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Introduction: The Question 
Around 40,000 years ago our ancestors began to perform a feat of magic.  With their 
hands and minds they created fantastic transformations of natural materials into 
likenesses of themselves and other animals on the walls of caves. 

 
Figure 1:  A cave painting at Lascaux, France, circa 13,000 
BCE. 

In the era of disposable digital cameras, high-resolution movies and 3-D virtual reality 
video games it is easy to lose sight of just how remarkable, how utterly improbable, these 
cave paintings were (and remain to this day).  To the uninitiated modern eye a cave 
painting appears unrefined and quaint.  And yet, unlike the transient images that 
occasionally appear by happenstance in nature — in clouds, or a tangle of branches at 
dusk — there is no mistaking the intent of a cave painting.  It is manifest, undeniable 
artifice: it looks unambiguously like a buffalo (or a deer or a human), and yet it is not a 



buffalo, it is a collection of patches of pigments on the walls of a cave.  This magic is 
rendered all that much more special because it loses none of its ability to enthrall by 
plainly exposing how the trick is done. 
The craft of creating graven images and other likenesses of that which is in the heavens 
above and the earth beneath and the waters beneath the earth has advanced considerably 
in 40,000 years.  We have gone from the crude renderings of the earliest cave drawings to 
sophisticated photorealism and trompe-l'oeil, from grainy black-and-white photographs 
to ultra-high-resolution three-dimensional motion pictures and virtual reality. 

  
Figure 2: Escaping Criticism by Pere Borrell del Caso, 
1874. 

As the illusions become more compelling, the mechanisms and techniques behind them 
become a little less evident.  And yet, at this particular juncture in history, the magician 
has not yet retreated very far behind the curtain.  With a little effort we can still see the 
canvas, the paper, the projector, the celluloid, the edges of the screen. 
Suspend disbelief for a moment and imagine a plausible world not so long from now 
when virtual reality technology has been all but perfected.  When you go to the movies in 
this future world the projection is so nearly flawless, so complete, that you are absolutely 



immersed with all of your senses in an interactive virtual world, the Matrix made flesh.  
The image surrounds you on all sides.  The sound is perfect.  There are smells and tastes.  
You can touch the objects in this virtual world and they push back.  This virtual reality is 
all but indistinguishable in its quality from actual reality, to which you will return when 
the show is over. 
This scenario is, of course, far beyond the current technological state of the art.  But there 
is nothing in it that is inherently impossible, nothing that violates the laws of physics.  
And indeed it would not be outlandish to predict that technology could actually approach 
this state of fidelity in the not-too-distant future.  (The reality in which we actually live 
today has already outstripped the imaginations of numerous science fiction authors of a 
single generation past.)  But whether the world I describe is actually achievable is beside 
the point.  This is a thought experiment, and here is the $64,000 question: how can you be 
sure that what you today think is "real" is not actually a high-fidelity virtual world of the 
sort I have just described? 
The essence of this question was first raised (in a slightly different context of course) 
almost 2400  years ago by the Chinese philosopher Zhuangzi, who wrote of himself in the 
third person: 

Once Zhuangzi dreamt he was a butterfly, a butterfly flitting and 
fluttering around, happy with himself and doing as he pleased. He 
didn't know he was Zhuangzi. Suddenly he woke up and there he 
was, solid and unmistakable Zhuangzi. But he didn't know if he was 
Zhuangzi who had dreamt he was a butterfly, or a butterfly 
dreaming he was Zhuangzi. Between Zhuangzi and a butterfly there 
must be some distinction! 

This question has been raised many times in one form or another in the intervening years.  
The possibility that what we think of as reality might not be "real" (whatever that might 
mean) was taken seriously by scholars long before the advent of computer technology.  
The issue was famously debated in the eighteenth century by Bishop George Berkeley 
and Samuel Johnson, as chronicled by James Boswell: 

After we came out of the church, we stood talking for some time 
together of Bishop Berkeley's ingenious sophistry to prove the non-
existence of matter, and that every thing in the universe is merely 
ideal. I observed, that though we are satisfied his doctrine is not 
true, it is impossible to refute it. I never shall forget the alacrity with 
which Johnson answered, striking his foot with mighty force against 
a large stone, till he rebounded from it, “I refute it thus.” 

Alas, Boswell does not record whether Berkeley found Johnson's argument persuasive.  
(Perhaps if, instead of kicking a rock, Johnson had instead directed the blow at Berkeley's 
shin?)  But regardless of the historical outcome, one surely must concede that it is 
difficult to argue with a boulder.  Appealing as the notion of Platonic ideals might be to 
one's intuitions (at least if one is philosophically inclined) the hunk of granite before you 
will have none of it.  No matter how compelling an argument you might muster, if you 
kick it hard enough, it will hurt. 



