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A NOTE FOR READERS

I didn’t write this guide. I found it. It was wholly encased in bedrock,
and I know that because I was the one who broke that heavy granulite
stone open. I was working construction for a few weeks because I
heard it paid well.

It did not.

I can tell you that I personally don’t have the technology to place a
book inside solid stone. Nobody does. I've tried to have the book
carbon dated, but that’s impossible: whatever exotic polymer the
guide was printed on, it’s one that doesn’t include carbon. The stone I
found it in can be dated, of course: it’s Precambrian, which means it
predates humans, dinosaurs, and most life on Earth. Precambrian
rocks are some of the oldest rocks on the planet.

So, no help there.

There is obviously the possibility that the text you’re about to read
is part of a well-constructed and incredibly expensive prank,
accomplished using technology unknown to the rest of the world,
including the technology to insert objects inside solid rock while
maintaining a profile tolerance of under 10“mm. It seems unlikely.
But the alternative—that time travel is possible, that somewhere it is
being practiced, and that our entire universe is but a copy spun off
from their original at some unknown point in the past—also seems
impossible.

I’ve researched all the claims made in this guide. Everything that
can be verified has been, and the text appears to be an honest, sincere,
and accurate effort to explain how to rebuild civilization, from
scratch, in any time period in Earth’s history. All historical events
mentioned in the text line up with our own, though with the guide’s



focus on technology and civilization instead of nations and people,
there are fewer dates and individuals to compare against than you
might expect. “Their” world appears to be much like ours, only better:
they have a higher level of technology, a greater understanding of
history, and, of course, consumer-market rental time machines.
There’s a chance that we also might one day invent time travel, in
which case the claims made here could finally be verified and we
could discover when, and how, this impossible book ended up
embedded in the solid rock of what would eventually become the
Canadian Shield.

On the other hand, we might not.

The guide that follows is presented in its original and unaltered
format, except for the endnotes, which I added in two cases: when I
thought clarification or references to supplementary texts would be
helpful, or when a claim was being made in the original text that
reached beyond our current science, engineering, or historical
knowledge. Footnotes are presented as in the original text, and no
other changes have been made to content or presentation. The original
illustrations in the guide, credited to one “Lucy Bellwood,” have also
been included. There is an artist working under that name in our
world; she claims to have no knowledge of this book or its origins,
and I have no reason to doubt her.

Finally, I should touch on what is perhaps the most unlikely note
of all in this. The technical writer responsible for this guide shares his
name just once, and then only in a footnote. It is the same as mine.
Part of me knows I can’t read much into this: there are a lot of Ryan
Norths out there, and I’ve emailed most of them. Our writer could be
an alternate-timeline version of any of us. Or he could be someone
new, someone with no parallel in our world. Maybe a time-travel
accident left this book embedded in stone somewhere in our distant
past, stranding the traveler there, or in some other time, changing our
world in small but significant ways that we may never tease apart.
Maybe that’s why we don’t have time travel.



Or, again, maybe this is all just part of an incredibly expensive
prank.

I know what I believe. I know how incredibly, cosmically unlikely
it is that I would ever find this guide and share my name with its
author and know a Lucy Bellwood too. And if you think perhaps I'm
involved in some deception with this text, I will repeat what I said at
the start of this section: I didn’t write this guide.

At least . . . not in this timeline.

I’m thrilled to share, for the first time, a complete and unabridged
copy of what was originally titled The Time Traveler’s Handbook:
How to Repair Your FC3000™ Time Machine, and Then How to
Reinvent Civilization from Scratch When That Doesn’t Work.



Those who cannot remember the past are condemned to repeat it.

—George Santayana, philosopher, essayist, and poet

1905 CE

>

Those who cannot remember the past are cordially invited to
revisit it.

—Jessica Bennett, CEO of Chronotix Solutions, proud manufacturers
of the FC3000™

2043 CE



INTRODUCTION

Congratulations on your rental of the FC3000™! The FC3000™ is a state-of-
the-art personal time machine that allows you to experience the entire range of
human endeavor, from the earliest chimpanzee-human divergence (in 12,100,000
BCE, the backward limit of this rental unless you have purchased the
Protoprimate Encounter Pak) to the latest mass-market portable music players
(present day).

Note that travel to any times later than 1.5 seconds after the instant you left
your personal present (“the future”) is not permitted with this rental, and a
sensitive chronometer has been installed to detect and disable any attempts to
visit these periods.

Please carefully study the features of the FC3000™, depicted on the
following page. Federal regulations require us to inform you that due to the
nature of genetic and acquired immunity, there are a large number of diseases to
which present-day humans are immune but which have not yet been encountered
by past humanity. For your safety, and the safety of those around you, multiple
biofilters installed throughout the FC3000™ work to ensure that your
appearance in the past will not obliterate all human life with the introduction of
dozens of deadly plagues and pestilences in a single instant.
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Figure 1: The FC3000™.

