke through practicing the piano. She has
developed the habit of playing, and by continuing to play, she

could form alternative neural pathways in the brain. There
have been documented cases of piano players with brain
injury recovering through playing an instrument.
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“Wired” Habits and Repetition
One secret to brain plasticity, or how the brain acquires infor-

mation and changes, holds that the more we play the piano or
learn a new skill, the more we develop a habit.

Let’s say that we have a trainer teaching us singing, a new

language, or a new sport such as surfing or basketball. Our
trainer, like all trainers, knows one critical rule: the way to

learn a skill is to test yourself and repeat it over and over and
over and over again. Our trainer (in this case Galacti) will
always emphasize and reinforce mastering the basics: scales

in music, dribbling in basketball, pronunciation and breath
support in singing, vocabulary in mastering a new language

(as long as we converse as well as memorize words), and so on.
Our neurons are taking note as we train.

Repetitive exposure to “praiseworthy” lessons is the basis

of a high-functioning body and mind. We view videos of

adults telling children, “Wash your hands. Brush your teeth.
Make your bed. Keep your rooms neat. Look left and right

when stopping at a crosswalk. Give way to an elderly person.
Say please and thank you.” We recognize these as basic life
rules that children should practice daily.

Adults and workers have their share. We observe videos of

automotive factory workers in a Ford assembly plant securing

bolts on the instrument panel of a sedan on the assembly line.
Another video shows an adult driving that car. Driving is an

activity that takes thought, but at the same time is repetitive:
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fasten seatbelt, start the car, and check your rearview mirror

before backing out or turning. More videos detail other activities, such as lifting weights, doing the dishes, watering the

plants, performing data entry, landscaping a yard, hammering

in a nail at a construction site, or stocking shelves. We have

repetitive exercises too, like “Wash your hands before eating,”
or “Yield to oncoming traffic when driving and be courteous.”
Again, these are repetitive exercises, but some of them

have the ability to increase in difficulty, such as lifting heavier
weights. As we’re pumping iron, we’re also “wiring” our brain
and muscles to help us progress even further.

Physical therapists are aware of this principle. If you,

a member of this tour group, sit in a leg extension chair to
strengthen your leg after an injury, you will work that leg

through incremental training that increases in difficulty over
a short period called “massed practice.” You’ll find that con-

centrating an intense exercise effort to develop a needed skill
in a short time is quite effective. Interestingly, massed practice
applies to other situations, such as immersion learning with a
new language. Let’s say you need to learn French or Mandarin
in a hurry because you are being transferred overseas for your

new job. Lessons that increase in difficulty over a short period

can help you master the skill. Whether your instructor or
therapist is drilling you in conversation with phrases such as
“I speak Mandarin; I am here to help you,” or in regaining the
use of your arm after a stroke, massed practice is effective.

As you pronounce the Mandarin or French language

or do your leg extensions, we can see on brain scans what
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neurologists have come to understand: neurons that fire
together, wire together. The more you repeat, “Je suis ingénieur
informaticien” (“I am an IT engineer”), the stronger your brain

connections grow as the dendrites and axons associate (“fire”)
and wire together. To put it another way, the more you do, the
more you can do. It becomes the happy opposite of a vicious

cycle. As we ponder this, we are aware that we can see something related happening in young children.

If a young child in our midst had a weak eye that wasn’t

focusing, we could cover the good eye for a week to encourage

the weaker eye to do the work of both eyes. Within just a few
days, eye exams will show that we’ve increased the strength of
that eye and the child will be able to take off the patch. A sim-

ulation from the digital library of the universe shows us that
the optical nerves, the neuron conduits involved in sight, are
firing at an increased rate and strengthening the eye’s vision
so the child can read the lower levels of the eye chart.

Constraint-induced treatment can rejuvenate activities

such as sight in the body and mind. Sometimes it uses the

original neurons, but other times it makes different neurons

step up to the task. Patients with a leg injury, for example,
aren’t allowed to favor their good leg, so it is constrained. We

take turns simulating this situation and pretending. While we

can all feel the frustration as we use the affected leg to walk,
or our less dominant hand to reach for an object over and over
again, we also receive encouragement, help, and support from

our guide, who is playing the role of occupational therapist.
We imagine both the progress we can make in a short time
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and the overwhelming relief as we regain our sense of inde-

pendence and normalcy. The signals, initiated in the brain,
travel to our fingers and legs so that the repeated treatment

creates more and more connections within the brain. We can

walk after our injury, as well as play piano. This would not be
possible without the plasticity and resilience of our brains and
the way that they tell us to move, move better, or play scales.

Think First
Imagine once again that the more you think, the more your

future thoughts and actions are determined. The more you
do, the more you can do. The more I bowl and think about
bowling, the more I can bowl a perfect frame (I hope). I try

this in the lab, organizing an impromptu league. Although
I don’t bowl a perfect frame this time, I keep thinking, and
improving.

The more you think . . .

We always think (sometimes unknowingly) before we

do things, even when it seems we’ve been foolhardy. This

thinking and instantaneous decision making take priority and
prompt either wise or foolish action. We are what we think. If
you control the thought process, you can master yourself, but

as history has proven, you can also influence and even control

other people. Think of your favorite advertising slogan and
whether it influences people’s behavior. The people under your
sway, influenced by thought, become programmed for certain

ideas and actions. Propaganda and indoctrination work in this
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way, using immersion and repetition coupled with the right
mood and intonation to make changes in the brain.

Fortunately, as we’ve just learned, our brains can partici-

pate in a virtuous loop as we improve our abilities through

a wide range of activities. Our mental activity stimulates
neurons whether we’re imagining new concepts (such as the
ones in The Explanation), concentrating on a mathematical

dilemma such as a probability riddle, focusing on a book,
meditating about a personal relationship, practicing a presentation in our minds, or learning our Mandarin. The more
neurons that fire during the contemplation or learning, and
the more axon-dendrite transmission that takes place, the

more our new thoughts, exercises and skills are integrated and
incorporated in the brain. Even with thought, practice makes

perfect! Fortunately, this practice is assisted by and influences
our brain chemistry.

As we learn better ways of driving, giving a presentation,

or studying our probability homework, our brain releases
the fine-tuning neurotransmitter, acetylcholine. Endorphins

associated with exercise such as basketball make our members

want to engage in the sport more often, which reinforces
playing basketball in our minds. Also, when we accomplish
the skill of dribbling (or my personal preference, bowling) or

successfully manage a community drive to organize food and

clothing for the needy, dopamine released in the brain reinforces our dribbling or charitable habits by producing pleasure
in achievement.

This is the virtuous loop, but we also see the vicious cycle.
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The more we think about how to study to pass that exam that
will earn us a degree and better employment, or how to best

practice language lessons with a friend and native speaker in
order to succeed in our new situation, the more the neurons
fuse. This gives us that pleasurable hormone rush when we

succeed. Likewise, the more we think about trashing the lab,
the more the neurons fuse and make us perversely elated

when we succeed at doing something destructive. Putting
other people down and being aggressive makes us want to do
it more often if that bullying succeeds. The more we repeat

“good” and “bad” thought habits, the more payoff we receive,
and the more the neurons fire in a set pattern.

Some of our group members volunteer stories of people

who associate two desires, even subconsciously, that feed into

each other. They include “I’m stressed out; I need some cake,”
or “I’m upset; I need a drink.” In the case of children, they

include “I don’t like my mom saying no. I can throw a tantrum
and break something.” The deeper the link between A (stress)

and B (eating too much cake) becomes etched into our brains,
the more our bodies express it. It becomes automatic like an

autopilot, or like eating mindlessly in front of the television
because you have done it so often. The payoff hooks us more

deeply with each repetition and produces added negative
baggage such as a few extra pounds, missing work due to a
hangover, or tension in the home. These consequences prompt
us to seek the same remedy.

Wouldn’t it be nice if we all decided to practice positive

associations? “I’m learning something new; this is exciting.”
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“I’m being challenged to understand, so I’ll imagine the
concept.” Positive thinking begets more positive thoughts
and associations. We see a smiling young man on one of the

monitors and we imagine him thinking, “I’ve solved a number
of similar problems before, so there’s no reason I can’t repair
this computer.”

We know that it can be challenging enough for adults to

learn all they need to know, to practice through repetition,
and to learn. Our brains are plastic. What about children? It

must be easy for them. They’re blank slates. Imagine if we

adults had the minds of newborn infants. The world would

be incomprehensible, as if we had landed in an alien society.
Infants begin this way. How do they learn? How do they learn
which number is larger, for example, or how to recite a nursery
rhyme? How do they learn to do those things on command?

Critical Periods:
When Babies and Children Learn
We have a pediatrician in our midst who shares her research
with us. Her pediatrician and scientist colleagues are proving

the principle that the brain goes through certain stages of

openness. Adults often joke that their brains are too crowded

and that they don’t have enough “computer memory” to learn
certain concepts easily. While we can learn through practice (or

neurons firing together and wiring together), evidence proves

that there are certain times of life called “critical periods.”
These are times when windows open, allowing information to
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soak in. They then close. Optimal learning takes place as the
brain soaks up exterior stimuli.

A human baby, swaddled and cuddled, takes in love and

nurturing with its mother’s milk. Imagine the contentment
as the child hears reassuring words while suckling. Snuggling
against its mother, the baby feels at one with her and learns to

trust others. Emotional and social “wiring” is already taking

place as the baby learns to associate these positive words and

feelings of being loved with feeding time in the first weeks of
life. If the parent cuddles and soothes the child, responding
to cries with consistency and love and warmth, the child will

expect that same kind of love from family members and future

mates. This first oral period, a critical nurturing period, may

be the most important period in the child’s early brain growth
and development.

Imagine the stages of infancy and childhood as windows

of time, during which the nervous system develops. The

newborn stage is an excellent example of a window of time in
which new brain systems and maps develop with the help of

stimulation from the environment. This stimulation includes a

mother’s voice, siblings’ chatter, and so on. The baby also takes
in the environment by feeling, looking, hearing, smelling, and
sucking, and its “library” of information is growing and being
established for the rest of its life.

When these stages proceed normally, large-scale devel-

opment takes place in infants’ superdense brains, which are

one quarter the size of adults’ brains. Although babies’ brains
are slow to respond to changes in stimuli at first, babies can
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process information at more rapid rates over the first few
months. Brain plasticity is off the charts during this time, with

an amazing two million new synapse connections per second.
Peak performance is reached as infants focus their attention
(thanks to the nucleus basalis) on their mother’s face, a nursery
rhyme, or a ball bouncing across the floor. Key connections or

bonds in the brain are strengthened. The parents are still an

enormous influence here. Think of the child’s brain changing

like moldable plastic used in arts and crafts projects, finding
its shape and laying down major neuronal connections. Once
those connections or bonds solidify, the brain stabilizes and
this critical mental period ends.

We watch videos of children in an emotional critical

period lasting from ten to eighteen months. During this
crucial period, the emotional command center of the frontal

lobe develops in order to allow children to form family ties
and friendships. The newly developed circuits in the neo-

cortex and limbic systems allow the children in the videos to
read Mom’s facial expression and control their own emotions

(anger, tantrums, and frustration). As adults, we will carry that
emotional understanding and diagnose our own emotions, as
well as read other people’s.

Babies, infants, and children traverse these critical chro-

nobiological periods worldwide as their brains and bodies

undergo periods of sensitization to new impulses and
incitements. These are all critical periods of intense plastic
development.

Take the phenomenon of language, for example. One
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of the most unique characteristics of humans is that we can

actually express ourselves. This process receives a jumpstart in
childhood.

As we listen to a tape of children speaking words or adults

talking to children, we learn that somewhere between birth and
the age of five, children progress from reading the movements

of lips in infancy to registering vocabulary and grammar, and

sometime between six months and a year, spoken language

prepares the baby’s brain to be multilingual. The children learn

the word “ball” as well as the order of the words “I play ball.”This
is a phrase spoken by one of the children on the tape. That’s the
English version. The French version is “Je joue au ballon,” and

the German version is “Ich spiele Ball.” Along with the particular language spoken, children learn pronunciation, or the way

that the tongue, mouth, and so on work together to produce

the words and accents. In the parent voices on tape, we hear

that New Yorkers, Texans, Cajuns, Midwesterners, Londoners,
and Scots all speak English in diverse and easily distinguish-

able accents. Not only that, nonnative English speakers have
their own accents such as those of native speakers of Mexican
Spanish or Russian. Children can detect these.

During critical language windows like the one lasting from

birth to three years of age, the children on our tape can actually

learn two or more languages. We stop and ponder why this is so.
Why should babies be able to read lips, and why does the fresh-

ness of their minds allow them to learn two languages (such

as Spanish and English or French and German) more easily?

If children are exposed to bilingual teaching (one language
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at home and another in the classroom for example), they can

speak both languages equally well due to the help of the envi-

ronment and their teachers’ nurturing. Let’s say a child learns
and does his or her homework in French because he or she is
living in France, and yet English is spoken in the home.