It is so patently obvious that rocks and toes really do exist as actual material objects that 
to take any other position seems utterly absurd.  And yet modern science comes down 
solidly (no pun intended) on Berkeley's side.  We are not, in point of metaphysical fact, 
living in a material universe.  Our universe is in fact (if you accept the scientific 
evidence) a sort of virtual reality of exceptionally high fidelity.  And if you look in the 
right way you can actually see the “edges of the screen,” so to speak. 
Showing you how to look in the right way is the aim of this book. 
I should make it clear here that the “screen” and its “edges” are strictly metaphorical.  In 
the sorts of virtual realities that humans create it is possible to “escape” from the 
simulation and actually experience firsthand the underlying metaphysical truth: the cave 
wall, the canvas, the movie screen.   This is the foundation of many a science-fiction 
story (with “The Matrix” being the canonical example) where the protagonist “escapes” 
from the “real” world into some higher-level (but still material) reality. 
The higher-level reality from which our material universe emerges is called quantum 
mechanics, and it is not possible to “escape” into it from the material world.  The 
fundamental nature of the quantum world is utterly different from the material world.  In 
fact, it is so different that it is very hard to see how the material world could possibly 
arise from the quantum world.  That is one of this things that this book aims to explain, 
but that will be a long row to hoe.  For now I just want to manage your expectations: at 
the end of this long journey that we are about to undertake there awaits a deeper 
understanding of what we are, but no extra-physical miracles nor spiritual transcendence 
(except insofar as you may find fulfillment in understanding fundamental truths).  The 
material world will still be just as real (to you) as it ever was, and the laws of physics will 
still apply.  But your view of the world will never be the same. 

A guide to this book 
Quantum mechanics is the quintessential Deep Mystery.  The legendary Nobel-prize-
winning physicist Richard Feynman once famously said that no one understands quantum 
mechanics.  That actually wasn’t true even in 1965 when Feynman said it, and it is 
certainly not true today.  Plenty of people understand quantum mechanics, and by the 
time you are done reading this book you will be one of them.  The hard part is not 
understanding quantum mechanics but rather accepting that it is true.  The aim of this 
book is to make even that a little easier. 
There is, unfortunately, a fair amount of misinformation at large about quantum 
mechanics, especially in the popular literature, but occasionally even in peer-reviewed 
publications.  At the heart of this misinformation is a single, fundamental mistake, 
namely, that quantum  mechanics is about particles.  It isn’t.  Quantum mechanics is 
about systems which can, under certain circumstances, behave like particles.  But 
particle-like behavior is just an emergent property of an underlying metaphysical truth 
which is very difficult to express in words, but a reasonable approximation is: the 



material universe we live in is not made of stuff, it is made of information1.  Everything 
you see and experience (including your own self-awareness) is in some sense an illusion, 
or a very high fidelity simulation. 
The reason this is fundamentally difficult to wrap one’s brain around is that brains are—
or at least seem to be—made of stuff, so the idea that the world is made of stuff can be 
very hard to let go of.    If we are an illusion, then who is being illused?2 
The aim of this book is to describe how what we perceive as material reality arises from 
quantum mechanics, and to do so in a way that is accessible to the layman.  No 
mathematical background is assumed beyond elementary algebra.  To understand 
quantum mechanics it is necessary to understand complex numbers, but this too is a 
subject of this book.  It will turn out that the core difference between the classical and 
quantum worlds can be succinctly characterized as the difference between real and (so-
called) imaginary numbers. 
In order to explain all of this it will be necessary to lay quite a bit of foundation, 
including a review of the usual presentations of quantum mechanics.  This is problematic 
because the usual presentations of quantum mechanics are, from a metaphysical 
perspective, wrong, which is why they so often lead to confusion.  Quantum mechanics, 
properly presented, is not the least bit confusing.  It is, to be sure, profoundly unintuitive.  
But in this respect it is no so different from relativity, which nowadays is fearlessly 
presented in high school science classes.  (And it turns out that the road to understanding 
quantum mechanics leads through relativity, so we will be reviewing that as well.) 
The core of this book hinges on the distinction between systems and states.  A system is a 
collection of material objects, and a state is a description of the arrangement of those 
objects.  For example, a coin is a system, and an example of a state is whether or not the 
coin is resting on a surface with its head side up or its tail side up.  A more elementary or 
intuitively accessible notion is hard to imagine.  And it will turn out that as soon as we 
begin to dig into this idea, profound difficulties arise almost immediately. 
The punch line, for those of you who like to skip to the end, is that our material universe 
is actually a state of a “higher-level” system (or, if you prefer, of a deeper underlying 
metaphysical reality) which scientists call the quantum wave function.  You are, of 
course, not expected to believe this yet.  In fact, unless you already understand quantum 
information theory, you would be quite correct to consider the very notion absurd.  But 
this is because you have been lied to, fooled, tricked.  Not by the scientific establishment 
nor by the writers of popular accounts of quantum mechanics, but by the universe itself.  
Your entire life you have been presented with apparently incontrovertible evidence that 
you are a material being living in a material universe.  But you aren’t.  You, and 
everything around you, is, at root, an emergent property of the quantum wave function. 

                                                 

1 The word “information” here has a very precise technical meaning which is too 
complicated to go into this early, but rest assured we will get to it in time.  For 
now it is enough to know that this word is not being bandied about lightly. 
2 This delightful phraseology is due to Joe Provenzano. 