All other features of the FC3000™ depicted above are self-explanatory.



FREQUENTLY ASKED
QUESTIONS BY NEW TIME
TRAVELERS

Q: Will traveling to the past destroy the present, due to the
“butterfly effect,” which they made several movies about
(2004, 2025, 2034, etc.)?

A: No. Those films were based on a speculative understanding of time
travel that, thankfully, is not accurate. In reality, any temporal
machinery—including the state-of-the-art FC3000™ rental-market
time machine—creates a new “timeline,” or sequence of events,

with each trip back in time. Observe the following illustration:
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Figure 2: Traveling through time with the FC3000™.,

Each trip to the past creates a new event sequence for the world,
beginning with the intrusion of the time machine into history. In
effect, with each trip back in time, you are creating a “what-if”
universe, all proceeding from the premise of “what if a time
traveler came back and visited this particular time in a state-of-
the-art FC3000™ rental-market time machine?” When you return
home, your FC3000™ will travel through space, time, and
timelines, always returning you to your original, unaltered history.
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Figure 3: Returning back home with the FC3000™,

Put simply, even the most egregious time traveler cannot affect the
present, but merely an alternate one created by their time
traveling. Feel free to step on as many butterflies as you see fit.

Q: Can I interact with my past self?

A: Yes. It is not recommended. You will likely notice you do not look
as good from behind as you thought. Please note that despite the
FC3000™ offering travel to any point in human history, the first
instinct many clients have is to arrange an encounter with their
past selves. We respectfully suggest that the FC3000™ was built
to explore time, to better understand the origins of humanity and
the potential of ourselves and our world, and that choosing to visit
yourself suggests you sincerely believe you are the most
interesting person on the planet in any time period. By definition
this can only be accurate in one case and is therefore likely not
accurate in yours. We invite you to reconsider.

Q: Can I give my past self lottery numbers?
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: Any lottery numbers you give will benefit another you, and not

you personally.

: Can I give my past self lottery numbers, and then kill my past

self and take their place, so that the lottery winnings go to me
instead?

: Yes. However, you may have to answer to the authorities in that

time period.

: Will being rich in the past make me happy?
: It might.

: If not my past self, then whom should I visit?
: The expanse of human history spreads out before you, awaiting

your curious and empathetic gaze. That said, as part of our legally
mandated commitment to customer satisfaction at Chronotix
Solutions, we have created several Chrononaut’s Choice
pamphlets, which you will find stored beneath your seat in the
FC3000™, Each includes not just background information and
space-time coordinates for one of our many artisanally selected
points in history, but also the descriptions of the specific historical
personages and precise sentences you must say to them in order to
be swept up in an epic adventure. Popular pamphlets include How
to Get Michelangelo, Rembrandt, and Vincent van Gogh to Paint
Your Portrait for Free; Choose Your Side in the Battle of
Marathon!; Join the Roanoke Colony and See What Happens; and
1001 Wacky Places to Shoot Adolf Hitler. Follow our guide, or feel
free to go off-script whenever you want.

: If every time I travel back in time it creates a new alternate

timeline, so nothing I can do affects my own timeline, then
isn’t time travel pointless?



A: If going back in time did affect the original universe we all come
from, then it would be wildly irresponsible to rent out time
machines willy-nilly to members of the general public. Alterations
are not pointless, however: remember that these alternate timelines
you create in your travels are identical to ours in every way, except
with the addition of you, the time traveler. The people in these
new timelines are, by any measure, just as real as the people you
know in your own timeline.

Q: Wait. If that’s true, aren’t there hugely staggering ethical
implications to the idea that we can create whole alternate
realities—entire universes just as valid as our own and filled
with just as many people (more, actually, since now there’s an
extra time traveler there!)—simply for the purpose of
entertainment?

A: We have several ethicists on staff who have assured us, in no
uncertain terms, that this is totally fine. In addition, please keep in
mind that these alternate realities are not just for the purpose of
entertainment. They have also been used for mining and resource
extraction.

Q: What if something goes wrong with my FC3000™ time
machine?

A: The FC3000™ is the most reliable time machine on the rental
market today. However, as with any activity involving unstable
Einstein-Rosen bridges constructed across disparate
spatial/temporal reference frames, there are always risks. In the
event of a catastrophic failure of your FC3000™, please refer to
the convenient Repair Guide, which follows this page and makes
up the bulk of this volume.



REPAIR GUIDE

There are no user-serviceable parts inside the FC3000™.
The FC3000™ cannot be repaired.



Yes. This is a problem. If you are reading this Repair Guide, then you will not be
returning to the future, and we apologize for any alleged failures in the
FC3000™, real or implied, that facilitated this scenario.

If you would like to make peace with the idea that you will never return to
your friends and family, please do so now. It helps to focus on the things you
didn’t like about them, such as their irritating habits or weird smells. Do not
focus on the things you will miss, like cheap, convenient, clean, and safe
drinking water, or the latest mass-market portable music players.