After the critical period, however, the children on our tape

no longer learn English, German, or any other language with

the same ease. We watch a time-lapse video of a young learner’s

brain map as neurons dynamically integrate two languages. We
then see the window closing as the neurons are set in a more

permanent pattern. We simultaneously hear the young learner
speaking French with a French accent and English with an

English accent. Both the visual and voice show us that babies
pick up languages naturally, but with age, the learning process
takes more effort.

Babies are aware of their mother’s voice in the womb, and

they can recognize her sound at four days old. They remember

the rocking and constant “shhhh” sounds inside the womb.
Despite their large brains, however, their neuronal structure is
like a sensory library waiting to be filled and their brain maps

are only blueprints. Why is this so? We think about our early

years and our children’s early years, when we have a fuzzy
picture of the world. We wonder why critical periods are so
plastic and flexible that each new experience, such as babies

hearing language, playing a game with Mommy and Daddy, or

learning to recognize their faces, changes brain structure and
makes a baby’s or young child’s brain sensitive.

Because of this sensitivity, babies and toddlers can pick
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up new sounds and words effortlessly during these first years,
which are known as the “language critical period.” When

a mother or father says, “Let’s play blocks” or “Show me the

red block” during this period, the mere exposure to sentences,
sounds, and words allows children to lock those words into

their brains, which actually changes the wiring of the brain.
In essence, the library is filling up, but it is constantly open to

receive new material and continuously under renovation until
age five.

Interestingly, animals and birds such as newborn kittens and

ducklings also have a critical period in which brain pathways
rapidly form. We observe baby kittens at four weeks of age and

ducklings in the first week of life. From three to eight weeks,
those baby kittens will develop their vision. The ducklings are
already feeding themselves, and they will learn to fly at an age
of somewhere between three and ten weeks. A four-day-old

baby antelope runs through the lab. In most animals, these

critical windows close forever after just a few months, and the
animals have no stimulus beyond their routine to go with. The
ducklings will fly, migrate for the winter, swim, and feed on
schedule, and the antelope will eat grass and migrate according

to its innate brain makeup. We wonder why this is so, but let’s
continue with our focus on humans.

Let’s explore the children’s world at twenty-six months, or

around two years of age, when a child’s plastic development is at

its height. Stimulation and interaction with the world complete
the basic brain structure.

As we revisit those right and left hemispheres of the brain,
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we make some interesting discoveries. The right brain connects

us to people and is responsible for the musical component of
speech such as the tones, nuances, tempo, and volume by which

we convey everything from contentment to anger. The right
hemisphere of the brain has its critical period from birth to the

second year of life. We watch infants experience emotion. The
“how-to” left hemisphere is responsible for speech and linguistics as well as problems using conscious processing.

By viewing a simulation of the right hemisphere of our own

child’s brain as it develops during the first three years (synaptic
development is rapid), we discover that the right hemisphere is

larger during those years, especially at about two years of age. It

dominates the brain during this period. While this is occuring,
children are right-brained, emotional creatures, but they cannot

talk about their experiences except in simple words and phrases.
This is because language is a function of the left brain. We have
experienced this ourselves as children, although we may not

remember. We have also seen it with our own children, but we

have never thought about the invisible workings of the brain. It
is something to think about, and it evokes feelings in us.

We have the idea that these infants, who are hearing speech

with their larger right brain, may be more attuned to language
than we are. Imagine a two-month-old baby visiting the United

Nations or a major city in the world in which dozens of languages are spoken. That baby can hear the difference in sounds
between Mandarin, German, French, and English. When the

baby reaches eighteen months to three years of age, the critical

period of auditory cortex development, it will learn the sounds
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and words of its own language. As that critical period closes,
imagine that child immersed in one culture such as English,
staring quizzically when its friends say, “Guten Tag” or
“bonjour,” which the child can’t translate as “hello.” The child
will respond to “hello,” of course, or whatever the greeting is

used in its native language. Unused language neurons fade until

the infant’s brain map is, in a sense, “written in” with American
or British English, French, German, or another language.

It’s no wonder, then, that the adult brain finds immigra-

tion such a challenge. Remember our example of learning
Mandarin or French for a job assignment? Imagine if you are

an English-speaking individual who has been plunked down

in China or Taiwan and is unable to speak the language. You
struggle with the most basic greetings and words. You can

imagine someone from China or Taiwan learning English as
well. Our brains are not as well equipped to learn after the
critical period, having been filled with our own culture. Our

neural maps need rewiring and rewriting in that case because

we are learning culture, writing, sounds, gestures, and syntax

while the neural networks formed in our own culture constantly assert themselves. Our tastes in foods, family inter-

actions, music, dance, and socialization clash with this new
culture, and we’re not even conscious that we’ve acquired the
taste for French cooking or flamenco music.

Children learn more rapidly from age four to age eight,

when synaptic development is peaking. However, we look at
teenagers (there are a few on the tour) and think that there’s

something illogical about the early mass of neurons present in
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infant brains and the sharp spike in development of synapses

that falls off after age eleven. Infants have 2,500 synapses per

neuron (100 billion of them) at birth, a number that jumps
to 15,000 per neuron at the age of two or three. We ponder
the power of the 1,000 trillion neural connections in a three-

year-old child’s brain. That’s twice as many connections as our
own adult brains have! Surely our teens need more neurons in
order to learn, grow, and mature. The teens on the tour are processing abstract concepts, which they can do more easily than

young children, but they don’t have the neuronal capacity of
their younger selves or their younger brothers and sisters. It’s

no secret that teenagers’ brains work differently, but why don’t

they have the same advantage as young children, whose brains
contain about 60 percent more neurons than the teens’? Is

there some sort of significance to teen brains being developed

in some ways, but challenged in others, such as the circuits that
control judgment, emotional control, and reasoning?

Let’s look again at the images of infants we have been

studying. They come into this world with brains like clean
canvases, though there are hints of “calligraphy” knowledge

from the womb. After birth, they draw a flood of letters and

pictures (like those of birds, animals, their city, their country,
and their language) into their “library” from the environ-

ment through feeling, looking, hearing, smelling, and tasting.
Those bright, innocent, neuron-filled brains keep asking

“Why?” “Why?” Each “Why” and each answer is absorbed so
fast during these critical periods of neuron growth and dis-

covery that it will make your head spin. As the babies in the
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home movies and the videos grow up, they progress through
several critical windows. From infant to toddler to child to

adolescent, the youngsters receive encouragement, coaching,
and influence from parents, family and friends. It’s as if each

person can have a hand in “drawing” the mapping of neurons

during the formative years of a child’s life, when the child’s

brain acquires knowledge and develops neuronal connections.
In a real sense, these “maps” show the journey that these children’s future lives will take.

Unique Brains
Look around at the adults and teenagers in this room. We
hail from a variety of countries and cultures. Imagine that we

all have our brains analyzed by the equipment in this room.
To the untrained eye, the pictures might look like just a series
of brains. Each of our brains is unique, however. The seven

billion people on the planet, which are represented by the

sample tour group in this room, are all similar yet diverse.
We are alike, but my physical appearance is different from
that of someone standing next to me. I also speak a different language and have a different accent. We are alike, yet

the person standing next to me has a different psychological

makeup than her neighbors. She also comes from a different
culture with different interests.

Whether it’s a white baby born among the advanced

technology of Scandinavia, an Asian baby born in the remote

mountains in Outer Mongolia, or a black baby born in the
264

BRAIN AND MIND

deep jungle of tropical Africa, they all have identical critical

periods and the same genetic worldwide propensity. There is
brain unity in human diversity.

Whether it’s a white adolescent in the outback of Austra-

lia, an Asian adolescent in the bustle of Hong Kong, or a black
child warrior in Nigeria, their neurons are pruned away in the
same critical period. They have the same genetic worldwide
propensity. There is brain unity in human diversity.

Whether it’s a white adult in the city of Vancouver, an

Asian adult on the banks of the Mekong in Vietnam, or a

black adult in Jamaica, their neurons are now stable and they
all have to go through the same arduous process of reorganiz-

ing their neurons in order to acquire new skills. A white elderly
person in New York, an Asian elderly person in Nepal, and an

elderly black person in Egypt or America all have vast life

experiences and are encouraged to develop their neurons and

keep the brain active. There is brain unity in human diversity.
We have been told that “we are all one,” but we ponder the

truth of that statement here in this room. Is there an underlying message we should be getting? Is the universal brain
telling us something that we haven’t grasped yet?

Why do all brains experience identical critical periods

despite differences in sex and race? Why is it that the woman
next to me, who was raised in Malaysia, has the same lifelong

patterns of brain processing? You might well say that we think
different thoughts in a sense because our experiences are different, but we are alike in cognitive activity. Is it because we
are all humans? Surely, but is there something more at work?
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Mind and Cognition
We are back inside the scanning machines. We have come

to a more nebulous aspect of our examinations: cognition, a
multilayered process. We are all pondering the fact that we
think. What exactly does that mean? We could launch into

an extended philosophical dialogue or debate, but to simplify,
we’ll define cognition as that which deals with thoughts,
including our intentions, imagination, perceptions, feelings

and desires, critical thinking and analysis, reasoning, and
judgment. For plainness, let’s associate all of this activity with
the ‘mind’.

Galacti is a bit confused. What exactly is the mind? We can

see the brain on our scans with the neurons firing. However,
can we detect the mind in those pictures made of particles? To
be fair, this question has baffled scientists as well!

Scientists have not yet pinpointed what the mind is, but

for them it is a physical part of the brain. Other thinkers feel
it could be an entirely different entity that exists apart from
our neurons and brain tissue. We can see the physical brain on

the scans and in illustrations. We can touch the cortex tissue
of the brain, which is perched on a pedestal in the lab. We can

touch and examine the cortex. However, even Galacti’s capabilities won’t allow us to see and hold an elusive mind.

Galacti’s time-travel powers bring the French philoso-

pher René Descartes from the beginning of the seventeenth
century. Descartes seems a bit confused about all of this, but

he decides that he is dreaming! He is unafraid to launch into
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a philosophical argument, and happily proposes that the mind
is a nonmaterial component existing outside of but interact-

ing with brain activity. Descartes is introducing the concept
of dualism, which set the stage for the mind-body contro-

versy that started in Descartes’ time and still rages today. We

will ask Galacti to usher Descartes out and apply our mental
powers to this question of mind.

Galacti’s Sidebar
This concept of dualism, or a separate body and mind, is different than
monism, in which the mind is part of the body (specifically, the brain).
Monism argues that brain and mind are one and the same, and that the
mind can be accounted for in terms of the physical function of the brain.
If we take this to an advanced philosophical level, we come to the concept
of determinism.
We broach this topic for a specific reason. Whereas dualism indicates that
the mind is immaterial and therefore can choose (thus exercising free
will), monism identifies the mind as part of the brain, a material organ, as
if the mind were a program running on hardware. Everything is predetermined in monism, and the brain maps for the rest of your life are already
written. There’s no choice, and hence no free will. Everything is written in
advance and cannot be changed, no matter what you do.
Even our time-traveling tour guide isn’t sure which argument is correct, so
the mind-body controversy churns on and the debate of free will versus
determinism ferments passions.
I could choose to say “Explain one and the explanation of the other will
become clear.” We shall return to this subject.
267

INVENTORY OF THE UNIVERSE

We’ve delved into the philosophical, but we’re trying to

make practical sense of these ideas. While we’ve explored

brain activity, our thoughts still defy identification. We poll
the group and collect some additional ideas to define the

term “mental.” The consensus is that the definition is “Of or

relating to the mind. Intellectual and mental powers. A term

describing some intellectual processes existing in, executed by,
or performed by the mind. Mental images of happy times,
mind reading, mental picture, mental calculations, mental
projections, mental health, a terrible mental state, mental

suffering, mental powers, mental development, and mental
hygiene.” None of these actually tell us whether a thought is
a thing, that is, whether it can be measured and whether the
neurons in the brain scan produce mental processes.

Thoughts and Activity
Which comes first: a thought or brain activity?

The following experiments should answer the above

question.

We concentrate, focus, and meditate, picturing that each

of us has a leg affected by a muscle spasm or another condi-

tion. Concentrate on moving those legs from the thigh to

the big toe, and thus restructure the pain areas in the brain.
Painful sensations fade, and the legs move with greater ease

without needle aspiration or other medical treatment. In

a similar experiment, imagine that you have pain in your
forearms. Now focus on some imaginary diverting task, such
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as listing as many world cities as you can name in alpha-

betical order. The pain in the muscles lessens. Mind over

matter. Psychosomatic problems can have the reverse effect.
Imagine that someone has cut us off in traffic repeatedly,
for example, and we develop a stomachache. Our thoughts

affect our brain maps, which send signals to our bodies as an
indicator of stress.