To help ease the presentation I will employ a somewhat unusual rhetorical technique: I 
present concepts first in the form of a dialog and then as ordinary prose.  This technique 
was made famous by Douglas Hofstadter in his masterpiece Gödel, Escher, Bach: An 
Eternal Golden Braid, but dialogs have been used to make difficult ideas easier to 
swallow for thousands of years.  Socrates used them, as did Galileo, and Lewis Carroll.  
Hofstadter borrowed the leading players in his Dialogs from Carroll, and I will do the 
same because their personalities just fit the part so well.  So without further ado, I would 
like to introduce our opening act.  The players are Achilles, an ancient Greek warrior, and 
his sidekick, a talking tortoise. 
Please turn off your cell phones, note the locations of the emergency exits, and enjoy the 
show. 

Dialog 1: Magic 
(Achilles and the Tortoise have met at their favorite coffee shop for their weekly salon.  
The tortoise is wearing a top hat.) 
Achilles: Greetings, friend tortoise.  What’s with the fancy dress? 
Tortoise: Oh, this old thing?  It’s a prop.  I have recently undertaken the study of magic. 
Achilles: Splendid!  I love magic.  Would you show me a trick? 
Tortoise: Why, certainly, I would be happy to. 
(The Tortoise removes the top hat.  A white rabbit sporting a waistcoat and pocket watch 
hops out.) 
Rabbit: Oh my ears and whiskers, how late it’s getting! 
(The rabbit dashes away and vanishes into a nearby rabbit hole.) 
Achilles: That was cute.  It’s not every day one sees a talking rabbit. 
Tortoise: Or a talking Tortoise. 
Achilles: Indeed. How about another? 
Tortoise: Who am I to refuse my adoring public? 
(The Tortoise reaches into the top hat and removes two identical golden coins.) 
Tortoise: Would you kindly examine these coins and satisfy yourself that they are in fact 
ordinary, run-of-the-mill golden coins? 
Achilles: They do indeed appear to be as you say. 
Tortoise: Then behold!  I will place one coin in each hand… 
Achilles: Now that’s a neat trick for a tortoise! 
Tortoise: … and with a wave of my magic wand, oh, wait, I forgot my magic wand.  Ah 
well, no matter, the wand is just window dressing anyway.  Presto! Transporto!  The coin 
that was in my left hand is now in my right hand, and the coin that was in my right hand 
is now in my left! 
Achilles: Hm, I find myself oddly unimpressed.  It seems to me that the coins are still 
where they were before. 



Tortoise: You doubt my word?  I pride myself on my scrupulous honesty. 
Achilles: The problem is that the two coins look identical, so there’s no way to really tell 
which is which.  So I see one coin in each hand before the trick, and one coin in each 
hand after.  Occam’s Razor would dictate that the correct explanation is that the coins 
have not in fact moved. 
Tortoise: Very well, let’s try something else. 
(The Tortoise reaches back into his hat and pulls out a magic marker.) 
Tortoise: Would you kindly write your initials on one of the coins? 
(Achilles takes the marker and writes a big black “A” on one of the coins.  He hands it 
back to the Tortoise who, as before, conceals one coin in each hand.) 
Tortoise: Alakazim! Alakazam!  Not only have the two coins changed places, but your 
initial has been transferred from one to the other! 
Achilles: Oh, Mr. T, I see what your game is.  You aren’t doing magic at all, you are 
doing stand-up comedy. 
Tortoise: I take umbrage at that characterization.  I have just made these coins violate the 
laws of physics.  Why will you not concede that that is magic? 
Achilles: Because magic is all about appearances.  You may have actually violated the 
laws of physics (though I doubt it very much), but it didn’t look as if you violated the 
laws of physics.  Magic is all about using misdirection and sleight of hand to make it 
appear that you have violated the laws of physics when in fact you have not (since 
actually violating the laws of physics is, in point of fact, impossible). 
Tortoise: Ah, well, let’s try this then. 
(The tortoise reaches back into his hat and withdraws a movie projector, a portable 
screen, and a reel of film.  He sets up the projector and begins to screen the film, which 
proves to be a movie of the Tortoise himself performing a magic trick.) 
Movie-tortoise: Hello, Achilles!  I am given to understand that you were not impressed 
with my alter-ego’s performance, so I have prepared this demonstration for your wonder 
and amazement.  Behold, I will make myself disappear! 
(The movie tortoise vanishes as if into thin air, accompanied by a faint but unmistakable 
pop!  A moment later the end of the film snakes its way through the projector with a 
clacking sound and the screen goes white.) 
Tortoise: What did you think of that?  Impressive, no? 
Achilles: Well, certainly better than the coins, but I still wouldn’t quit the day job just 
yet. 
Tortoise: What is the problem now?  You said that you wanted the appearance of 
violating the laws of physics.  Surely disappearing qualifies? 
Achilles: Yes, but movies are so much more malleable than physical reality.  It’s apparent 
that what you did was to film yourself walking out of the field of view of the camera, and 
then edit the film to make it look as if the change was instantaneous when in fact it 
played out over some considerable time. 