And now that you have accepted the fact that you are stuck in the past, we
would like to offer a suggestion. Since you can no longer go back to the
future . . .

... we invite you to bring the future back to you.

Allow us to explain that intriguing ellipsis-filled sentence.

The rest of this guide contains all the science, engineering, mathematics, art,
music, writing, culture, facts, and figures that are required for one human—
without any specialized training—to build a civilization from the ground up. You
may be under the impression that modern civilization took several million
humans and protohumans several thousand millennia to construct. It did, but that
was only because we didn’t know what we were doing the first time around and
had to invent everything as we went.

You, in contrast, hold all the answers in your hands already.

This guide will allow you to create a world like the one you left, but better. It
will be one in which humanity matured quickly and efficiently, instead of
spending 200,000 years stumbling around in the dark without language (Section



2), not knowing that tying a rock to a string would unlock navigating the entire
world (Section 10.12.2), and thinking disease was caused by weird smells
(Section 15).

We make no assumptions about what period you’re trapped in or what you
already know. Everything you need is built from scratch, making this text
nothing less than a complete cheat sheet for civilization.

We at Chronotix Solutions are excited to have accidentally provided you
with this opportunity, and wish you all the best.




HOW TO USE THIS GUIDE

This guide is divided into seventeen equally interesting sections. While you are
encouraged to read it from start to finish before referring to individual sections
as required, you may still jump ahead to the areas that interest you the most. If
you are curious about a particular technology, please refer to the technology tree
in Appendix A to see what prerequisites are required, then prioritize those
inventions in order to unlock that technology as soon as possible.

A word of warning: while it’s fair to say that it would be pretty ridiculous to
strand you in the past without any knowledge of how to produce the
technologies, inventions, and chemicals you might need, it’s also pretty
ridiculous how many of those technologies, inventions, and in particular
chemicals are extremely dangerous to produce, store, inhale, touch, or even just
be around. So in a legally mandated compromise, we are hereby compelled to
tell you that while what you will find in this book is all you need to rebuild
civilization from scratch, you should not attempt to produce anything dangerous,
especially the chemicals, unless you really need them, and you also hereby
legally agree, affirm, and attest that you will definitely not blow yourself up
trying to make them happen.
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HOW TO TELL WHAT TIME PERIOD YOU’RE
STRANDED IN: AHANDY FLOWCHART

h There is a small chance that, in the process of your FC3000™ suffering a
catastrophic failure for which no legal liability can be assigned, you may
arrive in a time frame different from the one you were expecting. We
recommend proceeding through this chart first, to better orient yourself in your
new period in history.
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Are there any animals
on land?

You are between
3,800,000,000 and
850,000,000 BCE. If you
live long enough, the
atmosphere will eventually
have enough oxy{gen for
you to breathe! You will
definitely not live that long.

ICANT

You are between 850,000,000 BCE and 530,000,000 BCE. It's gonna be pretty lonely.
Good thing this book is so long, huh?
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232,000,000 BCE and
65,500,000 BCE.
Watch out for asteroids!

Also: dinosaurs.

You are between 530,000,000 and 450,000,000 BCE,

but at least you'll have weird animals to keep you
company.
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Keep reading!

You are between 200,000 BCE and
50,000 BCE. Good news! This is the
era when you can have the single
greatest influence on human history.

JUST
NEANDERTHALS

You are between
250,000 BCE and
200,000 BCEif
Neanderthals have
evolved but humans
haven't. Neanderthals
are pretty cool too
though!

later date is when Neanderthals

You are between 200,000 BCE
and 25,000 BCE, because that

go extinct as humanity
extinguishes the only other
species on the planet it could
converse with, leaving
themselves profoundly alone.
Well done, humans.

You're sometime before
15,000,000 BCE.

You're sometime before
14,000 BCE.

You're sometime before
40,000 BCE.

b 4} |
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46,000 BCE.
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80,000 BCE.
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250,000 BCE.
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advanced the mammals around

you are, but honestly, being

alone in this time without any
humans to help you means
you're probably not gonna last
long enough for it to be worth it.
Sorry?
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You are sometime
between
15,000,000 BCE and
1947 CE (when
permanent bases were
established there).
This is a huge range of
time 1o be alone on a
continent covered in ice,
but good news: you
won't be around for
most of it!
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computers?
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BCE, so if you see writing,
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if you don't see writing,
invent writing! It's literally
the greatest thing you
can do in this time period!

You are between 25,000
BCE and 10,500 BCE.
Hey, invent farming for

everyone!

HUNTING AND
GATHERING

You are pretty close to
the modern era!l Do you
see any evidence of
farming, or is it all
hunting and gathering?

v

You are somewhere around
25,000 BCE.

You are somewhere around
50,000 BCE.










