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Preface

This book aims to shed light on the fascinating nature of the universe. We’ll begin
with a brief history of time and the fundamental forces and particles at play. Mind-
bending concepts follow, including Einstein’s theories of relativity, which describe
how spacetime stretches and warps. After that, we’ll dive into quantum physics,
which covers the mysterious ways that particles and light behave. Finally, we’ll
explore black holes, dark matter, dark energy, and recent discoveries in science,
including gravitational waves that ripple through spacetime.

The Universe Untangled is written for everyone. A professor may find it useful for
a course such as General Science, Philosophy of Physics, Philosophy of Science, or
Astronomy. A high school teacher might recommend it to curious students. And any
popular science enthusiast is sure to be inspired by its contents. So welcome, and
enjoy!
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Chapter 1

The birth and growth of the universe

If we’re going to start somewhere, we may as well start from the beginning. Let’s
rewind our clocks to what scientists believe is the earliest event in the history of our
universe: the Big Bang. We’ll see if we can wrap our heads around the beginning of
time, and then we’ll walk through some of the major events that have occurred in
outer space since then.

Most people have heard of the Big Bang since it is our best explanation for how
the universe came to be the way we observe it to be today. The words ‘Big Bang’ are
a bit misleading, because this event took place microscopically and may not have
produced any sound. Sound requires a medium, such as air, to travel through. But
there was no medium around yet, so the event was probably silent. The name ‘The
Big Bang’ actually came from an opponent of the Big Bang theory, Fred Hoyle, but
it nevertheless stuck [1].

So what was the Big Bang? Imagine everything in the universe condensed into one
tiny point of matter and energy. This miniscule, dense object not only contained the
energy and atoms of everything that will ever exist, it also contained both space and
time themselves. Scientists refer to this point as ‘the Big Bang singularity’. It is a
stretch of the imagination to try to picture this all-encompassing object, because our
minds want to place it in some region of space at some particular instant in time. But
space and time were born from this singularity with everything else in the universe.
We cannot define the location of the singularity, for there was no space yet in which
to place it. We cannot speak of what happened before it came to be because there
was no such thing as time yet. There was no concept of ‘before’. Time began at the
Big Bang, the beginning.

For argument’s sake, let’s consider the possibility that the universe is infinitely
old. If this were true, then an infinite number of events would have already occurred
before we came into existence. Looking backward in time, we would see yesterday
followed by the day before yesterday, and then the day before that, and then the day
before that… forever. That means, if the universe were infinitely old, the present
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moment could never come to be. An infinite number of events would have to happen
before it, which is impossible. Well, clearly, the present moment has been reached, as
you are reading these words right now. Since the string of events in history was able
to reach the present moment, then there had to be a beginning of time. The Big Bang
is what set our universe’s clock ticking.

Keep in mind that I’m talking about space and time in our universe. Perhaps
something unknown to us existed, and from that unknownness, our universe
sprouted. That very well may be the case, but we can’t think of that unknownness
in the same way that we think of space and time in our universe. Perhaps there was
some other space and time outside of our space and time, or perhaps something very
different from space and time existed and gave rise to the Big Bang. We really don’t
know. For our purposes here, we’ll keep our discussion focused on space, time,
matter, and energy in our universe.

Okay, so back to the Big Bang. The Big Bang theory cannot describe exactly what
happened the instant that the Big Bang occurred, but it comes pretty darn close.
Within the first super tiny fraction of a second (less than a trillionth of a trillionth of
a trillionth of a second) the Big Bang singularity contained the same amount of
matter and energy that we have today, but in a different form. Little is known about
the state of matter this early in time. We do know that the universe expanded
incredibly quickly and cooled down in a period known as ‘inflation’. The universe
continues to expand today, but the expansion was much more rapid during inflation.

At the end of this inflationary period, there were elementary particles, light, and
energy. When I say ‘elementary particles’ I mean particles even smaller than
atoms—particles that we can’t break down into smaller pieces, as far as we know.
Additionally, some mysterious stuff that we call ‘dark matter’may also have existed.
We’ll save a discussion of the elementary particles and dark matter for later
chapters [2].

All of these particles were moving at incredibly fast speeds in an incredibly hot
environment. Some of the elementary particles came together to form protons and
neutrons. Protons and neutrons are the particles that make up the nucleus of an
atom. Different amounts of protons and neutrons will make up the nuclei of
different atoms. (Side note: the word ‘nuclei’ just means more than one nucleus.) The
smallest nuclei are the nuclei of hydrogen and helium atoms. They only contain
a few protons and neutrons. So, as the universe continued to expand and cool,
protons and neutrons were able to combine to form the nuclei of helium atoms
within the first 20 minutes. Meanwhile, electrons were still floating around freely. It
was not until about 379 000 years later that electrons began to orbit nuclei to form
hydrogen and helium atoms—the first atoms of the universe (figure 1.1).