Tortoise: Once again you impugn my honor.  What will it take to convince you?  Perhaps 
this. 
(The Tortoise reaches in to the top hat again and pulls out a strange looking device.  It 
looks like a colander festooned with wires and flashing lights. The Tortoise hands it to a 
dumbfounded Achilles who regards it with a puzzled scowl.) 
Achilles: What on earth is this? 
Tortoise: It is my own invention.  I call it my ‘mazing magic magnifier. 
Achilles: What do I do with it? 
Tortoise: Why, you put it on your head of course. 
Achilles: Why do I get the feeling that I am about to made to look like a fool? 
(Despite his misgivings, Achilles dons the ‘mazing magic magnifier.) 
Tortoise: Now, behold. 
(The two gold coins, which are still on the table, begin to levitate.  The tortoise waves his 
hand over the coins to demonstrate that they are not being suspended by invisible threads 
or some such trickery.) 
Achilles: Now, that’s impressive. 
Tortoise: Why, thank you.  It gets better. 
(With a wave of the tortoise’s hand, the coins disappear just like the movie tortoise did 
before.) 
Achilles: Wow!  Your ‘mazing magic magnifier is quite impressive.  But I think I know 
how it works.  I’m guessing it is some sort of virtual reality device. 
Tortoise: You are too sharp for me, friend Achilles. 
Achilles: I am no less impressed.  The fidelity is extraordinary.  I was really convinced 
that those two gold coins disappeared.  How does it work? 
Tortoise: It is based on the very latest in three-dimensional brain projection technology. 
Achilles: Brain projection? 
Tortoise: That’s right.  You’ve heard of brain imaging, right? 
Achilles: That’s like taking a picture of the patterns of neurons firing in your brain, right? 
Tortoise: That’s right, except it’s a three-dimensional “image”.  Brain projection is the 
same thing in reverse: the ‘mazing magic magnifier transmits electromagnetic impulses 
into your brain that are exactly the same as what would have been produced by your 
senses  if the magic trick you just saw were actually real. 
Achilles: Cool!  Gamers are going to love this.  But I prefer real combat.  Can I take it off 
now? 
Tortoise: You already have. 
(Achilles reaches up to his head and indeed, the ‘mazing magic magnifier is no longer 
there.) 



Achilles: Why, so I have.  That’s funny, I don’t remember taking it off.  Wait, did I really 
take it off, or is it still there but projecting a virtual reality where it has vanished like the 
coin did? 
Tortoise: That’s a very good question.  Does it matter? 
Achilles: Well, of course it matters!  I like reality.  Real reality, that is, not this 
newfangled virtual stuff they have nowadays.  I am, after all, a two-thousand-year-old 
Greek warrior, so I’m a bit of a Luddite by nature. 
Tortoise: But virtual reality is better in so many ways.  For example, that chronically sore 
ankle of yours that you are always complaining about probably feels a lot better, no? 
Achilles: Why, yes, yes it does, now that you mention it.  That is truly amazing. 
Tortoise: You can have anything you want.  It’s like having your own personal genie.  
Try wishing for something. 
Achilles: I wish for a tall triple-shot non-fat vanilla latte! 
(A tall triple-shot non-fat vanilla latte instantly materializes on the table.) 
Achilles: You see, that’s the problem. 
Tortoise: I’m sorry, but I don’t see the difficulty. 
Achilles: It’s too easy.  It would get boring.  Life is just no fun unless there are real 
challenges to overcome, with real consequences if you fail.  There’s no sport in doing 
Heroic Deeds if you’re really just sitting in a chair in a coffee shop. 
Tortoise: I see.  Very well, I will switch the magic magnifier off.  The batteries are almost 
dead anyway. 
(The tortoise reaches towards Achilles’ forehead and make a motion as if flipping an 
invisible switch.  Instantly the ‘mazing magic magnifier, now with all its lights off, 
reappears.) 
Achilles: Whew! 
Tortoise: Would you like to see one last trick before we adjourn? 
Achilles: Why certainly!  That would be delightful. 
(The tortoise collects all of his belongings—the movie projector, the screen, the coins 
(which have magically reappeared)—and somehow manages to stuff them all back into 
his top hat.) 
Tortoise: Farewell, Achilles! 
(The tortoise climbs onto the table and into the top hat.  There is a moment of stillness 
while a puzzled Achilles waits for the punch line which never comes.  Then, out of 
nowhere, the rabbit bounds in.) 
Rabbit: Aha!  That’s where I left it.  What a relief!  I thought I’d lost it. 
(The rabbit jumps on to the table, picks up the top hat, and places it on his head.) 
Rabbit: I would love to stay and chat, but I am terribly, terribly late! Please pardon me… 



(The rabbit hops away, leaving a dumbfounded Achilles behind.  In the background, the 
voice of a barista can be heard.) 
Barista: One tall triple-shot non-fat vanilla latte for Achilles! 