A SPECIAL NOTE IF YOU ARE STRANDED
BETWEEN 200,000 BCE AND 50,000 BCE AND
YOU ARE THINKING, “THE HUMANS HERE

ARE CRAZY AND I AM DEFINITELY DOOMED
FOREVER”

!

Great news! You can actually be the most influential person in
history!

As your careful study of the flowchart on the previous pages likely

revealed, humans first evolved around the year 200,000 BCE.! We call
them “anatomically modern humans,” and they mark the moment when humans
with skeletons exactly the same as ours first appeared. As an experiment, we
could put your skeleton beside that of an anatomically modern human from
200,000 years ago and it would be impossible to tell them apart.

We will not be performing this experiment, but we could.

But what’s fascinating is despite the fact that modern human bodies were
now available, nothing really changed. For more than 150,000 years, these
humans behaved pretty much the same as any other protohuman species. And
then, around the year 50,000 BCE, something happened: these anatomically
modern humans suddenly started acting like us. They began to fish, create art,
bury their dead, and decorate their bodies. They began to think abstractly.

Most important, they began to talk.

The technology of language—and it is a technology, it’s something we’ve
had to invent, and it took us over 100,000 years to do it—is the greatest gift we
humans have ever given ourselves. You can still think without language—close
your eyes and imagine a really cool hat and you’ve just done it—but it limits the
kinds of thoughts you can have. Cool hats are easy to imagine, but the meaning



of the sentence “Three weeks from tomorrow, have your oldest stepsister meet
me on the southeast corner two blocks east from the first house we egged last
Halloween” is extremely difficult to nail down without having concrete words
for the concepts of time, place, numbers, relationships, and spooky holidays.*
And if you’re struggling to express complex thoughts even in your own head, it’s
pretty evident that you won’t be having those complex thoughts as often, or at
all.

It was language that gave us the ability to imagine better, grander, more
world-changing ideas than we otherwise could, and most important, it gave us
the ability to store an idea not just in our own heads but inside the minds of
others. With language, information can spread at the speed of sound, or, if you’re
using sign language instead of speaking, at the speed of light. Shared ideas lead
to communities, which are the basis of culture and civilization, and which brings
us to our first Civilization Pro Tip:

q CIVILIZATION PRO TIP: Language is the technology
from which all others spread, and you’ve already got it

for free.

This huge expanse of time—the 150,000 years between 200,000 BCE, when
humans first appeared, to 50,000 BCE, when they finally started talking—is
where you can have the single greatest effect on history.? If you can help humans
of this era become behaviorally modern as soon as they became anatomically
modern—if you can teach them to talk—then you can give every civilization on
the planet a 150,000-year head start.

It’s probably worth the effort.

We once thought the change from anatomical to behavioral modernity was
due to some physical change in our brains. Perhaps a random genetic mutation in
one human—who suddenly found themselves able to communicate in ways no
animal had done before—provided us with the huge advantage of a new capacity
for abstract thought? However, the historical record doesn’t support the idea of
this great leap forward. The things we most associate with behavioral modernity
—art, music, clever tools, burying the dead, making ourselves look cooler with
jewelry and body paint—all appear before the breakthrough around 50,000 BCE,
but in fits and starts, appearing locally and then disappearing. Much like the



magic that rhetorical wizards have long revealed was actually inside us all
along, so too have humans had the capacity for language. We just needed to
unlock it.2

The unique challenge facing you in this era is how to teach a language to
people when the very idea of spoken language may be new to them. It’s
important to remember that most humans you encounter may not have language,
but they’ll still communicate with one another, through grunts and body
language. All you need to do is move them from grunts to words, and don’t
worry: a complicated language like English with things like “subjunctive
clauses” and “imperfect futures” (used here in the grammatical sense, not the
time-travel sense) is not necessary, and you can get by with a simplified version
of the language you already know, called “pidgin.” You will also have better
results if you focus on teaching children. The older humans are, the harder it is
for them to learn languages, and fluent acquisition of a first language becomes
much more challenging—if not impossible—after puberty.

q CIVILIZATION PRO TIP: Babies begin to focus on the
noises used in language around them after about six
months of age, so if you’re inventing a language from

scratch, you’ll likely have more success incorporating
whatever sounds the baby is already hearing from its parents.

Remember: evolution happens very slowly, and even 200,000 years ago the
people you’ll encounter are humans, just like you—indistinguishable at the
biological level. They just need to be taught.

You can teach them.

And you will be remembered as a god.









THE FIVE FUNDAMENTAL TECHNOLOGIES
YOU NEED FOR YOUR CIVILIZATION

No, the list is not “a really good computer” five times.

Your civilization is going to be founded on five technologies. Each of these

technologies is information-based: once you have the idea of them, the rest
pretty much follows. Because these technologies are conceptual rather than
physical, they are extremely resilient: they are ideas, and ideas cannot be
destroyed as long as members of your civilization survive (or at least some of
their books do, see Section 10.11.2: Printing Presses).

