
How Big Is Big And How Small Is Small

The universe is an incredibly vast place, and within it, there are objects of mind-
boggling sizes. From galaxies to clusters of galaxies, supermassive black holes
to enormous cosmic structures, the scale of the universe is truly awe-inspiring.
On the other end of the spectrum, the universe is also home to incredibly tiny
particles such as atoms and subatomic particles, which form the basis of
everything we know.

The Macrocosm: Exploring the Immensity of the Universe

When we think about the size of the universe, it can be challenging to
comprehend just how big it is. To put things into perspective, let's start with
galaxies. Galaxies are vast collections of stars, dust, and gas held together by
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gravity. The Milky Way, our home galaxy, is estimated to have around 100 billion
stars.
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But the Milky Way is just one of billions of galaxies in the observable universe.
Astronomers have estimated that there are at least 100 billion galaxies in the
visible universe, each with varying sizes and shapes. Some galaxies, like our
neighboring Andromeda galaxy, are even larger than the Milky Way.

Zooming out even further, we encounter galaxy clusters. These are groups of
galaxies that are bound together by gravity. They can consist of several dozen to
thousands of galaxies, stretching over millions of light-years. The Coma Cluster,
for example, contains over 1,000 galaxies and is approximately 300 million light-
years away from Earth.
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But let's go even bigger – supermassive black holes. These cosmic giants are
found at the centers of galaxies and can have masses millions or even billions of
times that of our sun. Scientists have discovered supermassive black holes
weighing more than 17 billion suns!

When we look beyond individual objects, we start to explore the large-scale
structure of the universe. Filaments, walls, and voids make up what is called the
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cosmic web, a vast network of structures spanning billions of light-years. The
Great Wall, for instance, is a massive filamentary structure composed of galaxies
spanning over 500 million light-years.

The Microcosm: Delving into the World of the Infinitesimally Small

While the universe prides itself on its grandiosity, it is just as fascinating when we
zoom in to explore the world of the infinitesimally small. At the heart of everything
we know lies the atom. Atoms are the building blocks of matter and consist of a
nucleus, composed of protons and neutrons, surrounded by orbiting electrons.

The size of atoms can range from a few tenths of a nanometer to a few
angstroms, depending on the element. To put this into perspective, if an atom
were scaled up to the size of a stadium, the nucleus would be about the size of a
pea.

But atoms are not the end of the scaling down journey. Within atoms, there are
subatomic particles such as electrons, protons, and neutrons. These particles are
even smaller than atoms themselves, with sizes on the scale of femtometers
(10^-15 meters).



Going even smaller, we enter the realm of quarks, which are the smallest known
particles to date. Quarks are fundamental particles that make up protons and
neutrons, and they are so tiny that attempting to measure their size is a challenge
in itself.

The Mind-Bending Scale: From the Macrocosm to the Microcosm
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When we compare the enormity of the universe to the minuscule nature of
subatomic particles, it becomes clear that the scale of our reality is truly mind-
bending. The size range from the largest known structures in the universe to the
smallest particles we can observe spans an astonishing 45 orders of magnitude.

Exploring this vast range of scales is not only intellectually stimulating but also
humbling. It reminds us of how small and interconnected we are in the grand
scheme of things. We are both a tiny speck in the universe and a collection of
atoms that make up our very being.

As we continue to uncover the mysteries of the universe and delve deeper into
particle physics, our understanding of scale will undoubtedly evolve. New
discoveries may push the boundaries of what we currently know about the
extremes of size in our universe.

: A Glimpse into the Infinite

From the vastness of galaxies and supermassive black holes to the tiniest
subatomic particles, the universe is a space of extremes. It encompasses the
unimaginably large and the incomprehensibly small, leaving us in awe of its
staggering scale.

While our human minds may struggle to fully grasp these concepts, the
exploration of these scales is a testament to our curiosity and thirst for
knowledge. It is a reminder that there is always more to discover, and that the
wonders of the universe will continue to captivate us for many generations to
come.
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This book is about how big is the universe and how small are quarks, and what
are the sizes of dozens of things between these two extremes. It describes the
sizes of atoms and planets, quarks and galaxies, cells and sequoias. It is a romp
through forty-five orders of magnitude from the smallest sub-nuclear particles we
have measured, to the edge of the observed universe. It also looks at time, from
the epic age of the cosmos to the fleeting lifetimes of ethereal
particles. It is a narrative that trips its way from stellar magnitudes to the clocks
on GPS satellites, from the nearly logarithmic scales of a piano keyboard through
a system of numbers invented by Archimedes and on to the measurement of the
size of an atom.

Why do some things happen at certain scales? Why are cells a hundred
thousandths of a meter across? Why are stars never smaller than about 100
million meters in diameter? Why are trees limited to about 120 meters in height?
Why are planets spherical, but asteroids not? Often the size of an object is
determined by something simple but quite unexpected. The size of a cell and a
star depend in part on the ratio of surface area to volume. The divide between the
size of a spherical planet and an
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irregular asteroid is the balance point between the gravitational forces and the
chemical forces in nature.

Most importantly, with a very few basic principles, it all makes sense. The world
really is a most reasonable place.
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