Chapter 1: Things 
Let us begin by taking stock of the properties of our material reality.  This will seem like 
a tedious exercise in belaboring the obvious, but trust me, it will pay dividends, because 
much of what we intuitively consider “obvious” actually turns out not to be true.  Not 
only that, but the “obvious” starts to get problematic long before we get to quantum 
mechanics. 
The “obvious” truth which we will eventually demolish is the classical materialistic view 
of reality, which can be summed up by the slogan: The world is made of things, by which 
is meant material objects like boulders and toes, as opposed to “abstract” concepts like 
beauty and justice. or fictional (but nominally material) objects like unicorns and 
leprechauns.  When I say things I mean actual, real, physical things made of stuff. 
Henceforth, when I use the word “thing” in this technical sense, I will capitalize it. 
Before we start, though, I feel honor-bound warn you: I am going to try to convince you 
that certain “obviously true” statements (like “The world is made of Things”) are actually 
false.  The way I intend to do this is to show you how these statements are at odds with 
both experimental evidence and fundamental logic.  The first step in this process is 
pinning down more precisely what is meant by statements like “The world is made of 
Things,” and to do that I will need to make more intuitively obvious statements that will 
ultimately prove to be false. If I disclaim every single one of these untrue statements as I 
make it, the first half of this book will be a tedious litany of disclaimers.  So I am going 
to make a blanket disclaimer up front: I am about to lead you into a rabbit hole.  I will 
eventually lead you back out again, but for now be warned: some of the things I am about 
to tell you are not true, and it may be a while before you find out. 
So with that bit of business attended to, let us proceed.  Our first project will be to try to 
pin down exactly what a Thing actually is, and how to distinguish a Thing from a non-
Thing.  (Did I mention that we would be belaboring the obvious?)  We might tackle this 
problem by making a list of properties that distinguish Things from non-Things.  For 
example, we might postulate something like this: 

One of the properties that distinguishes Things from non-Things is 
that at any instant in time a Thing has a definite location. 

Let us call this the Law of Location.  For example, the Eiffel Tower is a Thing.  Its 
location as I write this (and very likely as you read it) is near the Quai Branly where it 
passes the Pont d’léna in the city of Paris, France.  And yet, if you go to Las Vegas, 
Nevada you will see a Thing that very much resembles the Eiffel Tower. 



        
Figure 3: One of these Things is not the Eiffel Tower. 

Is it possible that this Thing in Las Vegas that looks like the Eiffel Tower actually is the 
Eiffel Tower?  Of course not.  What a ridiculous question.  And yet, moving the Eiffel 
Tower from Paris to Las Vegas is not inherently impossible.  How can we be absolutely 
sure that this is not what happened? 
For starters, the Eiffel Tower in Las Vegas is only half as big as the one in Paris.  The 
shape is slightly different too, especially at the top.  But the definitive proof that these are 
not the same Things is that they exist in different places simultaneously. 
The Law of Location necessarily implies that continuity of identity is a fundamental 
property of Things. To even speak of the Eiffel Tower being at some location at some 
time, and then being at the same location at some other time, we have to be able to say 
that the object of our discourse is the same Thing at those two times. 
The Allure of the Seas, the world’s largest cruise ship, is a Thing.  As I write this, she is 
in Nassau, Bahamas, but as you read this she is almost certainly somewhere else.  But 
wherever she is, she is somewhere.  Furthermore, that location can be (and in fact is) 
known.  And if you know where she is and you go there, you will see her.  And if you are 
anywhere else, you won’t.  You might see some Thing that looks very much like the 
Allure of the Seas, but it will not be the Allure. 



 
Figure 4: The Allure of the Seas next to her sister ship, the 
Oasis of the Seas. 

It is not necessary that a Thing’s location be known.  The other day I misplaced my house 
key (which is a Thing).  Until I found it, no sentient being knew its location, but that 
didn’t make it any less of a Thing.  Even while it was lost it was surely somewhere. 
By way of contrast, for example, James Bond is not a Thing, and so he is not at any 
particular place at any particular time.  James Bond can easily be in many places at once, 
or no place at all depending on your point of view. 
The Law of Location is so fundamental that one could almost use it as the definition of a 
Thing.  If a thing (lower-case “t”) is not in a particular place, then it is not a Thing.  If a 
thing is in two places at the same time then it is not one Thing, it is (necessarily) two 
Things. 
Note that the Law of Location is a necessary but not a sufficient condition to identify a 
Thing.  A hole, for example, obeys the Law of Location, but it is not a Thing.  To be 
considered a Thing is has to be made of matter.  A hole isn’t. 
If the Law of Location actually worked we would be done and this would be a very short 
book.  But it doesn’t.  It is hard at first to see what could possibly be wrong with it, but it 
makes a worthwhile exercise to think about it.  I invite you to ponder this for a moment 
before continuing. 
Let us ease ourselves into this rabbit hole with some historical perspective. Philosophical 
difficulties with materialism have been known for centuries.  In the fifth century BCE, 
the Greek philosopher Heraclitus observed that 



No man can step twice into the same river, for the second time it is 
not the same river. 

Some modern translations take poetic license and add, “… and he is not the same man.”  
This turns out to be a more profound observation than Heraclitus likely appreciated.  
Plutarch, writing about 400 years later, made essentially the same point with an even 
more striking example: 

"The ship wherein Theseus and the youth of Athens returned [from 
Crete] had thirty oars, and was preserved by the Athenians down 
even to the time of Demetrius Phalereus, for they took away the old 
planks as they decayed, putting in new and stronger timber in their 
place, insomuch that this ship became a standing example among 
the philosophers, for the logical question of things that grow; one 
side holding that the ship remained the same, and the other 
contending that it was not the same." 