Fortunately, there are numerous examples that show our

thoughts can change the brain in positive ways. For example,
let’s take our piano player, who is performing an activity
involving concentration. This musician coaches half our group

in physically playing the piano. We know that the supervised
activity of playing the piano improves the brain by improving, strengthening, and creating new neuronal connections in

our brain “web.” The other half of our group simply imagines

touching the keys and learning to pick out “Twinkle, Twinkle,
Little Star” or “Für Elise.” What we may not realize until we
examine scans of the brain maps is that the mental practice
of the second group produces similar brain map changes to
those of the first group, which is the one actually playing the

piano. In sports training, gymnasts who are shown videos of
proper form and technique for cartwheels and backflips are

then asked to “play” the videos in their minds. Once in the
training area, the athletes who have visualized performing a
handstand have modified their brain maps through imagin-

ing and can reproduce the same kinesthetic movements in an
actual performance.

We move from athletic and musical prowess to the
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attention-commanding examples of people with paralyzed
limbs who are able to reach out and touch loved ones. Formerly

needing assistance for everything, these people are now able
to manipulate robotic arms solely with their thoughts such as

“I want to touch your hand.” The robotic arms move exactly
300 milliseconds after the thought occurs. Other thoughts

such as “Write a letter,” “Touch the controls on the MRI
machine,” or “Pat someone on the head” produce the actions

at quick speed. The electrical interfaces of the robotic arms,
although impressive, pale in comparison to the idea that our
actions are propelled by the speed of imagination, otherwise

known as the speed of thought. Your mind connects with your
body. Your thoughts connect with your actions. Your mental
prowess propels the hardware.

Everything we imagine in this room leaves a signature in

our brains. Each thought “writes” to the brain synapses and
even “edits” them. If we imagine making a presentation, moving

our fingers across a computer, playing on a piano keyboard, or
driving, we alter the axons and dendrites in our plastic, malleable brains. “It’s only a thought,” we say. “It’s just an idea.”

Yet everything we’ve been thinking about since we began

this trip, even imagining the Big Bang, creates a physical mark

in our brain, as though “Big Bang” is written on our neurons.
The mind can change the brain. Sustained thoughts (meditation, for example) can alter the neurons firing.

We don’t understand why this is so, but perhaps someday

those thoughts and imaginings may be explained in physical,
concrete terms. Could we one day “see” thoughts (we’re
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hungry, we’re thinking about home, we’re in love) in our tangle

of “computer wire” neurons as those neurons fire? In any case,
it’s clear that thoughts do change our brains.

Galacti’s Sidebar
We ask, what does this mean?
Well, it means that there’s a very important point that hasn’t even been
addressed. How can the mental practice of thinking affect physical activity?
When we have an internal, unseen, immaterial thought about how to fix
the kitchen sink, it connects to and affects the specific part of the material
brain that handles the act of getting a washer and wrench to do it.
There must be some sort of an interface. Wherever that immaterial
thought is, what process causes it to take the material action that lights
up the brain scan?
Our group can play out various scenarios involving thinking about something and taking action. For example, when we immaterially ponder how to
please our mate, it connects to and affects the specific part of the material
brain that handles complimenting her for her patience. In addition, when
you think of the important exam you have to pass, it connects to the
rational part of your brain that directs you to organize your study notes
and quiz yourself on the weak spots in your knowledge.
This dynamic of the immaterial that affects our actions proves true repeatedly for the millions of other thoughts, intentions, predictions, plans,
imaginings, perceptions, feelings, desires, reasonings, and judgments we
have day in and day out. Every moment we imagine something, we can
do it. We have image maps of brain activity stimulated by thoughts, but
we don’t understand how they connect to each other or how they operate!
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The material brain is a processor that receives thoughts

and imaginings and then sends messages to the correspond-

ing parts of the body to turn those ideas into actions. When

I’m in a store picking up a package and notice a child falling
over, my brain registers this event and I immediately think
“Put down the package and go help the kid.” My brain coordi-

nates my hand, my legs, and the rest of my body with reflexive
action in order to perform those actions. This is one example

of the brain coordinating and processing a multitude of other
actions via its material sensory system with swift and organized precision. Obviously, lifting up a child is easier mentally

than solving a mental problem or psychological difficulty.
Imagine how much more complicated it is to make psychological changes.

If someone around you is having a personal mental crisis,

you and a trained psychotherapist working with that friend,
coworker, or loved one can help change the brain through
talk therapy. The brain may be struggling with old connections such as the habits we talked about earlier, being stressed

and arguing, or old relationships causing difficulty relating to
others. If the person close to you follows suggestions such as

replacing anxiety when he feels belittled with a more positive
thought like expressing willingness to learn from criticism, it

can lead to healthier actions and feelings. Even talking about

personal situations, receiving teaching from a psychotherapist,
taking suggestions from a friend to do some physical exercise,
or doing something positive can inspire a thought in the mind
that changes the brain.
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We can think of a “meeting of the minds,” or a mutual

communication between the person in difficulty and a parent

or friend. In a sense, we are talking to the neural connections,
communicating with synapses by exchanging ideas. On a one-

on-one basis, we are experiencing from others how the new
thought adjustments can manage emotions. Psychotherapy

and talk therapy teaching work in this way. As teacher, the
psychotherapist can be compared to someone making fine
adjustments or fine repairs in neural networks. Through

helping someone to see the truth about a past relationship
or traumatic situation, the psychotherapist helps the patient
change his mind and create a new direction in his brain map.

After all this talking and teaching, can we see changes in the

MRI images, in our CT scans taken in vivo on volunteers from
our group? Yes, we can see the physical map changes in the 3-D
images as a result of functional modifications of the neurons in
the brain, but as of yet we cannot see the mind or thoughts. We
can, however, watch the differences in color of the images on

the MRI as Galacti or a teacher in the group gives instruction,
witnessing the changes in behavior of the brain which indicate
modification in thoughts, emotions, and expression.

And of course, we can imagine or think that we are finished

with this exploration, that our minds are full of thoughts and
our neural maps have been redrawn. Well, it’s true: we are
finished with this part of the journey, but the new thoughts
are pieces of the puzzle and our brain maps are still plastic
and changing as we continue our trek to assess, analyze, and
amalgamate in search of The Explanation.
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Those three-week-old kittens and ducklings we spoke

of earlier have reappeared in the lab, courtesy of Galacti. We

watch them and we wonder: Do they think? Do their brain
maps change?

Galacti has an insight: “Both fauna and man have brains,

but it is solely man’s brain, mind, and intelligence that have

bestowed on the world everything that you’ve learned,
acquired, inherited, created, invented, devised, imagined, and

dreamed. This includes the ideas and conclusions you have in
your minds right now.”

Our thoughts are diverted by a question: Why are we

humans born helpless as infants, with a plastic brain that
has incredible potential? Why is it that our brains are more

powerful than any other creature’s on Earth, yet they take
many years to reach maturity, whereas animals born with

brains and many living organisms without brains are operational immediately at birth or within a relatively short time?
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n this first tome of The Explanation, we’ve quickly surveyed
our entire universe. With Galacti’s help, we’ve visited and

experienced scenes that are normally inaccessible. We’ve
traveled from fundamental particles to the formation of the

elements that make up the vast universe, descending through

our atmosphere to survey water and earth, the support systems

of life itself. We’ve examined the role of plants as intermediaries between the inert mineral world and the organic world of
animals and man, and we’ve ended with an analysis of man’s
brain and mind.

It is necessary in our Inventory of the Universe to come

down to man who, with his present knowledge, sits at the
pinnacle of this incredulously complex and at the same time

beautifully simple cosmos, at least as far as mankind can
ascertain of himself.

Science and its incredible array of tools, from the Large

Hadron Collider that confirmed the existence of the elusive

boson particle to Voyager 1, the first vehicle after thirty-five
years to travel into interstellar space, have put our universe on

display, from the minute to the immense. Each day we learn

more about its wondrousness and how it works, and we are

literally humbled by its magnitude. Written material, photos,
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and videos abound to expand on the marvels of which we’ve
just scratched the surface.

However, in this opening volume I’ve given you an overall

view of its splendiferous entirety. We cannot put the puzzle

together if we don’t have all the pieces. They are now before

us, turned right side up. We see them in sequential order as
they’ve developed over 13.8 billion years.

During our amazing journey, we’ve discovered a number

of conundrums summed up by that unanswerable question:
which came first, the chicken or the egg? Did amino acids

come first, or did the proteins that contain and produce amino
acids?

Science and mankind still have much to discover, but

can we answer such a question? Can we go beyond that? For
instance, a common question is “What was ‘there’ before the

Big Bang?” Another common question is “Where did that

initial explosion come from?” Let’s ask another: “We know
that the expansion of our universe is accelerating, not decelerating. What implausible force is behind such a venture?” And

another: “Since our universe is composed of space and time,
and since it’s expanding, what is it expanding into? What’s out
there beyond the extremities of our universe that is becoming
a part of it at a rate of billions and billions of square kilometers per second?”

Galacti has put on his kiddie cap and is asking his “why”

questions: “Why does this universe exist? Why is man on
Earth? Is there a point to life?” These are what we’d call
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philosophical questions. Some say “Who cares? Does it

really matter?” but others either offer ideas or are looking for

answers to such questions, whether the answers are scientific, philosophical, or spiritual. And the ultimate satisfaction

would be to have the answers satisfy the scientific, philosophical, and religious minds. Is this possible? That’s the challenge
The Explanation has set for itself.

In the universe, on Earth, only man can set such a chal-

lenge for himself—puny man: so insignificant, yet so remarkably noteworthy.

Yes, man is at the pinnacle of the life chain, and at the

same time he is fragile and lacking in so many areas. This is
the paradox of man. The amazing saga of how man got to be
where he is.

The incredible thing about the story of man compared to

animals is that he comes up short in practically every single
department, and yet he still ends up coming out ahead!
Imagine the unimaginable.

Amazing Animals and
Less Amazing Humans
A strange assortment of animals from our chapter 6 menagerie
has marched into the lab as we continue to study and compare
them. The chuckwalla, for example, sneezes salt to lower the
sodium content in its body. This is a handy survival tool, since
the chuckwalla receives enough salt in its diet of desert plants
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to kill an ordinary animal. This is yet another thing we humans

may want to emulate, given the well-publicized effects of too
much salt. Still, active adults do lose salt through perspiration.

From the baby rats born with a sense of direction to the

chuckwalla with its sodium defense, animals seem to outper-

form man in many respects. As our tour group continues to

interact with some of the animals while taking care to avoid
inciting their wild instincts, we are struck by the cleverness of
the chimpanzees and the grace of the hummingbirds.

Our tour group has probably heard of the tales of Lassie,

Rin Tin Tin, Tornado (Zorro’s horse), and Flipper the dolphin.
If so, these people have been intrigued by the exploits of these

creatures. Lassie’s rescues or Flipper’s friendship with humans

suggest that animals have an emotional relationship with man.
We watch videos of a lion cub brought up by two human

brothers who, when he becomes too big to keep in their home

at eight months of age, release him into the wild. Years later,
the brothers seek out the full-grown, “jungleized” lion. Even

after such a long time, the lion recognizes the men and comes
playfully bounding up to them, placing his huge paws on their
shoulders and licking them in joy. We have seen these videos on
the Internet and TV, but we enjoy them once again here.

This example and others—such as dogs warning their

owners of danger or cats alerting humans to a deadly gas
leak—demonstrate that there is a relationship between certain

animals and man. That said, this type of relationship is limited

and there are one or two people or a family who share this type
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of bond with an animal. Similarly, we could discuss at length
the relationships animals have between themselves.

We view videos of a cat being raised by a horde of hyenas,

a lioness that adopts an oryx calf, a cheetah and a dog raised
together, and the social relationships of a clan of monkeys, five

females and a male, that raise their young and live together for
forty years. Among the animals that physically surround us in

the lab, we see a dog rescuing puppies from drowning. We also
see members of a pride composed of several generations of

lions. The pride is overseen by a “sage king” who watches over

the other members as they hunt, breed, and protect their territory as a unit.

As we look at these examples, we wonder: Do animals

demonstrate kinship as we understand it, or is it merely survival

instinct? For example, baby ducks imprint on the first moving
object or creature they see. In general, wild creatures bond with

their parents for survival. As we’ve seen, however, ducklings can
feed themselves and fly within about six weeks.

Instinct is a motivator for animal behavior. The lion cubs

in the pride are born with the instinct to play rough with their

brothers and sisters. Think of the warthog that enters its burrow

backward, facing the entrance in a charging position that helps
them confront potential predators. It’s simply learned by rote
for the warthog.

We ponder the difference between instinct and intelli-

gence. Instinct is a preprogrammed, inherent trait associated

with automatism. Intelligence is the gathering of relevant (and
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hopefully correct and comprehensive) information followed
by a deliberate decision that could be right or wrong. Iden-

tical information could cause different and even opposite
decisions in various human beings. We shall save this last
discussion for a later moment.

Although certain animals have quasi-manlike traits,

such as those we saw in some of the introductory examples,
it is safe to say that the following qualities and characteristics characterize man and man alone among the animate

beings on Earth: Love, hate, intelligence, creativity, pleasure,
evil, good, altruism, egoism, jealousy, and anger. The ability
to create new relationships (man’s “social side”) includes his

social intelligence (or stupidity). Humanity’s philanthropic
endeavors on an individual and global level, such as Doctors

Without Borders and Oxfam, help with every conceivable
problem. This includes taking care of animals!