While the five technologies listed on the following pages are all but invented
once you understand the ideas behind them, they each nevertheless took an
embarrassingly long time for us, as humans, to figure out.

Please carefully examine the following extremely embarrassing table.

Technology First When we Years spent not having This same time period, now expressed as how many colossal 500-year
invented could’ve this technology when Roman Empires could’ve both risen and fallen in the huge expanse of time

invented we easily could have humanity spent sitting around not inventing this technology
it

Spoken 50,000 200,000 150,000 years 300

language BCE BCE

Written 3200 200,000 196,800 years 393

language BCE BCE

Non-sucky 650 CE 200,000 200,650 years 401

numbers BCE

The 1637 CE 200,000 201,637 years 403

scientific BCE

method

Calorie 10,500 200,000 189,500 years 379

surplus BCE BCE

Table 1: A table any human should be embarrassed to even be in the same room with.



As these are the absolute technological foundations of civilization, we will
now go over the specifics of each.






3.1
SPOKEN LANGUAGE

Listen to those voices in your head.

Before spoken language,* humans communicated through grunts and body
language. This allowed us to do the following things:

¢ draw attention to ourselves
¢ make noises or gestures expressing emotions like “fear” or “anger”
® Cry

Unfortunately, these expressions are easily misunderstood. As an example,
babies—famously pre-linguistic—are notoriously difficult to understand. A
baby’s cry could indicate “I’'m sad” or “I’'m hungry” or “I’m tired” or “I’m
frustrated” or several other emotions, but there’s no way to tell what the child
actually wants besides giving the baby different things to see if that satisfies it (a
short-term solution) or, if you prefer a long-term solution, by gradually teaching
the child a language over the course of the next several years until you can
finally ask, “Hey, what was all that crying about when you were sixteen weeks
old?”

In contrast, spoken language allows us to do the following things:

e draw attention to ourselves

¢ make noises or gestures precisely expressing nuanced emotions, like “fear
of one day being trapped in the distant past,” or “distinct anger at having
now become trapped in the distant past”

¢ cry (with words)

¢ have ideas survive the death of their host

e conceive of more complex ideas than we could otherwise express



e transmit complicated sentiment with a reasonable confidence of minimal
loss, corruption, or misunderstanding of intent

We tend to think of language as something natural, some property of the
universe that we’re exploiting. But it’s not: we made it up, and it’s arbitrary.*
However, while the sounds you choose, the order you put words in, and the ways
words can interact and change one another are all up to you, there are some
recurring patterns that you may want to keep in mind.

These “linguistic universals,” as they’re called, are found in every natural
language on Earth, and while they’re not mandatory—people can and have
constructed artificial languages that don’t use them—they may make it easier for
people to use your new language. Please commit the following table to memory:

Universal property

Description of this property

Example phrases using this property

A grim vision into a dystopian world
where this property does not exist

Pronouns exist in all
natural languages.

Pronouns are words that let us
refer to something without
repeating the name of that thing.

I rented the FC3000™ time machine. It
is as reliable as it is well designed, and I
am happy to recommend it to everyone
without reservation.

I rented the FC3000™ time machine. The
FC3000™ time machine is as reliable as
the FC3000™ time machine is well
designed, and I am happy to recommend
the FC3000™ time machine to everyone
without reservation.

No “thbbbth”
sounds.

Spoken languages are built from
the noises our bodies can make,
but no natural language uses the
“blow a raspberry” tongue-out-of-
the-mouth thbbbth sound.

To be, or not to be: that is the question.

To thbbbth, or not to thbbbth: that is the
questhbbbbbbbttbbbbth.

If the language has a
word for “feet,” it
also has a word for
“hands,” and if it has
a word for “toes,” it
also has a word for
“fingers.”

Hands are generally more useful
to most humans than feet, so if
we’ve reached a point where
we’re naming body parts and
gotten around to naming our feet,
we’ve definitely already named
our hands too.

I have ten toes and ten fingers. Yes,
Chad, I know technically I only have
eight fingers. Chad, yes, I know thumbs
aren’t fingers. Everyone knows, I was
just. .. Chad. Chad. Chad, listen to me.
See, Chad, this is why we don’t hang out
anymore.

I have ten toes and ten, uh . . . extra-bendy
upper toes? Yes, Chad, I know two of my
extra-bendy upper toes are opposable and
therefore should be classified differently.
Chad, listen to me. Chad. Chad. I’m doing
the best with the words I’ve got, Chad.