The question of when two things are the same has been vexing philosophers for a very 
long time.  It is not immediately evident that this vexation should be a threat to the Law 
of Location (let alone the proposition that Things exist).  It may not be the same river 
(whatever that might mean) but surely it is undeniable that the river is there. 
Let us assume for the moment that the river is in fact there and ask a different 
question: is a river a Thing? 

The problem with rivers is the same as the problem of the ship of Theseus: the 
stuff that a river comprises is constantly changing.  But rivers are worse than 
ships in this regard because this change is part of the definition of a river.  A ship 
is still a ship even if it isn’t undergoing constant maintenance.  A river that isn’t 
constantly changing its constituent parts isn’t a river, it’s a lake.  (Unless, of 
course, it’s a frozen river, in which case the customary definitional requirement of 
dynamism can be temporarily suspended.  Bonus philosophical conundrum: is a 
dry river a river?  Is it a Thing?) 

For the moment let us set aside rivers with their annoyingly fluid nature and 
consider only solid objects like ships.  Surely a ship is a Thing irrespective of the 
question of whether or not it maintains its identity after receiving replacement 
parts?  Well, no, not according to the Law of Location. 

The Allure of the Seas has a sister ship called the Oasis of the Seas3.  As I write 
this, the Oasis is in Fort Lauderdale, Florida.  The Oasis and the Allure are 
virtually identical, but because one is in Nassau and the other in Fort Lauderdale 
at the same time they must, by the Law of Location, be different Things.  Imagine 
we remove a part from the Allure and exchange it with its corresponding part on 
the Oasis.  Where is the Allure?  Most of her is still in Nassau, but part of her is 

                                                 
3 The Allure and the Oasis are supposed to be identical, but in fact the Allure 
turned out to be about one centimeter longer than the Oasis, so the Allure is in 
fact the world’s largest cruise ship. 



now in Fort Lauderdale.  Now repeat the process until exactly half of the parts of 
the original ships have been exchanged and ask the same question again. 

Of course it seems absurd to claim that because the Allure of the Seas can be 
disassembled and her parts dispersed that she is therefore not a Thing.  This is 
just some kind of linguistic trick.  Surely we can come up with some modified Law 
of Location (or something else) that will allow us to distinguish Things from non-
Things?  Let’s try this: 

There are two varieties of Things.  There are Parts, which obey the 
Law of Location, and there are Assemblies, which consist of 
collections of Parts arranged in a particular way relative to one 
another. 

This seems promising.  It allows us to account for Things like Transformer toys, 
which can change their apparent nature in dramatic ways simply by moving Parts 
around.  Figure 5 shows two images of the same Thing (taken at different times of 
course).  The only difference is in the arrangement of the constituent Parts. 

 
Figure 5: Is it a robot or is it a car? 

This raises the obvious question of how to distinguish an Assembly from a Part.  The 
Allure’s hull, for example, is a single piece of steel.  But it was made by welding together 
smaller pieces of steel, and with a cutting torch it could be broken down again into 
smaller pieces, which may or may not correspond to the ones used to assemble the hull to 
begin with.  So is the hull an Assembly or a Part? 
This question, too, was pondered as far back as 460 BCE by the Greek philosopher 
Democritus who put forth one of the most prescient guesses in the history of mankind: he 
hypothesized that if you take any Thing, whether a Part or an Assembly, and try to break 



it up into smaller pieces, you will eventually get to a Part that cannot be further 
decomposed.  He called these indivisible Parts atoms4.  It was not until 2200 years later 
that the first scientific evidence that Democritus’s hypothesis was correct began to 
emerge. 
That Things should be made of atoms is far from obvious.  Things can undergo 
transformations that appear to be much more than simple rearrangements of constituent 
Parts, but rather deep changes to their fundamental nature.  A ship’s hull, for example, 
can rust away, leaving only a pile of reddish dust.  A tree can burn and leave only ash.  A 
river can dry up and leave a void. 
The atomic theory of matter is today considered common knowledge.  It is so widely 
accepted that it is easy to forget that it was still controversial as recently as the late 19th 
century.  The question was not definitively resolved until Einstein’s work on Brownian 
motion5 in the early 20th century. 
Alas, atoms do not deliver us from our conundrum.  For one thing, atoms are not 
indivisible.  Atoms are in fact not Parts but Assemblies consisting of even smaller Parts: 
electrons, protons, and neutrons.  Protons and neutrons also turn out to be Assemblies 
made of Parts called quarks.  Quarks—and electrons too for that matter (no pun 
intended)—are truly indivisible as far as we know.  But as we will see, this will not allow 
us to salvage the materialistic view of the world, because in fact neither electrons nor 
quarks are Things.  But we are getting ahead of ourselves. 
Let us suspend disbelief for a moment and suppose that Democritus was entirely correct, 
that matter is made of atoms, and that atoms are indeed indivisible and unchangeable.  
Even from this simplified model of the world, profound issues arise. 
All of the scientific evidence supporting the atomic theory indicates that atoms come in 
only a very small number of varieties, about 100 or so depending on how you count.  All 
indications are that atoms of a particular variety are absolutely indistinguishable from 
each other. 
The Allure and the Oasis are sister ships, but they do have some differences, not least of 
which is that they have different names painted on their hulls.  So if someone took the 
Allure and the Oasis and switched them, you could tell.  This is not the case with atoms.  
If you take an atom of variety X and exchange it with another atom of the same variety, 
there is no way to tell.  You can’t “paint” an atom the way you can paint a ship.  And 
even if you tried to make two ships that were absolutely indistinguishable (but for their 
location) you would fail because imperfections in the manufacturing process would 
insure that there would be at least some small but measurable differences. 
Not so with atoms.  The process that creates atoms insures that every single one that 
comes off the assembly line is absolutely 100% identical to every other one (of the same 