As our man-versus-animal guide, Galacti summarizes

and points out the differences between animals and man.

Animal Senses
Animals are superior to man in every one of the five senses.
They can see, hear, smell, taste, and feel much better than
man can. We have several examples of animal abilities before
us.

Sight: A grown woman’s field of peripheral vision encom-

passes 200 degrees. With both eyes, she basically has very
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little peripheral vision: a sliver
of twenty degrees.

In contrast, donkeys survey

their world in a 285-degree

scope. This is almost a full circle.

They can see all four of their legs when they are walking.
Rabbits and horses, whose eyes are positioned on the sides
of their heads, can see the entire sphere. Their world is seen
in 360 degrees. They use this total peripheral vision to guard
against danger and predators.

Hearing: Human hearing is limited to a minimum frequency

of twenty hertz and a maximum frequency of twenty kilo-

hertz. Dogs can hear higher frequencies than you and I can:
up to sixty kilohertz. This is shrill enough to detect a dog

whistle. Cats can hear their prey’s ultrasonic calls up to a
frequency of about eighty kilohertz, and their pivotable ears

hone in on a sound’s direction. Bats and dolphins can hear up

to 160 kilohertz. On the lower end of the scale, elephants and
moles can hear “infrasounds,” or pitches below the range of

human hearing. This allows them to detect the vibrations of
earthquakes.

Smell: Pigs have twenty-eight olfactory nerves in their noses,
while a goat has twenty one. This is in contrast to our human

two. Dogs have noses millions of times more sensitive than
us, which allows them to follow day-old trails, find missing

persons, and sniff out drugs and explosives. Their keen smell
can even detect termites and bed bugs.
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Taste: Compared to humans with our 10,000 taste buds, the

catfish’s body is covered with tens of thousands of taste buds.
Catfish live and feed in murky, muddy waters. Although they

have eyes, their taste buds allow them to locate a morsel in an
Olympic-size swimming pool. Butterflies have taste sensors
on their feet, which permit them to know both what is good
for food and where to lay their eggs.

Touch: Cats can use their whiskers to “touch” a space and

sense whether it is too small. Similarly, a seal’s whiskers have

many more nerve fibers and can feel fish 180 meters away.
This distance is equal to about four lengths of an Olympic

swimming pool. Cats can sense earthquakes because the fine

touch receptors in their paws detect tremors in the ground.
Similarly, catfish, which have smooth skin, can feel earthquakes
using their finely developed sense of touch as can the star-nosed
mole which has six times more touch receptors in its nose than
humans have in their hands. A manatee senses fish many miles
away thanks to the many tactile hairs that cover its body. We

talk about things that make the hair on our arms stand up, but
the manatee’s hairs are far more sensitive.
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Animal Senses

Human Senses

Eyesight
Buzzards can see small rodents
from a height of 15,000 ft. They
have one million photoreceptors
per square millimeter. Jumping
spiders have regular and ultraviolet vision. They see both night
and day. Camouflaged prey glow a
bright blue-green and don’t stand
a chance.

Man takes a beating in each of
these areas separately, but in a
pentathlon including all these
senses, man would fare better in
comparison to the animals.

Hearing
Dogs can hear a can of their food
being opened and make good
watch dogs because they can hear
a pin drop. This pales into insignificance compared to the ultrasound
hearing of the Eurasian Greater
Wax Moth at 300 kilohertz.

Remember, human hearing is
limited to a maximum frequency
of twenty kilohertz.
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Animal Senses

Human Senses

Smell
Sharks can detect one drop of blood
in 10,000 liters of water. Bears can
smell food twenty-nine kilometers
(eighteen miles) away. The grizzly
bear can smell a carcass some
twenty-five kilometers away, and
they know what eau de cologne
you’re wearing long before you
ever see them.

With six million olfactory receptors, man is feeble compared to
a dog’s 220 million. Nonetheless,
he can distinguish thousands of
various odors. Using his smell and
taste together, he can differentiate the infinite variety of aromas
of wines from around the world.

Taste
Flies know what to expect when
landing on food because they have
taste buds in both their feet and
proboscis. Cows and herbivores in
general have more taste buds than
humans. As they munch away, they
can easily detect dangerous plants
and move on to safer grazing.

Our taste buds are concentrated
on the tongue and its immediate mouth area. This allows us to
detect five basic tastes: salty, sour,
bitter, sweet and umami, which is
associated with glutamates.

Touch
Crickets have hairs under their
abdomen that are so sensitive that
the slightest change of movement
in the air warns them that an
unwelcome guest is approaching.

Certain people can “sense”
someone in their presence. Otherwise, our maximum reach is our
arm’s breadth.

286

THE HUMAN/ANIMAL DILEMMA

Animal Bodies
Both our human bodies and the animals’ bodies that we saw
in chapter 8 are an amazing result of chemical processes that

lead to the makeup of some 7.8 million species in the animal

kingdom. Most of these are insects. Animal bodies come in all
shapes, sizes, and forms. Incredibly, they can also come with or

without every single organ. Jellyfish don’t have a heart, blood,
or a brain, and they don’t have any other organs, either. We talk

about a frog, a worm, and a human heart. All three function in

a different way, even though the end result is always to pump

blood. On the other hand, certain worms don’t have a heart.
Their body movement is sufficient to circulate their blood.

Even though man’s body is a masterpiece, it generally

comes up short in comparison with the animals’.

Animal Bodies

Human Bodies

Brain
Elephants have a bigger brain than
humans, weighing in at 4.662
grams. That’s 0.22 percent of their
total body weight. A dolphin’s
brain weight is similar to man’s at
1,500 grams, or about 2.5 percent
of its total body weight.

Man has a smaller brain than the
biggest animals at only 1,500
grams, and it represents 2.2
percent of his total body weight.
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Animal Bodies

Human Bodies

No Brains
If we consider the brain to be
a central system for controlling
the functions of the body and
mind, we can count the groups
of neurons (ganglia) present in
oysters as brains, each performing
separate functions such as eating
and moving.
Eyes
Eyes are not essential for certain
blind ants and worms. Some fish,
seafood, and beetles have no eyes.

Humans have a blind spot where
the optic nerve passes through the
retina. In octopus eyes the optic
nerve routes around and behind
the retina.
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Animal Bodies

Human Bodies

Eyes (cont.)
Pupils don’t always have the same
round shape within the eye. Cats
have vertically slanted pupils and
goats’ are slanted horizontally. Cats
have a reflective layer behind the
retina, which sends part of the light
back into the eye and gives them far
superior night vision than man has.
Bats have eyes for another
specialized purpose. They are
poorly developed for sight, but
they use sonar and echolocation
to find their way about. However,
when there’s nothing to bounce the
guiding waves back to the bats’
oversize ear antennas (which can
happen during long distance migration), their eyes have the ability to
take over the task of navigation.
Lungs
The bar-headed goose migrates
across the Himalayas. These birds
have reached altitudes of 7,200
meters. Mount Everest is 8,850
meters high, and aircraft fly at an
altitude of 9,100 meters.

Man is best suited for living at sea
level, where oxygen binds best
with his red blood cells to fuel the
body.
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Animal Bodies

Human Bodies

Lungs (cont.)
Considering the added oxygen
supply needed for flight and the
one-day crossing time, this is one
of nature’s grandest feats.
The hadal snailfish swims and
breathes at a depth of eight kilometers (five miles) in the Japan Trench
of the Pacific Ocean. Tuna swim at a
steady rate of fourteen kilometers
per hour. They never stop moving
until they die. The water has to be
moving so that they can breathe.
Other breathing organisms
don’t even use oxygen. Bacteria
located 400 meters beneath a
glacier can “breathe” iron. Shewanella bacteria found in the
soil around nuclear disposal sites
can “breathe in” toxic waste and
“breathe out” hematite. They can
exist with or without oxygen.
Stomach
In the wild, food has basically no
preparation. It’s hunt, catch, and
down the hatch. “Eat and go, go
and eat.”

Man generally must prepare his
food by cleaning and cooking. He
needs fire and time.
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Animal Bodies

Human Bodies

Stomach (cont.)
Cows have four stomachs and can
digest fiber, which man cannot do.
Many animals gobble down the
whole bodies of their prey, including bones, organs, tough skin, etc.

Man can and does eat raw foods,
but his diet generally involves
cooked food. Fiber is needed as
roughage to cleanse the colon, but
it is not digested.

Muscles
A caterpillar has 4,000 muscles
total, with 248 muscles in its
head alone. An elephant’s trunk
has 40,000 muscles. Ants can lift
twenty times their body weight.

Man has 650 to 800 muscles in
his body. He has forty-two facial
muscles.

Animal Movement
If animals participated in the Olympic games, practically all

the medals would go to them. Both their streamlined bodies

and power-produced movements confer formidable athletic

prowess on them. Bats can’t walk because their legs are too
thin, but they are the only mammals that use their legs for

sustained flight. They support the wing structure when flying,
so unlike birds, which flap their wings, a bat only flaps its

extended webbed digits. It can also migrate hundreds of kilometers to reach its warm destination.
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Animal Movement

Human Movement

Jumping
Fleas can jump fifty to one
hundred times their body length
using their feet.

Man has an underdeveloped body
when it comes to his capacity
to move, run, jump, swim, and
fly, but man has conquered all
these areas with his inventions.
Using them, he can far outdo the
animals.

Flying
Flying squirrels can glide/leap up
to thirty meters, or one hundred
feet. Bar-tailed godwits were
tagged and tracked as they moved
from New Zealand to the Yellow
Sea in China, covering 11,000
kilometers in nine days of nonstop
travel.

Running
Cheetahs can run up to seventy
kilometers per hour and are
the world’s fastest land animal.
Considering the speed of an ant,
weight for weight, man would be
able to run as fast as a racehorse.
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Animal Movement

Human Movement

Diving
The Northern Gannet, also known
as the fou de Bassan, can dive
from a height of forty meters at
treacherous speeds of sixty to one
hundred kilometers per hour, then
continue swimming to depths of
twenty meters to catch and swallow
a fish before it resurfaces. It is
aided by its subcutaneous air bags.
Swimming
Dolphins can swim circles around
Michael Phelps at thirty kilometers
per hour, while the taupe shark
can hit fifty kilometers per hour.
Shooting
The archer fish in Thailand catches
its meal by shooting droplets of
water. It can aim at and drown a
cockroach from 1.5 meters.

Animals’ Survival in Extreme Conditions
We examine the animals in the menagerie, such as the Adelie

penguins that can withstand cold, the black scarab beetle that

can avoid freezing in harsh Alaskan winters, and the trench
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beetle that withstands the extreme Sahara heat. Their lifestyle

allows them to do things man cannot do: burrow, hibernate,
go without sleep, migrate, and live without food or water for
days and months.

Animal Survival

Human Survival

The kangaroo rat lives in the
desert, withstanding torrid temperatures of fifty degrees Celsius.
It also endures cold nights and
windstorms.
The springtail, an insect in Antarctica, can live at a freezing -50
degrees Celsius without oxygen for
up to a month.
Arctic squirrels, which are
mammals like man, hibernate for
seven months of the year. Their
body temperature falls to -3 degrees
Celsius, but their blood remains
liquid. However, their neurons
shrink, their connections shrivel, and
their dendrites disappear.
But imagine: Upon emerging
from hibernation, they have more
synaptic links than active squirrels.
That’s brain rejuvenation.
You can’t sneak up on an ant.
Ants don’t sleep.

Man is limited to living in temperate zones with temperatures
between ten and twenty degrees
Celsius, but it can go as high as
the mid-forties.
For survival, he needs a
minimum of clothing, food, and
shelter. For this, man needs to
manufacture tools and gather and
treat raw materials.
Man needs to produce food
by growing tomatoes, grain, rice,
and wheat as well as raising cattle
or sheep. Fishermen in Cambodia
and elsewhere have created an
industry by developing fish farms.
Man in the wild, especially in
a somewhat hostile environment,
does not stand much of a chance
of survival beyond a few days
armed with just his bare hands. If
he does survive, it is certainly not
a comfortable existence.
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Animal Survival

Human Survival

Various species of ants and wasps
sting their prey in order to paralyze
them. The poison used can be
composed of fifty different chemicals.
The impact of a Mantis shrimp’s
claw, used to stun its prey, is as
powerful as a bullet fired from a gun.
Spider saliva paralyzes bitten
prey. Black widow spider bites are
fifteen times more toxic than a
rattlesnake’s.
A few animals such as squirrels
can store food by burying nuts. Others
can build up their food reserves by
storing internal fat consumed during
hibernation, like bears.
Hummingbirds’ beaks and the
act of hovering help them gather
nectar from flowers.
A seagull can drink seawater
because it has special glands that
filter out the salt.
Desert kangaroo rats survive
their entire life (about four to five
years) without drinking water. Their
metabolism recovers water from the
seeds they eat.
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Animal Stages of Life and Sociability
All animals have an uncanny talent to live and survive using

their bodily functions and “ways of life.” These ways of life

characterize the millions of species. Even within the same

family, each animal has its own lifestyle. Female snakes have
various ways of reproducing. Seventy percent of snakes lay
eggs generally in warmer climates, where the heat helps the

incubation. However, when natural heat is insufficient, certain
females have a mechanical way of heating their bodies. They
shiver in order to keep the eggs warm. This is unusual for cold-

blooded reptiles. The rest produce live young. The anaconda
actually nourishes its young through a placenta. This is also

unusual for reptiles. Other snakes combine both methods by
incubating their eggs internally until they hatch. The babies
are then born live.

