How Fast Is It — Preface

Preface

Hello and welcome to “How Fast Is It”. This is the third video book on the “How Far Away Is It”
YouTube channel. This video book has four chapters. We then have a segment on special relativity
followed by two segments on general relativity.

The Speed of Light

The first is “The Speed of Light”. We'll start in my backyard with a snail and we’ll go all the way up
through cars, airplanes, rocket ships through the speed of sound to the speed of light. We’ll look at
Galilean transformations and see what they have to say about the speed of light. I'll show you how
we first accurately measured the speed of light. And then show how we measured the very small
changes in the speed of light with interferometers. We’ll then show how Michelson-Morley
discovered that the speed of light was a constant no matter how your frame of reference might be
moving — which broke the Galilean transformations.

Special Relativity

The second video is on Special Relativity. Here we have Lorentz transformations replacing Galilean
transformations so we can keep the speed of light a constant. Lorentz showed that this meant that
time could be dilated, and space contracted in order to maintain the speed of light as a constant.
We’ll show how Einstein took these concepts along with a few postulates, developed the Special
Theory of Relativity that incorporated the time dilation and the space contraction, added the
increase in mass-energy as you increase velocity, and ended the idea that there is such a thing as
absolute simultaneity. We’ll also introduce space-time graphs.

General Relativity I — Geometry

In the last two chapters we’ll cover General Relativity. In the first segment, we’ll go through the
Equivalence Principle, and show how matter bends space. We’ll cover non-Euclidian geometry that
illustrates just what the bending of space means. And then we’ll develop the Einstein field equations.

General Relativity I — Geometry

In the last chapter, we’ll go over the effects of General Relativity: the orbit of Mercury; the bending
of light around the Sun; gravitational redshift; and how space can be moved — twisted by a rotating
body. And we’ll end by building a black hole. We’ll construct Gargantua, Kip Thorne’s black hole in
the 2015 movie Interstellar.

[As I do in all my video books, we will cover the discoveries and experiments that lead us to our

current understanding of how the Universe works.| I trust you’ll find it informative and entertaining.
Thank you.
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Second Edition

At the end of the second segment on General Relativity, released at the end of 2015, I said that one
of the last Finstein predictions was that accelerating masses can create gravitational waves. I pointed
out that gravitational waves had yet to be directly detected. But in January 2016, it was announced
that gravitational waves had in fact been detected. So I created this second edition with a full chapter
on Gravitational Waves.

e We'll cover exactly what a gravitational wave is.

e We'll examine a top astronomical event that could create waves large enough to measure at
great distances.

e We'll review how a Michelson Interferometer can be used to detect gravitational waves.

e And we'll see how the Laser Interferometer Gravitational wave Observatory (LIGO) actually
detected the first gravitational wave and how we figured out that it came from a merging pair
of black holes over a billion light years away.

Thank you for watching.