Particles of light, called ‘photons’, continued to travel about on their own. These
photons were traveling in the form of microwave radiation (we’ll discuss the
different forms that light can take in chapter 5). They became what is known as
‘the cosmic microwave background radiation’. This cosmic radiation is still
detectable today. In fact, it is one of the main pieces of evidence that supports the
Big Bang theory for the history of the universe [3].
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Once hydrogen and helium atoms formed, the universe continued to expand and
cool. By the time 200 million years had passed after the Big Bang, the temperature
dropped significantly, and particles became less energetic. In dense regions the
gravitational attraction of matter was able to bring hydrogen and helium atoms
together into clumps. These clumps of matter were distributed fairly uniformly
throughout the universe. They were the beginning of galaxies like the Milky Way
galaxy in which we live. Within the galaxies, matter in smaller dense regions
continued to come together by gravitational attraction. The atoms became close
enough together for nuclear fusion to take place. That’s when nuclei of smaller
atoms fused together into nuclei of larger atoms, releasing energy. These hot,
energetic clumps of atoms were the first stars in the universe.

Inside the stars, hydrogen atoms continued to fuse into helium atoms, giving off
light and heat in the process. Some of these stars fused all of their hydrogen into
helium and then continued to fuse helium into heavier elements like carbon and
oxygen. But in forming the heavier elements, not as much heat was given off. So
pressure from the gravitational attraction inward began to overcome pressure from
the thermonuclear heating pushing outward. In massive stars, this caused the core of
the star to collapse. A massive star in this final stage implodes fantastically. The core
collapses into a super dense object, and the exterior follows inward. Most of the star
then bounces off of the dense core, flying out into the universe. This explosion of a
star is called a supernova. Supernovae release their heavier elements into the
universe.

The heavier elements are then caught in the galaxies by gravitational attraction.
Those elements form new bodies such as planets. Earth itself was made from
elements that formed inside stars of the early universe. And about 8 billion years
after the Big Bang, the Earth and several other planets in our Milky Way galaxy
began orbiting the sun. Thus, our solar system was formed.

The elements which originated in stars caused life to form on Earth. The star that
we orbit today (the sun) continues to provide the light and energy necessary for us to
survive. So, quite literally, we owe our existence to the stars. And since the elements
that make up our bodies came from stars, in a sense we are stardust [4].

Figure 1.1. These are the common forms of hydrogen and helium atoms. The purple circles represent protons,
the yellow are neutrons, and the green are electrons. (Not drawn to scale. Actually, you can assume all images
will not be drawn to scale.)

The Universe Untangled

1-3



While I have left out many of the details, this summary brings us up to speed with
the birth and growth of the universe over the past 14 billion years or so. Figure 1.2
summarizes these events. In the following chapters, we’ll discuss how this amazing
universe works, and we’ll explore some of its most mysterious features. We’ll unpack
the forces that underlie all of nature. With an understanding of space, time, particles,
and forces, we can get into Einstein’s revolutionary theories of relativity as well as
the mind-boggling nature of quantum mechanics. We’ll explore some interesting
questions from a physical perspective, like whether it is possible to travel through
time. And we’ll discuss some of the most enlightening physical discoveries of today.
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Figure 1.2. Timeline of major events since the Big Bang.
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Chapter 2

Fundamental forces and particles

There are all sorts of interactions that take place in the universe every day. Atoms
fuse together inside stars, electricity provides light to your home, particles turn into
other particles, the moon circles Earth. All of the physical interactions in the
universe can be explained by one or more of the four fundamental forces: the strong
force, electromagnetic force, weak force, and gravity1. It is quite amazing that so
many different events may occur, yet only four forces are needed to describe them. It
is even possible that only one force exists, and the four forces we know of today are
just different manifestations of that same force.

Our discussion of forces will involve many different kinds of particles. It is less
important that you memorize all of those different particles, and more important
that you appreciate the different interactions. Our goal is to gain an understanding
of how the physical universe works. We’ll try not to get too far into the weeds with
details and pay more attention to the bigger picture. But if you do memorize one
type of particle, let it be the photon. A photon is a particle of light. It will come up
countless times in this book (and in the universe at large!). The chapters that follow
will get more into the mind-bending concepts of relativity and quantum physics.

The four fundamental forces
What exactly is a force? We have an intuitive understanding of forces on large scales,
i.e. within interactions which are observable to the naked eye. For instance, when we
push a shopping cart, we have to exert a force on it to move it across the floor. In this
large-scale sense, a force is simply a ‘push or pull’ that a body experiences as a result
of an interaction with something else. A force causes a body to change its state of
motion [1].

1Note that I said the physical interactions can be explained by these four forces. As for interactions like love,
or the creation of ideas, well those might have more going on than we think. We can reduce them to chemical
interactions in the brain, but I would guess that’s an oversimplification. Only time and discovery will tell.
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