“Unintelligent” animals have a myriad of differing social

habits that help them mate, reproduce, raise their young

(though in most cases the young take care of themselves from

the word go), and live in a balance of nature with each other,
with the flora, and with the inanimate world. As we know,
there is violence and confrontation (we watch videos of lions

confronting buffalos and hyenas scavenging food). What this

means is that animals kill to eat or in self-defense. They do
not perform wanton, wholesale destruction, nor do they kill
for fun. Somehow, this vast arena has established a living
equilibrium. Can we say the same for man?
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Animal Stages and
Sociability

Human Stages and
Sociability

Sex Cycles
Animals mate and produce offspring. Female and male wolves
are fertile generally once a year
in the winter.
There are chronobiological
periods during which animals are
sexually active and there is a wide
variety in these periods. There is no
birth control in the animal kingdom
per se.
Although they can become less
fertile with age, not many species
undergo menopause. A couple of
species of killer whales form the
exception to this rule.
The offspring development
period is short. It can last a few
weeks to a few months in a very
small number of animals.

Men and women understand reproductive cycles and can use birth
control methods such as abstinence, natural family planning,
and contraception to control the
size of their family.
Humans have sexual stages,
including puberty, (signaled by
the first menses, and first male
developments), fertility, and
menopause. About one-third of a
woman’s life takes place after her
childbearing years.
The child-raising process
extended for multiple years.
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Animal Stages and
Sociability

Human Stages and
Sociability

Sex Act
Foreplay is instinctive, and there is
basically no afterplay.
Animals generally have sex
only for reproductive purposes.
Examples of sex for “bonding”
purposes are few and far between.

Humans perform and invent a vast
variety of sexual behaviors.
Man has the capacity to “make
love” and take love-making to a
higher social level.

Reproduction
Animals have many different,
hyperspecialized ways to produce
offspring.
This is only a brief summary
of these reproductive methods:

Sexual intercourse, or the insertion of a penis into a vagina, is
the only natural way to reproduce.
Although there is only one way,
the positions a couple may take to
perform this act are numerous.

• Once in a lifetime
• Intermittently
• Annually
• Sexually
• Asexually
• Both sexually and asexually
• Oviparously (via eggs)
• Viviparously (via live births)
Monotremes (a type of mammal)
lay eggs. Placentals and marsupials reproduce with a pouch.
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Animal Stages and
Sociability

Human Stages and
Sociability

Marriage
Very few animals live in couples
for any length of time. Wolves,
penguins, swans, and gibbons
mate for life.

Long-term marriage is the common
standard for society, including the
establishment of a family and
close family relationships.

Offspring
Mother dogs and other animals
rarely recognize their offspring
when they are fully grown.
Most animals, including fish,
birds, and insects, have no relationship or short contact between
generations.

Parents bond with their children,
develop a relationship with them,
and recognize them even after
spending time apart.
This is a deeply accepted part
of family culture among humans.
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Animal Stages and
Sociability

Human Stages and
Sociability

Next Generation
The young imitate their progenitors. Crows watch their parents at
work. Birds push their young out
of the nest and teach them to fly.
Some young stay with their
parents or parent for weeks or
even months before they go their
own ways. Generally speaking,
they definitively cut ties with their
progenitors. Animals never relate
to their grandparents.
Most young are abandoned
to fend for themselves right from
birth, or even while the eggs are
being laid.

Children can be more intelligent
than their parents, and they can
go much further than them both
professionally and culturally. They
don’t only imitate, they innovate.
They have incredible potential
that can be developed over their
formative years and indeed, their
entire lives.
They know, recognize, and
love their grandparents as well as
their aunts, uncles, cousins, and the
other members of their extended
families.
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Animal Stages and
Sociability

Human Stages and
Sociability

Stages of Life
Most animals, insects, and fish are
“operational” from the instant
they are born.
There are exceptions. Birds,
bears, and lions care for their
young. In these cases, either both
parents, or the mother (but oftentimes just the mother) takes care
of the young. This is most often for
a very short period, and often the
parents only supply food before the
young somehow know how to fend
for themselves.
Many predators decimate
colonies of young. In these cases,
only a relative few survive to grow
to adulthood.

As children grow their senses and
capacities can be developed. We
discussed hands in chapter 8. Dexterity is used to write and in the
application of creativity. This and
other skills take years to develop.
Human children take twenty years
to mature.
The hand can finally write,
make, and do whatever a grown
child or adult imagines. They can
sculpt, saw, smelt, blow glass, plant
corn, weave cloth, cook, create
microchips, weld steel, and engage
in intellectual pursuits.

Galacti interrogates me quizzically. “Why all these blurbs

of information?” he asks. “I can see some readers being upset
and disagreeing with such generalizations.”

“I see your point,” I say. “Well, we dealt with some of this

in the fauna chapter, and I remind you that we are not dealing

with zoology or the social attributes of animals. For more
details, I refer you to the references section.

“The broad question is how each of these subjects, or
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pieces of the puzzle, relates to bringing peace and prosperity

to Earth. The fundamental question is this: Do animals have
a role to play in this? Can they participate in the discussion

via clues and input? Maybe they can contribute through their

way of life, but it would only be based on man’s observations
and conclusions.

“Can man answer the question of how to attain peace and

prosperity? We’ll see more about that in Audit of the Universe,
which is book two of this series. The point is that only man

can ask that question. He alone can debate it and eventually
lay out steps to attain it.

“There’s a huge, insurmountable gulf between animals

and man. As much as we love animals, they can in no way par-

ticipate in bringing peace and prosperity to Earth. They are as
far removed from the process as Betelgeuse, a star situated 640
light-years away from our planet.

“This chapter and the blurbs are here in order to help us

comprehend that although animals and man live on the same
planet, they are worlds apart.”

Animal Accomplishments
In spite of parrots, which can have a limited vocabulary;

monkeys, which can be taught to do tricks; tigers and dolphins,
which can jump through hoops; certain chimpanzees that can

use tools, have the ability to count, and can even calculate;
and ants, which live in a society, animals are very limited in
comparison to any baby or toddler.
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Researchers have spent years trying to teach animals

new concepts, and all they have managed to do is instill a

few tricks. They have barely touched the surface of intel-

ligence. They can harness the instincts of certain animals.
For example, they can use an elephant’s strength to physically remove tree trunks from the forest, or they can use a

guide dog’s sense of attachment to assist its master. Granted,
such intelligence and emotion can go pretty far, but there’s a
distinct limit, and very few animals are used in these more

specialized cases. In fact, if humans didn’t make the effort to
teach animals, none of them would take the initiative to make

any improvement to their lifestyles whatsoever. Baby animals

follow in the same footsteps as their genitors, whether they
are inducted into life by them or not. They never leave the

birthplace with the intent of improving on what their parents
had, thinking “I’m glad to get out of that hole; I need to make
a future for myself.” Animals have no new concepts; they are
immune to imagination.

In their own particular environments, each animal has

innate capacities that allow it to use tools, communicate, build,
organize, work, harvest, gather, store food, etc. In this way, it

lives its life in harmony with other animals of its own breed

as well as with its fellow animals. When I say “in harmony,”
I mean insofar as the balance of nature incorporates the

concept of predator and prey. All animals are prey to other
fauna. In their natural environment, they don’t have contact
with man, so they don’t need or crave contact with him. They

are quite happy to continue their existence by eating, sleeping,
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surviving, and mating as they’ve done for hundreds and thousands of years. They do this to keep their species alive in this
“eat one another” balance of nature.

Animal
Accomplishments

Human
Accomplishments

Leadership
Animals can form groups with a
number of females, with males
fighting for supremacy.
Leadership in lion prides
changes as both females and males
go in and out of groups.

A man is generally head of both the
family and extended family, but
women can also be in this position.
Men and women can head
all sorts of associations. They can
govern animals, groups, and everything else.

Society
Animals form prides, flocks,
and herds, but not nations, even
though they can form huge groups
of myriad thousands and migrate
in a very orderly fashion without
leadership.

Humans form families, clans,
tribes, nations, and continents.
They are now spread worldwide.
I’ll be expanding on this special
capacity of man in book two,
entitled Audit of the Universe.
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Animal
Accomplishments

Human
Accomplishments

Cooperation and Commerce
Symbiotic
exchanges
occur
between sharks and pilot fish.
You will never see an animal
running a business for profit or
trading services altruistically
beyond what their instinct dictates.
Animals don’t have an equivalent of human welfare organizations. Although within small groups
there can be mutual assistance, it’s
basically each animal for itself.
Animals can be of great assistance to man. Guide dogs for the
blind, dolphins swimming with
people, and horse riding are of
immense service and benefit to kids
and adults with certain physical and
mental deficiencies.
Let’s remember that man
organizes these judicious encounters. Man often has to prepare and
painstakingly train these animals,
who would not take these initiatives
by themselves.

Humans learn to exchange
services and work together.
Man has developed a
monetary system and a gold
standard. He builds businesses and
provides services.
There are voluntary community services. Humans give a
helping hand as well as recruiting
and training novices.
Educators, doctors, nurses,
and others work for humanity
and add to the pool of beneficial
knowledge.
Man has animal welfare
organizations.
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Animal
Accomplishments

Human
Accomplishments

Ethics
Animals have no morals. Animals
just “do their thing” instinctively
or naturally. Man studies this as
Ethology or Social Biology.

Man can watch over man, but it
doesn’t always work that way
because of the presence or absence
of justice, truth, vanity, and lies.

Animals are predictable.

Man is unpredictable.

Animal and Human Intelligence
The areas where man excels are his brain and his mind,
although sometimes we wonder about this! We associate

thought, reason, emotion, and creativity with these apti-

tudes. Along with this, man has manipulative dexterity. He
uses his hands to essentially formulate and fabricate whatever
he imagines. Finally, his vocal cords and the written word

give him the capacity to communicate knowledge, exchange

ideas, interact on a social level within his institutions (such
as families and communities), and transmit his know-how to
future generations.

Today, there are studies showing that animal intelligence

is close to man’s intelligence. Well, the fact that animals have

intelligence and emotions is undeniable, but it is not realis-

tic to think that it is anything equivalent to a man’s intel-

ligence when coupled with his hands to flesh out his ideas.
The magnitude of this combination of man’s brain and body
is unimaginable. Who would have ever thought a 3-D printer
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was possible? Yet man invented it. In this area, man surpasses
animals.

Animal
Brain and Instinct

Human
Brain and Mind

Animal decisions and motivations
are instinctive. Animals are not
decision makers; they are executors of an innate path that is laid
out for them from birth.

Man doesn’t operate based on
instinct, though he does have “gut
feelings” that can direct his mind.
Man is a decision-making being.

Animals have left and right sides
to their brains as well as asymmetry for survival like humans have.
It allows dolphins to sleep and
swim or chicks to peck and detect
predators at the same time.

Man goes much further by combining information from both sides
of his brain to imagine, reason,
understand, and execute his
thoughts through creativity.
Man has invented and conquered many of the animal skills
and talents that we saw in chapter 6.
He has better methods of mimicry,
speed, adherence, and so on.

Animals can predict tsunamis, the
sinking of a vessel, and the occurrence of earthquakes because of
their inherent physical capacities.

Man predicts based on education,
insight, and science. This allows
him to project into the future.
At worst, it’s magic and
guesses. At best, it’s based on scientific evidence.
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Animal
Brain and Instinct

Human
Brain and Mind

Animals can be cute and cuddly,
but they are not intelligent for the
most part. They don’t think, they
react. When they are not in their
environment, man has to take
care of them, train them, and lead
them.

Man can discover, understand,
solve problems, learn, invent,
do exciting things, experience
pleasure, program, prepare, and
give.

Animals make tools. Chimpanzees
and crows can copy from others,
including humans.
Animals learn from man. They
can do extraordinary things. For
example, parrots can learn a few
hundred words and even participate in a very limited conversation.
Some primates are able to
count and do very simple math
exercises. This is often after long
periods of painstaking training and
many morsels of sugar.

I saw a billboard by the Emerson
Electric Company at the Hong Kong
airport. Their slogan captures the
spirit of man’s ingenuity in answer
to the challenges to his progress:
“It’s never been done before.
Consider it solved.”
Another example is IBM’s
“Think Different” campaign.
The list of discoveries made
by people who thought “outside
the box” is unending: antibiotics,
the polio vaccine, the fact that light
is both a wave and a particle, the
theory of relativity, Fermat’s Last
Theorem, and so on.
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What Is an Animal? What Is a Human?
“Sam,” says Galacti, “I see where you’re going with this. You

appreciate animals but you are explaining the vast difference between what they and mankind have accomplished on
Earth.”