All languages have ~ Vowels are sounds produced with ~ Chad, can we please talk about Thhhbbbttth
vowels. an open mouth and often form the something else? Anything, Chad. Please.
core of a syllable. For example,
“cat” uses a as a vowel and c and t
as consonants. It’s hard to speak
without vowels.
All languages have ~ Verbs are action words, which The quick brown fox jumps over the The quick brown fox. The reliable
verbs. allow us to talk about things reliable FC3000™ time machine and is ~ FC3000™ time machine. Happy without
happening to other things. Since  happy to recommend it without reservation.
things tend to happen a lot on reservation.
Earth, they are useful words to
keep around.
All languages have ~ Nouns are people, places, or The quick brown fox jumps over the The quick brown. Jumps. Reliable. Is
nouns. things. They are objects or ideas  reliable FC3000™ time machine and is  happy to recommend.

in the world. Since there are a lot
of those on Earth, they’re useful
to keep around too.

happy to recommend it without
reservation.




Table 2: One advantage of being trapped in the past is you will have finally escaped Chad.

Which language you choose to build your civilization on is a matter of
personal preference, and there are no wrong answers here. But while you have
your choice of languages to build your civilization on, this also means you have
the opportunity to fix these languages. Don’t like English’s pronoun system or
French’s insistence on giving every object in the universe its own entirely
imaginary gender? Well, now’s your chance to fix them forever.

Spoken languages solve a lot of problems with very few downsides, and
they’re a technology you’re already carrying around in your head. However, they
still share one tremendous vulnerability: they rely on human beings to transmit
information. If a group of humans dies together, so too do their ideas. You can
do better.

You are about to.






3.2
WRITTEN LANGUAGE

The technology that made the spelling mistake possible.

While the spoken word is great, it still suffers from significant limitations.

It frees ideas from their original host, but it allows ideas to be transmitted
only as far as the speaker can travel, or can shout, or can travel while shouting.
Most critically, it depends on an unbroken chain of humanity for ideas to
survive. Break this chain even once, and all information in it is lost forever.

Writing solves this problem. It allows ideas to become resilient, stronger
than our fragile human bodies, which tend to get old and die all the time. It
allows ideas to become fixed, immune to changing memories and historical
revision. It allows ideas to be broadcast, reaching a much larger audience than
could ever listen to your spoken words. Writing even allows ideas to survive not
only when their original host has died, not only when everyone who has ever
heard them has died, but even when everyone who has ever spoken their
language has died too: the deciphering of Egyptian hieroglyphs being the
greatest example of this. Most incredibly, writing allows information to be
shipped around the world with no more difficulty or expense than you’d
encounter shipping grain: less, actually, since books don’t go bad nearly as
quickly. Despite its huge advantages, humans have spent most of their time on
Earth—over 98 percent of it—stumbling around without this technology.

Like spoken language, which written language you choose to base your
civilization on is not particularly important, but we do recommend (assuming
you are multilingual or feeling ambitious) choosing a language that is not
English. That prevents you from accidentally teaching others how to read this
text, which may be something worth considering, especially since your current
temporal circumstances have conspired to make this book the most insanely
valuable and dangerous item on the planet.

Though the idea behind writing is simple—store invisible noises by
transforming them into visible shapes—the invention of writing was actually an



incredibly difficult thing for humans to do. It’s so difficult, in fact, that across all
of human history, it has happened a grand total of two times:

e in Egypt and Sumer around 3200 BCE.
¢ in Mesoamerica between 900 and 600 BCE.

Writing shows up in other locations, such as China in 1200 BCE, but this is
a result of the Egyptians culturally contaminating the Chinese.? Similarly,
Egyptian and Sumerian script developed at very close to the same time, and
while visually quite distinct, they share many of the same influences. One of
these cultures invented writing while the other just lifted the idea, probably after
seeing what a super useful invention it was.

There are two other times when writing may have been invented: in India
around 2600 BCE, and on Easter Island after 1200 CE but before 1864 CE. (We
say “may” because this is one of several historical mysteries still unresolved.
Confirmation could easily be obtained with an incident-free visit to the times and
places in question, but for some reason most time travelers have historically
been more interested in “experiencing the colossal breadth of human experience”
rather than “settling obscure linguistic debates by running controlled temporal
observation with an eye to publishing peer-reviewed research.”)

The older Indian script (called “Indus™) is pictographic and has never been
deciphered. Most messages written in Indus script are short (just five characters)
which does not suggest an actual language, but rather simpler pictograms or
ideograms. What are pictograms and ideograms? We’re very glad you asked:

e Pictograms are when an item is represented by a picture of that thing: an
image of fire, for example, means “fire.” Along similar lines, the little
icon of an envelope on the latest mass-market portable music player you
purchased represents “email.” When used in protowriting, pictograms can
function as a memory aid to help remember an event or story, or simply as
decoration.

e Ideograms are when a collection of ideas are represented by a single
picture: an image of a water drop could represent rain, but also tears or
sadness. An image of sunglasses could represent extremely cool
sunglasses, but also sunlight, fashion, or popularity. An image of a peach
shaped so it looks like buttocks could represent either peaches, buttocks,



or any number of activities humans have discovered they can perform
with either.