                                                 
4 From the Greek atomos which means not-cuttable. 
5 Brownian Motion is the spontaneous random motion of microscopic particles 
suspended in a fluid.  It happens because the fluid itself is made of particles that 
are in constant motion. 



variety).  The same is true of the Parts of an atom: electrons, neutrons, and protons.  
Every electron is 100% identical with every other electron in the universe.  So too for 
every neutron and every proton. 
This fact alone casts some doubt on the status of atoms as Things.  Again we run afoul of 
the Law of Location, which states that if two Things are in two different places at the 
same time then they are different Things.  But if there is no way to tell the difference 
between one atom and another, how can we know that they are different Things?  Maybe 
they seem to be identical because they are in fact the same thing (lower-case “t”) in two 
different places at the same time.  This may sound ludicrous, but it is actually a 
defensible scientific theory, and indeed was seriously advanced by no less a luminary 
than the Nobel-prize-winning physicist Richard Feynman6. 
This is not just abstruse philosophical pedantry, it has real consequences for the identities 
of Assemblies.  Let us return to the thought experiment about incrementally exchanging 
all of the Parts of the Allure and the Oasis.  It was implied at the time that the Parts we 
were exchanging were macroscopic: bolts and bulkheads and whatnot.  But what if we 
interchanged the two ships atom-by-atom?  The result would be two Assemblies that at 
every stage are absolutely indistinguishable from their originals.  And yet at the end of 
the process every single Part of each ship will have been exchanged. 

Measurements 
With so much philosophical difficulty associated with merely defining a Thing perhaps 
we should take a step back and think for a moment about why we ever believed that there 
were such things as Things to begin with. 
The obvious answer to this is Samuel Johnson’s: we can see and touch Things.  If we 
push on them, they push back.  But this by itself is not enough.  How do we eliminate the 
possibility that, like Zhuangzi’s butterfly or the Tortoise’s ‘mazing magic magnifier, 
what we think of as reality is not just a dream or an illusion? 
The question is complicated by the fact that it is easy to demonstrate that some of the 
things we perceive actually are illusions.  Look at the image in Figure 6, and in 
particular the regions marked A and B.  If you are like most people, region A will appear 
darker than region B.  But in fact they are the exact same shade of grey. 
 

                                                 
6 The theory actually originated with Feynman’s Ph.D. thesis advisor, John 
Wheeler. 



 
Figure 6: Things are not always as they first appear. 

Now, before you do any experiments to test my claim that A and B are the same shade, 
take a moment to consider your visceral reaction.  Did you believe me?  If so, why?  
After all, the claim the A and B are the same shade is (if your perceptions are like most 
people’s) plainly false.  You can see that it is false with your own eyes.  So why should 
you believe me? 
An even more striking example of the same phenomenon is shown in Figure 7.  Here, the 
horizontal stripe appears (to most people) to be lighter on the left than on the right, but in 
fact it is a single uniform shade of grey.  You can verify this by simply covering up the 
top and bottom of the image so that only the stripe is visible. 
 



 
Figure 7: Is the stripe lighter at one end than the other? 

Are you convinced?  You shouldn’t be.  The whole point of this demonstration is to show 
you that your eyes can be fooled.  How can you be sure that what you are perceiving with 
part of the image covered is not itself the illusion (or also an illusion)? 
Nor is vision the only sense that can be fooled.  There are illusions for all sensory 
modalities: auditory (sound), tactile (touch), olfactory (smell), gustatory (taste) you name 
it. If you can perceive it, there’s a way to fool you into perceiving something that isn’t 
actually there. These other modalities are difficult to illustrate in a book, but you can find 
many examples on the internet, particularly of auditory illusions. 
This is a serious problem.  If we cannot trust our senses (and we can’t) then the  argument 
that Things exist because we can see, hear, touch, smell or taste them falls apart.  It 
doesn’t help that illusions may only occur under very particular and uncommon 
circumstances, and that our senses might be otherwise reliable.  The problem is that 
illusions feel real.  So unless we can come up with some way of circumscribing those 
situations under which our senses are unreliable we can’t know if any particular thing that 
we perceive is real or not. 
One possible way out of this conundrum is to use more than one sensory mode at the 
same time.  If we see a boulder and we can kick it (and it kicks back), then there are two 
possibilities: either this thing that looks and feels like a boulder really is a boulder (and 
hence a Thing), or we are suffering under two simultaneous illusions that are conspiring 
to make it appear that there is a real Thing before us when in fact there is not.  If we 
assume that illusions are relatively rare, then suffering two simultaneous illusions like 
this is very unlikely. 
This is far from ideal.  For one thing, we don’t have any actual evidence (yet) that 
illusions are rare.  Also, we know that there are circumstances (dreams, certain mental 