“Indeed,” I say. “In chapter six I covered animal ability—

an ode to their capabilities, as well as pointing out their
incredible intelligence, talents, and emotions. I’m aware of
ethological studies of animal behavior in their natural habitat

as compared with laboratory studies. These studies are reveal-

ing that we have underestimated the capacities and behaviors
of animals.”

However, when we look at the world today, who is trans-

forming it? Who is at the heart of all, and I mean all the

changes, modifications, and revolutions that have historically
taken place and are reordering society at a seemingly speedier
pace today? I believe the answer is man, and I believe readers
would agree with this.

From that point of view, animals, with all their intelli-

gence, emotions, and behavior have not had any impact on

this planet’s forward march into the twenty-first century.
Animals are in the same nonparticipative state as they were

in the nineteenth, fifteenth, and any other century. They have
made no progress whatsoever other than adapting to adjustments man has caused to their environment.
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Animal Existence

Man’s Life Project

Animal behavior is instinctive
when it is not the direct result of
initial parental tuition.

Man must learn to govern himself,
even beyond his younger years.
A life project is one of lifelong
learning.

Animals imitate.

Man creates.

Animals can communicate, but
whatever their mode of interconnectivity and the nature of
the information exchanged, it
is limited to their immediate
existence.
Animal communication does
not have to do with new ideas and
concepts that impact their future
lifestyle.

Man’s complex vocal cords and
larynx allow him to have a voice
to express everyday needs and
cognitive concepts.
He has thousands of languages as well as untold creativity
in expressing himself orally and in
writing.

Animals sleep, eat, play, reproduce, and survive. That’s their life.

Man can choose according to
his talent and skills. He has the
free will to plan and guide his
existence.
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Animal Existence

Man’s Life Project

Animals survive day to day.
They may store food or
prepare for hibernation, but this
unchanging cycle repeats itself year
in and year out.

Man can plan ahead and try
to accumulate supplies for the
future. He can develop a career to
manage people and projects. He
can make a household, a department, or a farm according to his
feelings.

Animals have no legacy other
than their place in the balance of
nature.

Man has a legacy, be it material,
cultural, or traditional. It can be
enhanced, changed or abandoned.

Animals have no need or motivation for personal development
once they’ve attained their basic
purpose. This purpose is identical
to that of their genitor.

Man can follow in the footsteps of
his parents. He can also develop
and surpass them or completely
change his life goal and pursue a
very different path.

Animals have no educational
requirements.

Man must go through an educational process involving his
parents, schooling, experience
and/or self-education. In fact,
education is a lifelong endeavor.

Animals have no skills or talents
beyond the innate skills for
which their bodies are already
developed.

Discovery is an ongoing process
that takes effort. Culture, knowledge, wisdom, and experience
develop over time and are
never-ending.
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The idea in this chapter is not to denigrate animals and

laud man. It is simply to state some of the clearer differences.
I think it is fair to say that under normal circumstances, the
most intelligent animal doesn’t come close to the dumbest

human. There’s not just a gulf between animals and humans,
there’s a huge chasm.

On the physical side, animals surpass humans with flying

colors.

On the brain/mind side, humans surpass animals with

flying colors.

“We’re taking Inventory of the Universe and the animate,

living, brainy, walking, swimming, flying portion of that

universe,” Galacti reminds us. “This is certainly the crux of what
it’s all about. This is where the highest living organisms are.”

Although the animals run off with all the Olympic

medals on this animate scale, man wins all the Nobel prizes,
hands down. It’s certainly worth contemplating that animals
are more physically oriented while man is more intellectual.

Final Notions, Concepts, and
Ideas for Thought
• Why is it that a blind piglet can find its way to its

mother’s nipples and begin suckling for its livelihood
seconds after birth, while a newborn human baby would
die if it did not have the nipple placed in its mouth?

• Why is it that colts and fillies can get to their feet,
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wobble, and walk around within minutes after their

birth, while a baby lies on its back for months before
even starting the process of turning over, getting up

on all fours, crawling on all fours, standing, and finally
taking its first steps around ten months after birth?

• Why is it that animals with smaller brains and lesser
intelligence become independent quickly, while babies

with a huge potential of intelligence take about eighteen
years before we declare them adults?

• Why is it that animals are operational within seconds,
minutes, or days and are able to eat, hunt, swim, fly,

navigate, hibernate, and adapt to their environment,
while children have to go through a lengthy process of

years of education to learn the fundamentals of how to
live and how to earn a living among many, many other
things?

• Why do these capacities originate and manifest themselves in these ways?

Galacti indicates that, if we are going to give The Explana-

tion, we are entitled to ask such fundamental questions, even
though answers are not forthcoming at this point and even if

we can’t imagine how it is possible to answer such questions.
However, there are a lot of unimaginable things that we’ve
discussed and found to be reality, as we’ve seen. This difference between animals and man is definitely one of them.

Animals and man both have bodies, brains, and capaci-

ties. Animals’ bodies are more specialized and better equipped
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to handle their environment than those of man, especially as
that environment becomes more and more extreme in altitude

and temperature. On the other hand, as Galacti points out,
man’s brain is far superior to that of any animal, and this defi-

nitely gives man the edge in being able to control his environ-

ment. His mind allows him to discover, analyze, synthesize,
and conceive solutions, to the point that he can control his

environs to a certain extent. In summary, man doesn’t have
to submit to his environment; he can subdue and tame it to

suit his needs instead. As we saw in chapter 9, man’s mind is a

marvelous machine that can fantasize, imagine, and visualize
the most astonishing and implausible scenarios.

In fact, the mind itself stands out as the highlight of man’s

achievements: the key component, the essential constituent

that sets man apart, not only from animals, but also from the
rest of the inanimate and animate world. It sets man apart

so much that he is above them and is able to control them
using his mind. He is able to extract coal and minerals from
the earth, shape wood into furniture, and produce works of

art like the koa wood bowl from Hawaii that Galacti shows
us (the koa tree is indigenous to Hawaii), tame horses, raise
cattle, use utensils for cooking and eating, divert water by

building a dam, produce pulses of laser light, craft silicon into
computer chips, create the paper or e-reader on which you are
following our journey, make rubber into tires, turn the breath
of his lungs into music by playing an instrument, use his mind

to diagnose and treat the sick as we saw in chapter 8, and
share his knowledge by teaching others on a field trip.
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Galacti brings in our doctors and patients from the

medical setting in chapter 8. We are moved to see the doctors
caring for the patients using medical tools made of minerals
and materials from the earth. We see the contrast between the

doctors caring for strangers and animals caring for each other.

Animals care for the members of their flock, pride, or colony,
but not for intruder animals. We see a dog and an African cat
becoming friends, but only because they were raised together

and are familiar with each other. By contrast, people from
our tour have voluntarily and consciously formed friendships

with others who are from completely different backgrounds.
We even see a nurse who has a background in working with

animals help one of the Adelie penguins. Fantastical? Perhaps.
However, man’s mind can conceive of helping creatures that

will never understand what motivates him to do so. He is also
capable of helping people who can never repay him. He does

it because his mind tells him to, just as it helps him imagine,
devise, and invent ways to achieve his goal.

Galacti is satisfied that our tour group has understood the

point of this comparison of man versus animals, and he thinks

that after Inventory of the Universe we are ready for the next
stage in our journey: Audit of the Universe.
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e’ve turned over the inanimate and animate pieces of the
puzzle, witnessing the origin of our universe and going

down through the atmosphere to the water and land on planet
Earth. We’ve seen plant and animal life, and we’ve also delved
into the ingredients of life themselves.

We then focused on man’s body, brain, and mind, pointing

out that man is a unique creature that has a vast number of

traits that differentiate him from animals. We learned that this
gives him huge potential far and above what any animal could

ever accomplish. This potential is essentially in the cognitive

field and includes thoughts, imagination, creativity, analysis,
and planning. We also pointed out that the area where this
takes place is called the mind. So far, science has not been
able to put its finger on the mind. It remains a mystery, but we
understand that it is the key to the uniqueness of man.

This book, Inventory, has opened our eyes to various

aspects of our day-to-day environment that we have a

tendency to take for granted and not pay much attention to.
My hope is not only that we experience a renewed respect

for the “wonder” of it, but also that we see it as a whole. All

the processes of each aspect of our environment fit together.
For examples, see the nitrogen cycle, the water cycle, and
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butterflies, wasps, and bees pollinating flowers and plants.
These processes impact, intermingle, and create an interface
so that other processes can express themselves. We live in a

fully integrated, interdependent environment with no missing
or redundant parts.

We have opened the doors to reveal a bird’s-eye view of

our surroundings as well as some of their attributes and func-

tions. The goal is to imbibe a general and global idea of what
we’re working with, in our quest to understand if and how it
is possible to establish peace and prosperity here on Earth.

We have turned all the pieces of our puzzle right side up.

We’ve identified each of the major pieces, and we grasp how
complex each one is and how elaborate the edges are. We see

that the puzzle is one masterpiece, which is in turn composed
of multiple interwoven, smaller masterpieces. The sun’s heat

relates to wind, which relates to the rain and currents of the

Gulf Stream as air is pushed to rise over a mountain, dropping

rain on agricultural fields, replenishing the groundwater with
some runoff into the ocean—and water continues its cycle. We
can put it together and see it in our mind’s eye, but frankly, it
is beyond any of us to comprehend the complexity. We cannot
fully grasp this incredibly well oiled, purring machine we call
the universe.

We know that man has managed to scrutinize and influence

the equilibrium of this perfect puzzle as of the beginning of the

last century. Man has tended to forget that these separate pieces
really fit together. It’s like asking six blind people to describe

an elephant: the first touches the trunk and thinks it’s a snake,
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the second runs his hand down the pointed tusk and takes it
for a curved spear, the third is wrapped up in the large ear and

declares it to be the leaf of a palm tree, the fourth stretches his
hands out along the immense back and says it’s a house, the

fifth wraps his arms around a leg, thinking it must be a tree,

and the last man grabs the tail and shouts that it’s a heavy rope.
They are all wrong because they have only parts of the story.
To get it right, you have to take the sum of all the parts and see
how they fit together. You have to see the big picture.

That’s what putting the puzzle together is all about. This

book has set out all those parts. Our quest is to look at the
puzzle as a whole and see where and how all the pieces fit
together.

The next book does an Audit of the pieces we’ve turned

over. How are we progressing? What state are the pieces in?
Man has been playing with the puzzle. He has been taking it
apart and looking at pieces individually, nationalistically, and
continentally. He’s been shaving off the edges or adding bits
and pieces to each puzzle piece to suit him.

Audit of the Universe also takes a closer look at how man’s

mind functions. At the center of the puzzle, so to speak, we’ll
zoom in on how man has exercised his mind to generate suc-

cessful approaches and practices dedicated to bringing peace

and prosperity on an individual, national, and global level.
We’ll witness his successes and failures and examine where
we stand at the beginning of the twenty-first century.

When seven billion people are playing with the same

puzzle according to their own different rules, can it resemble
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the original one for long? Can its masterpieces retain their

perfect fit, each filling its position, functions, and responsibilities properly within the entirety of that intricate puzzle?

Just what shape is our puzzle in? Is it still recognizable?

How much sincere interest is there in trying to understand

the original shape? Is there a limit to how far man can go in
breaking off the edges of the puzzle pieces before the puzzle
falls apart? What is the state of our universal heritage? Do we
have peace and prosperity? Is it attainable for all? If so, how?
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All web references were correct at the time of printing.

For live links, updates, and additional book, article, docu-

mentary, and web references to these subjects, please refer to
www.TheExplanation.com.