It’s important to note that neither pictograms nor ideograms are language,
because there is no one-to-one correspondence between them and their meaning.
Pictograms and ideograms are interpreted rather than read. As an example,
consider the following images:

Figure 4: An extremely compelling narrative.

There are several different ways to interpret those images. If you know the
story they’re trying to tell, these pictures can remind you of it, but if you don’t,
you will have to make lots of assumptions. Perhaps it is the story of a very cool
woman eating a peach. Perhaps it is the tale a regular woman eating a very cool
peach. We will never know.

In contrast, the sentence “Cynthia waved, her hair catching in the warm
ocean breeze, and in her sunglasses I saw reflected a horrible, monstrous giant
peach: it was my body, forever transformed by those hateful scientists I’d once
cut off in traffic” has a meaning that’s much more clearly defined. While there is
ambiguity in any language,* the non-ideographic version has a much more
particular and specific meaning than the alternative.

The Easter Island script, called “Rongorongo,” has also never been
deciphered. It’s a pictorial language, comprised of stylized images of animals,



plants, humans, and other shapes. It was written by the Rapa Nui people who
inhabited their island, and it looks like this:

Figure 5: Possibly language, possibly cool pictures, possibly . . . both?

If the Rapa Nui independently invented writing here, it would be only the
third confirmed time in human history this was done: a colossal achievement.
However, it’s also possible this writing was invented only after European contact
with the island: Spain annexed the island in 1770 CE and induced the Rapa Nui
to sign a treaty. That could’ve introduced the concept of writing to the island,
which then quickly evolved into Rongorongo.

There is a dark note here: early visitors to Easter Island were told reading
and writing was a skill reserved for a privileged few among the ruling elites.
And if Rongorongo script is writing—if the Rapa Nui did come up with the idea
of turning invisible ideas into visible shapes, an idea so groundbreaking that it
had only ever occurred twice before in human history—then they also forgot it.
Within the space of a century—a century, it should be noted, defined on Easter
Island by European diseases, catastrophic slaver raids, a smallpox epidemic,



deforestation, and cultural collapse—the island population had been reduced
from thousands to just two hundred individuals, and none of those survivors had
ever been taught to read their island’s script. Words and sentences had decayed
into meaningless shapes and squiggles, part of a cultural tradition that nobody
left alive could understand.

This, by the way, should terrify you. Writing is not something humanity gets
for free, and like all technologies, it can be lost.

We recommend building writing into your civilization as soon as possible.






3.3
NON-SUCKY NUMBERS

Because everyone wants their civilization . . . to really count.

The story of numbers in human history is the story of countless* missed

opportunities and unnecessary delays. While written numbers first appear
in 40,000 BCE, predating written language by tens of thousands of years, they
were simply tallies: one mark for one count. They looked like this:

Figure 6: Some tally marks.

They’re great for small numbers, but once they get to any size, they’re a
huge pain to deal with. Quick, what number is this?

Figure 7: Arguably, too many tally marks.

The answer is “It doesn’t matter, because nobody has time to sit around and
count that up, come on, we’re literally trying to reinvent civilization in the past
here.” This is what makes tallies “sucky numbers.” There were other sucky



number systems used throughout history, but instead of wasting time with them
we’re going to skip right to the endgame: your civilization is going to (a) use
Hindu/Arabic numerals (b) in a positional value system (c) based on the number
10.

Here’s what each of those means and why they’re great!

a. Hindu/Arabic numerals: these are the numbers you’re familiar with: 0,
1,2,3,4,5,6, 7,8, and 9. You can make up different shapes to represent
these numbers if you want; they’re completely arbitrary. Also, as it is now
you and not the Hindu and Arabic cultures that are inventing these
numerals, you can call them “[ Your Name Here] numerals.”

b. In a positional value system: this is where a number’s value is
communicated by the position of each digit in the number. For example,
4,023 means “4 thousands, no hundreds, 2 tens, and 3 ones.” This
probably sounds pretty familiar, and that’s because positional numbers are
the ones you’ve known since you were a kid! Everyone uses them because
they rule, and are an extremely efficient and flexible way to represent
numbers.*

c. Based on the number 10: our positional system is based on 10, which
means each digit in a number is 10 times different than the one beside it.
When you move from left to right, each column is 10 times smaller, and
when you move from right to left, each column is 10 times bigger. Here’s
4,023 again:

1000s (i.e., 100 x 10) 100s (i.e., 10 x 10) 10s (ie., 1 x 10) 1s

4 0 2 3

Table 3: There are 4,023 good reasons to study this chart. No, we’re kidding, there aren’t that many. But
you will probably still want to briefly glance at it so you can know what a number is.