illnesses) where illusions do cross sensory modalities.  So once again we are stuck with 
the question: how can we know whether our observations are reliable or if we are being 
fooled? 
Answering this question without resorting to circular reasoning is one of the most 
difficult challenges mankind has ever wrestled with.  Indeed, we wrestle with it still.  The 
whole thesis of this book is that using the best answer we have to this question leads to 
the inescapable conclusion that in fact all of our observations are in some sense illusory.  
If we are to wrap our brains around this bizarre result we will have to first arrive at a deep 
understanding of the modern scientific answer. 
We have to start somewhere, so let us begin with a shallow understanding: to gain 
reliable information about the world we build measurement devices to make observations 
on our behalf that are not subject to illusions.  This seems innocuous enough, but it 
actually begs the question: measurement devices are Things, and we have not yet gotten a 
handle on exactly what Things are, or even whether they really exist.  Indeed, it was our 
attempt to get a grip on that issue that led us to this pass in the first place.  So how do we 
know that we can trust our measurement devices? 
In point of fact, measurement devices are notoriously untrustworthy, except that when 
they go wrong we call it “experimental error” rather than “illusion.”  Even if we set aside 
the philosophical issues, there are myriad practical difficulties: measurement devices 
break, or lose calibration, or turn out to measure something other than what they were 
designed to measure.  Just figuring out what kinds of physical quantities can be measured 
turns out to be quite challenging.  For example, today we take for granted that we can use 
thermometers to measure something we call temperature.  But merely defining what 
temperature actually is took hundreds of years. Reliable thermometers were developed 
for the first time early in the eighteenth century, but a full understanding of what 
thermometers were actually measuring did not come until late in the nineteenth century7. 
Which raises an interesting conundrum: how can we tell if we have a reliable 
thermometer in the absence of an understanding of what thermometers actually measure?  
What does it even mean to reliably measure something when we don’t know what it is we 
are measuring? 
We don’t even have to go to an esoteric quantity like temperature to have this problem.  
Consider that most prosaic of measures: distance.  What does it mean to have an accurate 
measurement of distance?  How do you know that your ruler doesn’t change its length 
between one use and the next?  In fact, your ruler probably does change its length 
between one use and the next, but most of the time in everyday life the difference is so 
small as not to matter.  But how do we know that?  How can we measure the length of a 
ruler except with another ruler? 
The answer to this is as profound as it is simple: we can’t.  But it doesn’t matter.  What 
matters is that all the rulers we use agree in some sense.  By this I mean that if we 

                                                 
7 Just to give you a sense of just how complicated these things can get, the 
modern scientific definition of temperature is: the derivative of a system’s 
internal energy with respect to its entropy. 



measure (say) a distance with one ruler and then measure the same distance with another 
ruler, we will get the same result.  It is the sameness, the consistency, that tells us that we 
are making reliable measurements, not any inherent property of the measurements 
themselves.  The reliability of measurements can only be assessed in relation to other 
measurements. 
It is a remarkable fact about our universe that consistent measurements are even possible.  
There is no immediately apparent reason why this would have to be so.  We can imagine 
universes where consistent measurement is not possible.  In fact, we have all individually 
experienced such universes – in our dreams.  But our waking universe is not like that.  In 
our universe, we can make certain kinds of measurements and get the same result again 
and again, day after day, year after year. 
What is even more remarkable is that the consistent measurements we can make can be 
accounted for by a very parsimonious set of rules, which we call the laws of physics.  
Moreover, we can enumerate these rules with (literally) mathematical precision.  When 
we do this, we can make extraordinarily accurate predictions about how the world will 
behave if it is manipulated in certain ways, and this in turn lets us build bridges and 
buildings and computers.  But it all rests on the foundation of consistent measurements. 
Now, there is an obvious explanation of why consistent measurement is possible, to wit: 
the universe is in fact exactly as it appears to be, a physical world inhabited by Things 
which are metaphysically real, and so when we make (the right kinds of) measurements 
the results of those measurements faithfully reflect the underlying metaphysical reality, 
i.e. the measurements correspond to the actual physical properties of the Things that we 
are measuring.  The reason we get the same answer (more or less) whenever we measure 
the length of the Allure of the Seas is that the Allure really is physically there, and she 
really does have some length, and that our measurements faithfully reflect that underlying 
(meta)physical reality. 
As hard as it will be for you to believe me at this point, that explanation is demonstrably 
wrong. 
We have already seen some philosophical difficulties with the theory that Things are 
metaphysically real, not least of which is that it is surprisingly difficult to define what a 
Thing actually is.  But the problem goes much deeper than that, not only philosophically, 
but scientifically.  The theory of Things as an underlying metaphysical reality is 
untenable in light of the results of measurements we make when we do experiments in 
quantum mechanics. 
To see this I will have to describe to you three of those measurements.  The results of the 
experiments I will describe to you will seem very weird, bordering on the incredible.  But 
I promise you, the results are real, and some of these experiments you can actually do 
yourself with inexpensive and readily available materials, including a laser pointer and a 
pair of sunglasses. 
Into the rabbit hole we go. Please turn off your cell phones, note the locations of the 
emergency exits, and enjoy the show. 
 