I’ve made every effort to respect all the scientific facts but,

given the vastness of subjects broached and the regular progress
in discoveries of science, it is possible that some information

might need editing. Should you come across any modifica-

tions please let me know at sam@theexplanation.com. Please
include the sources to substantiate your submission.
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generally, 134, 303
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apoptosis, programmed cell
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attributes and functions,
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bacteria, 138–140
balance of nature aspect,
157–158
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bats, 283, 289, 291
bees, 135, 137, 150–151
biomimicry or technology
imitating nature, 146–
147, 156–157, 307
bird flight as model for plane
wings, 146
bites and stings, 295
black scarab beetle, Alaskan,
154, 156, 293
brains, 274, 307–308
butterfles, 142–144, 189, 284
cats, 134, 280, 283, 284, 289
cheetahs, 145, 156, 157, 292
chronobiology, 139–140,
143–144
chuckwalla and its sodium
defense, 279–280
climbers, 146–147
communicators, 135–137
crows, 148, 300, 308
dogs, 134, 135, 137, 283
dolphins, 145, 283, 293, 302,
305, 307
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facts, generally, 133–134
flying, 291–292
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gecko, 146–147, 152
genes, 201–206
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hornets or wasps, 113–114,
119–122, 295
human attributes and
functions, generally, 134,
303
hummingbirds, 134, 144,
280, 295
intelligence, human vs.
animal, 281–282, 306–
308
kingfisher, 146
Koko the gorilla, 135
monarch butterfly, 142
monkeys and chimpanzees,
148–149, 230, 302, 308
movement (run, jump, swim,
fly, dive, swim, shoot),
291–293
navigators, 140–144
organizers, 137–140
penguins, 152–154, 293, 299
prediction ability, 307
rats or rodents, 140–141,
280, 295
sailfish, 145
senses (sight, hearing, smell,
taste, and feel/touch),
282–286
sex activity and
reproduction, 296–298
sharks, 145, 152, 286, 293,
305

squirrel-versus-rattlesnake
confrontation, 136–137
squirrels, 292, 294, 295
survival in extreme
conditions, 293–296
swimmers, 144–146, 290,
292–293
tadpoles, 189
termites, 149, 152, 283
tool makers, 148–150
trench beetles, Saharan
Desert, 156, 294
warthogs, 134, 157, 281
weatherproofers, 152–157
animal traits
accomplishments, 302–306
bodies (shapes, sizes, and
parts), 287–291
body movement capacity
(run, jump, swim, fly,
dive, swim, shoot),
291–293
brains, 287–288
eyes and eyesight, 282–283,
285, 288–289
genes of animals compared
to humans genes, 201–
206
hearing, 283, 285
heart, 287
hibernation, 156, 294–295,
311, 313
lungs, 289–290
monkeys and chimpanzees,
280–281
muscles, 291
offspring, 299–301
relationship to man and
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other animals, 280–281
senses (sight, hearing, smell,
taste, and feel/touch),
282–286
sex activity and
reproduction, 296–298
stages of life and sociability,
296–302
stomach and food, 290–291
survival in extreme
conditions, 293–296
survival instinct vs.
intelligence, 281–282
animate world
fauna (See animal abilities;
animal traits)
flora (See crops and flora)
man (See human body
functions; human brain
and mind; human life;
human vs. animal traits)
Antarctica
amount of freshwater in its
ice, 72
desert, as, 91
survival in extreme
conditions, 294
temperature, 90–91
antioxidants, 212
ants
homebuilders, 150–152
muscles, 291
organizers, 138
sleep, 294
society, 302
survival, 295
weatherproofers, 155
Arctic tundra, 92

atmosphere
generally, 35–55
altitude’s effect on breathing,
48
Big Bang’s first seconds and
minutes, 38–39
building blocks for life,
51–55
carbon dioxide (See carbon
dioxide)
cocoon, earthly, 60, 94
gases in universe compared
to Earth’s atmosphere, 50
gases of Earth’s atmosphere,
50–55
greenhouse effect, 48–49
greenhouse level (ozone
layer), 47
ingredients for life, planet
earth’s atmosphere, 46–55
ionosphere, 46–47
layers of atmosphere, 46–51
location of earth, effect of,
42–45
magnetosphere, 46
nitrates production, 53–54
nitrogen-oxygen
composition, 46, 50–55
oxygen-nitrogen
composition, 46, 50–55
ozone layer (greenhouse
level), 47
percent of world population
living less than twentyfive meters above sea
level, 47
stardom (See stardom)
stratosphere, 47, 61
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sun’s delivery of heat and
light to planet Earth,
48–50
thunderstorms, 47
troposphere, 47, 60
vitamin D provided by
sunlight, 50

B
bacteria
generally, 138–140
breathing organism, 290
conversion of nitrogen,
53–54, 59
life process, 138, 166, 203
seawater, 72
soil, 86
balance of nature concept,
157–158
baryons, 9–11, 20
Bates Large Acceptance
Spectrometer Toroid
(BLAST), 20
Big Bang
atmosphere of planet earth,
38–39
fossil echo of Big Bang,
27–28
process, 1–33
black hole, 42, 43
black pepper plant, 115
BLAST (Bates Large
Acceptance Spectrometer
Toroid), 20
boreal forests or taiga biomes,
89, 91
boron, 75, 97
bosons, 15–16, 21–22

brains
animal brain, 274, 287–288,
307–308
human brain (See human
brain and mind)
butterfles, 142–144, 189, 284

C
calcium
human body functions, 97,
210, 221–222
reefs, 73
water, 70, 73
carbon dioxide
arable land, 102
atmosphere, 46, 52
fauna, 151
flora, 109–110, 118, 124–
126, 128
human body, 214, 216
water, 70, 77
cardiac muscle, 215, 226–227
chaparral biome, 93
chemical and mineral elements in
the body, 97–98, 210–213
chemical and mineral elements in
the universe, 41–42, 95
children and offspring, 255–265,
299–301
chlorine, 97, 211
chromium, 95, 212
coastal zones, 72–74
COBE satellite, 27
cocoon analogy of earth
atmosphere of earth, 35–55,
94
water cycle on earth, 60–63
continental shelf, 73
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copper, 97, 179, 212
core of planet Earth, 5, 49, 85, 90
core of the Sun, 49–50
cosmic story
creation of universe (See
origins of the universe)
crops and flora
Africa biome, 114–115
apoptosis, programmed cell
death, 189
Asia biome, 113–114
balance of nature aspect,
157–158
barley plant, 105–109
black pepper plant, 115
carbon dioxide and oxygen,
109–110
chronobiology, 117, 119, 120
cultivation of arable land,
generally, 101–102
Europe biome, 112–113
Fall harvest, 126–127
fenugreek, 116
fig trees, 115, 117, 119–122
flowering of plants, 118–124
fonio and teff, 114–115
full moon, planting
according to, 118
genes compared to human
genes, 201–206
India biome, 115
internal biological rhythm,
117–119
life hinges on flora, 127–129
medicines (See medicines
with ingredients from
plants)
Mediterranean biome, 113
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Mexico, Central America,
and South America
biome, 111–112
Middle East biome, 115–
116
mosses and lichens, 116–117
North America biome,
110–111
number of species of
classified plants, 105
olive trees, 112–113
orchids, 112–114
osmosis process, 107
Pacific Rim, Australia, and
New Zealand biome,
116–117
pepper plant, 115
photosynthesis, 51–52,
127–129
plant development and
growing/harvesting
cycles, 103–129
plant interactions, 111
pollination, 114, 119–124,
143–144
relationship to animate
living kingdom, 129
rhythmical responses to
light and changes in
temperature and seasons,
117–119
rice crop, 122, 127
rotation, crop, 123–124
seasonal changes, 127
seeds and plant life, 106–
109, 117–119, 124
Spring harvest, 123–126
trace minerals, 96–98

INDEX
vernalization method of
growing and harvesting,
105
wheat crop, 122–127
wind pollination, 122–124
world demonstration garden,
110–117
cross-pollination, 121

D
Death Valley in the United
States, 90–91
desert lands or biomes
animals and insects, 91,
93, 136, 155–156, 279,
294–295
Antarctica as desert, 91
appreciation of water, 62
chaparral biome, 93
component of Earth’s land,
87, 89
formation of, 90–91
photosynthesis, 52
plant life, 52, 91, 93, 279
temperature, 90, 155–156,
294
dirt. See soil or dirt
DNA
atmosphere, 52, 54
fauna, 139
human body, 210–213, 227
human life, 162–184,
191–206
doppler effect, 26

E
earthworms
genetic variations
distinguishing from other
animals, 204–205
natural fertilization, 98–102
Edelweiss, 112
electromagnetic force in the
universe, 15–17, 21, 38
electrons
atoms, 11–14
Big Bang’s first seconds and
minutes, 38
expanding universe, 25
force holding universe
together, 16–18
gluons, 20
space point particles, 6–8
theory of everything, 31
energy element, 4–5, 14
expanding finity. See origins of
the universe
eyes and eyesight, 282–283, 285,
288–289

F
fauna. See animal abilities;
animal traits
fish
deep sea, 77–78
sailfish, 145
sharks, 145, 152, 286, 293,
305
whales, 75, 297
flora. See crops and flora
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forces governing the universe,
14–24, 29–32
forests
boreal forest, 89, 91
floods in forests, effect of,
124
fowl and insects interaction,
158
grassland/savannah forest
biome, 92
nature of land, 87
photosynthesis, 52
rainforests, 93, 111
seed-carrying birds, 124
tropical biome, 93
fossil echo of Big Bang, 27–28

G
glaciers, 66, 69, 72, 79
gluons, 15–17, 20–23
Grand Unified Theory (GUT),
22, 29
grassland/savannah forest biome,
92
gravity
earth in the making, 42–44
holding universe together,
16–17, 23–24, 28–29
human skeleton, antigravity
bones, 222
plants, nutrients and water
going up stalk defy
gravity, 106–107
stardom, creation of
universe, 38–40
supernova blast, 42–44

water, subsurface and
ground, 67
weight gain consequence, 45
greenhouse effect, 47–49

H
hadrons
generally, 9–11
Large Hadron Collider
(LHC), 6–7, 9, 277
Hawaii volcanoes, 88–90
hearing function, 283, 285
heart, 70, 209–211, 213–216,
226–227
helium, 12–13, 28, 41–42, 50, 54
hornets or wasps
fig trees, 119–122
orchids, 113–114
survival trait, poisonous
sting, 295
Hubbel Telescope, 4, 39
Hubbel, Edwin, 26
human body functions
generally, 207–234
blood and breath, 213–216
bones, 220–222
boron, 97
brain (See human brain and
mind)
calcium, 97, 210, 221–222
chlorine, 97, 211
chromium, 212
circulatory and respiratory
systems, 70, 209–211,
213–216, 226–227
cobalt, 212
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copper, 97, 179, 212
elements in the body, 97–98,
210–213
eyes and eyesight, 282–283,
285, 288
facial muscles, 225
fluorine, 211
hair, 209, 224
hands and fingers, 228–231
hearing, 283, 285
heart, 70, 209–211, 213–
215, 213–216, 226–227
immune system, 50, 97, 187,
210–212
insulin, 211, 212
iodine, 212
iron, 70, 211, 212, 250
jaws, 220, 221, 223
magnesium, 97, 211, 222
manganese, 212
metabolism, 168, 211, 212
molybdenum, 212
muscles, 209–211, 224–228,
291
nails, finger and toe, 224
olfactory nerves/receptors,
283, 286
oxygen, role of, 210, 213–
216, 226–227, 289
phosphorus, 97, 210
potassium, 97, 179, 210–211
radioactive elements in body,
98, 210
reproductive systems,
189–190, 200, 231–234,
296–298
respiratory/circulatory
systems, 70, 209–211,

213–216, 226–227
respiratory/vocal system,
217–220
selenium, 212
senses (sight, hearing, smell,
taste, and feel/touch),
282–286
sinus cavity, 221
skeleton, 211, 220–223
skin, 209, 223–224
sodium, 97, 211, 280
stomach and food, 290–291
sulphur, 97, 211, 212
taste and taste buds, 216,
284, 286
thyroid, 212
tongue, 216, 217, 220, 225
vitamin B12, 212
vitamin D, 50
voices, 216–220
water balance inside the
body, 210–211, 215–216,
241, 244, 246
zinc, 97, 179, 211
human brain and mind
generally, 235–274, 306–308,
319
acquiring brain has a mind
of its own, 246–249
brain unity in human
diversity, 265
caring for others, 315
cerebral cortex, 238–240
children, 255–265
chronobiology, 257
cognition and the mind,
266–268, 314
critical periods: when babies
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and children learn,
255–265
determinism concept, 267
distinguished from animals,
314–315, 319
dualism concept, 267
environment, controlling,
314
fitness of brain (physical and
mental exercise), 248–253
gut feelings, 307
habits and repetition, 249–
252, 254
highlight of man’s
achievements, mind as,
314
image maps of brain activity
stimulated by thoughts,
268–274
intelligence, human vs.
animal, 281–282, 306–
308
language, 250, 254, 257–264
lifelong learning, 310
lobes of the brain, 239–240
man as decision-making
being, 307
meditation, 270
meeting of the minds
concept, 273
mental processes, 268
mind-body controversy,
266–268
monism concept, 267
multitasking, 244
nervous system, 240–246
number of neuron cells and
synaptic connections,

238–239, 241–243, 246,
263
optimal learning, 256
plasticity of brain, 247–249,
255, 257, 259–260, 270,
273–274
positive thinking, 254–255
prediction ability, 307
right vs. left hemisphere of
brain, 261, 307
robotic limbs, 270
size of brain, 287
sleep, 244
teenagers, 263
think first, 252–255
thinking outside the box,
308
thoughts and resulting
activity, 268–274, 308
unique brains, 264–266
water amount in brain, 72
water balance inside the
body, 241, 244, 246
weight of brain, 237, 246
wired habits and repetition,
249–252, 254
Human Genome Project, 169,
175–176, 192, 200
human life (composition and
construction processes)
generally, 159–206
adenine and guanine, 166,
169–171
amino acids, 165–166, 170–
171, 242
apoptosis, 185–189
biosynthesis and pathways,
167
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body and mind or soul, 164
brain cells, 238
cell death, programmed, 162,
187–189
cell life cycle, 181–186
cells--body building blocks,
178–180
cells, statistics, 162, 178–
179, 181
chart comparing genes of
humans to other living
entities, 201–206
chromosomes, 162, 166, 171,
183–184, 194, 201–204
chronobiology, 162, 165, 189
DNA molecule explained,
169–178, 189–201
elements to molecules,
166–168
ENCODE project
(Encyclopedia of DNA
Elements), 192
environmental factors, effect
of, 196–200
epigenetics, 195–201
FANTOM project, 201
genes comparison, human
vs. animal, 201–206
human genome, 162, 169
Human Proteome Project,
176
junk genes/DNA, 165, 181,
192, 194, 195
life is complex simplicity,
164–166
linear representation of life
processes, 166

macrophage cells, 188
metabolism, 168, 211
methylation process, 200
nucleotides and DNA,
168–170, 201
osmosis process, 177,
179–180
plasticity in gene expression,
198–199
protein folding, 165, 171,
176–178
protein transcription--a
reliable copy, 171–173
purine, 166–169
regulation of gene expression
terminology, 196–201
skin cells, 223
stem cells and
differentiation, 189–191,
200
taste bud cells, 216
translation--from
information to
construction, 173–176
transposable elements and
jumping genes, 192–195
types of cells, 162
water molecules in the cell,
177, 179–180
Human Proteome Project, 176
human vs. animal traits
generally, 275–315, 319
accomplishments, 302–306,
314
amazing animals and less
amazing humans.,
279–282
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bodies (shapes, sizes, and
parts), 287–291, 314, 319
body movement capacity
(run, jump, swim, fly,
dive, swim, shoot),
291–293
caring for others, 281–282,
305, 315
commerce, 305
cooperation and mutual
assistance, 305
environment, adjusting or
controlling, 313–314
future development, animal
existence vs. man’s life
project, 309–312
genes comparison, 201–206
instinct vs. intelligence, 281,
307–308, 310
intelligence, 281–282,
306–311
leadership, 304
morals and ethics, 306
offspring, 299–301
senses (sight, hearing, smell,
taste, and feel/touch),
282–286
sex activity and
reproduction, 296–298
social behavior, 279–282,
305, 315
society, 304
stages of life and sociability,
296–302, 304
survival in extreme
conditions, 293–295
hydrogen

atmosphere, 38–41, 50, 54
human body, 210
human life, 169, 170, 179,
205, 206
land, 95, 97
space, 4, 6, 12
water, 77, 79

I
inanimate world
land (See land)
space (See space)
water (See water on planet
earth)
insects. See animal abilities;
animal traits
iodine, 212
ionosphere, 46–47
iron
bacteria breathing, 290
Earth’s core, 85
human body functions, 70,
211, 212, 250
lava, 90
use of, 94, 95, 97

J
jaws, 220, 221, 223
Jenuwein, Thomas, 196, 198
jumping
human body, effect on, 221,
226
human life, transposable
elements and jumping
genes, 192–195
human vs. animal traits, 292,
302
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Jupiter, 44–45, 50–51, 79

L
land
generally, 81–102
alpine biomes, 92, 112
arable land, 86–87, 96–98,
101–102
composition of Earth, 85–87
deserts (See desert lands or
biomes)
earthworms as natural
fertilization, 98–102
food crops, 96–98, 101–129
forests (See forests)
grassland/savannah forest
biome, 92
layers of Earth, 85–86
mineral resources, use of,
94–96
origins of objects of work
and play, 94–96
playgrounds for man (“sociointellectual” activities”),
87–94
rainforest, 93, 111
supporting life, 85–87
trace minerals in soil,
96–101
tropical biome, 93
tundra soil, 92
volcanoes and volcanic soil,
88–90
languages and speech, 216–220
Large Hadron Collider (LHC),
6–7, 9, 277
lava
elements of lava, 90

flows from volcanoes, 89–90
magma-spewing vents under
water, 77
orange glow from a lava lake,
88
temperature of Earth’s core
of molten lava, 49
thickness and temperature of
Earth’s crust, 85
leptons, 7–8, 10, 33
lithium, 41–42

M
magma-spewing vents under
water, 77
magnesium
human body functions, 97,
179, 211, 222
lava, 90
periodic table elements, 95
universe, 41
water, 69, 70
magnetosphere, 46
malaria medicine, 111
Maldives islands, 93
manganese, 69, 97, 212
marine biome, 93
Mars, 45, 50, 79
matter element in universe, 4,
7, 11
McClintock, Barbara, 192
meadows, 52, 87
medicines with ingredients from
plants
black pepper, 115
candlenut (kukui in Hawaii),
117
fenugreek, 116
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mosses and lichens, 117
olive oil, 113
quinine, malaria medicine,
111
mesons, 9–11, 20
metabolism, 168, 211, 212
Milky Way galaxy, 44
mimicry of animal skills and
talents, 146–147, 156–157,
307
monkeys and chimpanzees
abilities, 148–149, 230, 302,
308
traits, 280–281
mosses and lichens, 116–117
muscles
ants, 291
cardiac muscle, 215, 226–
227
facial muscles, 225
human body functions, 209–
211, 224–228, 291

N
neutrons, 10–12, 14, 16
nitrogen
atmosphere, 46–47, 50–54
flora, 113, 116, 123, 128
human life, 167, 169–170,
179, 205–206, 210
land, 90, 92, 97, 99
water, 59
nuclear linear accelerator, 20

O
olive trees and olives, 112–113
orchids, 112–114

origins of the universe
generally, 1–33, 38–39
age of Milky Way galaxy, 44
atmosphere (See
atmosphere)
atoms, 12–18
baryons, 9–11, 20
beryllium, 41, 44
black hole, 42, 43
bosons, 15–16, 21–22
charts, composite particles,
10–11
charts, elementary particles,
7, 15–16, 22
chemical elements, birth of,
41–42, 95
comparison of composition
of universe’s and planet
Earth’s gases, 50
composite particles, 9–11, 14
decay of elementary
particles, 8–9, 12, 41
doppler effect, 26
electromagnetic force, 15–
17, 21, 38
electrons (See electrons)
expanding space, quarks,
6–13, 17–18, 20–21, 33
expanding universe, 25–28,
278
forces governing behavior of
matter, 14–24, 29–32
fossil echo of Big Bang,
27–28
gluons, 15–17, 20–23
Grand Unified Theory
(GUT), 22, 29
hadrons, 9–11
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50, 54
hydrogen, 4, 6, 12, 38–41
leptons, 7–8, 10, 33
lithium, 41–42
mesons, 9–11, 20
neutrons, 10–12, 14, 16
point particles (elementary
particles), 5–9
protons (See protons)
quarks, expanding space,
6–13, 17–18, 20–21, 33
theories that explain the
“matter puzzle,” 22–23
theory of everything, 29–33
osmosis process
crops and flora, 107
human life (composition and
construction processes),
177, 179–180
overview/epilogue, 317–322
oxygen
animal bodies, lungs, 289–
290
atmosphere composition, 46,
51, 102, 109
blood carries, 70
body cells, 179, 210–211,
223
brain, fueling the, 246
carbon-dioxide cycle, 52, 70,
102, 109, 118
heart, blood pumping and
circulation, 215, 226–227
heating steam, by-product
of, 6
human body, role in, 210,
213–216, 246

language and speech, impact
on, 220
natural element of body, 97
ocean, regeneration of
oxygen, 70, 75–77
plants, role of, 109–110, 128
red blood cells
transportation of, 211,
213–216, 289
sea level best for mankind,
289
skin, hair, and nails, 223
vocal folds vibration, 218
ozone layer, 47

P
pastures, 87
pepper plant, 115
periodic table of elements, 95
permafrost, 92
Phelps, Michael, 145, 293
photosynthesis, 51–52, 127–129,
139
phytoplankton, 75, 128–129
Planck (2013) satellite mission,
27
podzol soils, 91
pollination, 114, 119–124,
143–144
potassium
human body functions, 97,
179, 210–211
ocean water and freshwater,
69
protons
atmosphere, 38
composite particles, 10–13
forces holding the universe
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together, 16–17
gluons, 20–22
point particles, 6–8
theory of everything, 33

Q
quarks, 6–13, 17–18, 20–21, 33

R
rain, atmosphere thunderstorms,
47
rainforest biome, 93, 111
reproductive systems
epigenetics, 200
human body, 231–234
stages of Life, 296–298
stem cells and
differentiation, 189–190
robotics, 147, 157, 270
rodents (rats, mice, moles),
140–141, 203, 280, 283, 295

S
satellite missions, 27
satellite, COBE, 27
selenium, 212
senses (sight, hearing, smell,
taste, and feel/touch),
282–286
Shinkansen trains, 146
silkworm cocoon, analogy to
earthly atmosphere cocoon,
60
sleep
ants, 294
human brain and mind, 244

smell and olfactory nerves/
receptors, 283, 286
snowy mountains, 91–92
sodium
chuckwalla and its sodium
defense, 279–280
expanding universe, 41, 70
human body functions, 97,
211, 280
soil or dirt, generally, 81–102
space
element, 4, 23
expanding finity (See origins
of the universe)
planet earth’s atmosphere
(See atmosphere)
temperature of space, 46
Voyager I travels, 277
speech, 216–220
stardom
formation of universe, 38–40
galaxies, formation of, 28
life cycle of a star, 40–42
neutron star, 42
pulsating stars (cepheids), 26
stem cells and differentiation,
189–191, 200
stratosphere, 47, 61
sulphur
human body functions, 97,
211, 212
volcanoes, 72, 89–90
Sun
age of, 44
heat from the Sun, 48–50
temperature of core, 85–86
temperature of surface, 5, 49
vitamin D, 50
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swimming, 144–146, 290,
292–293
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T
taste and taste buds, 216, 284,
286
temperature
Antarctica, 90–91
crops and flora, rhythmical
responses to changes in
temperature and seasons,
117–119
desert lands or biomes, 90,
155–156, 294
human body, 51
lava, 49, 85
planet Earth’s surface and
core, 48–49, 85
space, 46
Sun’s surface and core, 5,
49–50, 85–86
termites, 149, 152, 283
time element of universe, 4
tongue, 216, 217, 220, 225
traits of humans vs. animals. See
human vs. animal traits
tropical biome, 93
troposphere, 47, 60
tundra biomes, 92

U
universe
animate world (See animate

world)
inanimate world (See
inanimate world)
uranium
atmosphere, 44
human body, 210
human life, 179
land, 94, 96

V
Venus, 45, 79
vitamin D, 50
Vizcaino Desert in the Baja
Peninsula, 91
vocal system, 216–217, 220
voices and tongues, 216–220, 225
volcanoes
generally, 72, 88–90
lava (See lava)
Voyager I, 277

W
wasps. See hornets or wasps
water on planet earth
generally, 57–80
amount of water, 79
Antarctica, 66, 72
Bay of Fundy, 74
blood circulation, impact
on, 70
brain’s composition, 72
calcium, 70, 73
chart, water cycle, 66
clouds function, 61
coastal zones, 72–74
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continental shelf, 73
coral reefs, 73, 75
cycle of water, 60–68,
108–109
deep sea fish, 77–78
depth of sea water, 71–72
earthly cocoon analogy,
60–63
evaporation, 65–69, 108–109
floods in forests, effect of,
124
freshwater, 69–70, 72, 79
frozen water, 69
Gakkel Ridge, 74
glaciers, 66, 69, 72, 79
gold element in oceans, 75
groundwater, 67
Gulf Stream, 78
hard water, 70
heat, oxygen, and food,
76–79
highest point in the ocean,
72
human body, impact on,
69–71
ice caps and glaciers, 66, 69,
72, 79
infiltration process, 67
Juan de Fuca Ridge, 77
magma-spewing vents, 77
Marianas Trench, 76
massive and majestic, 74–76
Mid-Atlantic Ridge, 74
mineral water, 70
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77–79, 89
oceans and seas, 72, 74–79
percent of world consisting
of water, 79, 87
percent of world’s surface
covered with ice, 72
percent of world’s freshwater
stored in glaciers, 72
perspiration in human body,
71
phytoplankton, 75, 128–129
potassium, 69
precipitation event, 65
quantity of water on Earth,
61–62
runoff, 66
sale of bottled water
worldwide, 71
salty or fresh water, 71–72
seawater, 71–72
seeds and plant life, 106–109
snow, 65–66, 68
source of water, 79
states of water, 68–69
stratosphere’s role, 47, 61
sublimation, 68
sweat glands, 71
transpiration, 68
underground aquifers, 61, 67
valuation of consumption, 71
vapor states (advection), 68
vehicle for all life’s processes,
69–71
vital water, 68–71
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zinc, 69
whales
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killer whale, 297
WMAP (2003) satellite mission,
27
worms
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silkworm cocoon, 60

Y
Yukon, 91

Z
zinc
human body functions, 97,
179, 211
ocean and freshwater, 69
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