The fun part is, you can actually build a positional number system around
any number! Base 10 is the most common throughout history and human
cultures—probably because 10 is the approximately average number of
fingers per human—but it’s far from the only base humanity has
experimented with. Babylonians used 60 as their base (which remains
with us today when we talk about each hour having 60 minutes and each
circle having 360 degrees; see Section 4) and we built computers to use



binary, which uses 2 as its base. In base 2, each column is only two times
different from the one beside it, instead of ten:

8s (i.e., 4 x 2) 4s (i.e., 2 x 2) 2s (i.e., 1% 2) 1s

1 0 1 1

Table 4: Numbers in base 2, or binary. You’ve got 1,011 good reasons to study this chart. Yes, we’re
aware that’s markedly fewer reasons than the last table.

So 1,011 in base 2 is equal to 8 + 2 + 1, or 11. As you’re probably guessing,
the same sequence of digits can represent different numbers in different bases. If
you weren’t told “1,011” was in base 2, you’d probably read it in base 10, where
it represents “a thousand and eleven.” If you read it in base 5 it’d represent 131,
in base 7 it means 351, and in base 31 you’re looking at a number that represents
29,823. Experiments in other timelines have suggested that building a number
system around a weird number like 31 is a bad idea, but guess what: you’re
trapped in the past, so none of us can stop you.

Now that we’ve got the basics of how we write numbers down out of the
way, here is a sad fact: inventing the rest of a number system, with all the
features we take for granted, took humans over forty millennia. It actually took
us most of that just to invent fractions, an idea so basic that we now teach it to
literal babies. Because of that, the following table of features to add to your
number system is actually the most time-saving table in history.

When it was first invented

Feature = Example What you can do with this Why you want it (approx.)
Written I e Not have to remember numbers in e Because you have 40,000 BCE
numbers your head all the time. finite space in your

brain.

e It’s hard to do long
division in your head.

Abstract 5 e Conceive of numbers as abstract e Numbers as a purely 3100 BCE
numbers ideas (i.e., “one” and “five”), instead abstract object are
of being limited to counting things necessary to unlock
that actually exist (i.e, “one sheep” future innovations in
and “five goats”). numbers, like
e Numbers that exist outside the things irrational and
they’re counting allows you to imaginary numbers. It
access new planes of abstract is not a coincidence
numerical thought, instead of just that both these
reminiscing about specific sheep or numbers are named in
goats all the time. such a way as to make

their very existence
sound completely
crazy, but they’re also
very practical.

Fractions % 1000 BCE



e Represent things that aren’t whole
numbers, like 1, 2, or 3.
e Be able to talk about parts of things.

Because sometimes
you have 4 apples but
then Chad ate 3 and a
half of your apples,
and you’d like to say,
“Hey, Chad, you owe
me three and a half
apples” and not have
him get out of it by
replying, “Based on
our understanding of
what numbers can do,
what you have just
said is nonsensical.”

Rational 0.5
numbers

o Represent things that aren’t whole
numbers and not have to mess
around with fractions.

e Any fraction can be written as a
rational number, and vice versa.

Because adding 201
hundredths and 3
halves together is kind
of a pain, but adding

2.01 + 1.50 is easy. We
just did it. It’s 3.51. No

big deal.

1000 BCE

Irrational V2, pi
numbers

e Represent numbers that are a lot like
rational numbers, except when you
write them out they actually go on
forever, never repeating or
terminating.

Because there are an
infinite number of
irrational numbers, so
it’d be nice to have a
number system that
can handle that
without exploding.
Also pi (the ratio of a
circle’s circumference
to its diameter) is one
of the fundamental
constants of the
universe that gets used
all the time when
building things, so
irrational numbers are
practical too! Bonus.

800 BCE

Prime 2,3,5,7,

numbers  982451653:
any positive
number that’s
greater than 1
and that is
divisible only
by 1 and itself

¢ Nothing save for appreciating the
beauty of pure mathematical study,
until of course you invent public-key
cryptography, which absolutely
relies on prime numbers and is
extremely useful.

Because there are an
infinite number of

prime numbers, though

there is no way to
know which numbers

are prime until you test

them. This makes
prime numbers one of
the only infinite,
inexhaustible natural
resources in the
universe! Don’t you
want access to an
infinite and
inexhaustible natural
resource?

Yes, you do.

300 BCE

Negative -5
numbers

e Conceive of the entire other half of
the number system so your numbers
don’t just stop at 1.

e Deal with a concept and its opposite
concept in a single number, like heat
and cold, income and expenses,
expansion and contraction,
acceleration and braking, and so on.

To capture change (in
both directions) in a
single number.
Negative signs give
numbers an emotional
connotation for the
first time (negative
numbers are usually
seen as “bad”), which
can be useful when

200 BCE, but listen,
European mathematicians as
late as 1759 CE were still
arguing that negative
numbers were “nonsensical”
and “absurd,” which should
tell you all you need to know
about European
mathematicians as late as
1759 CE.



you want people to
react emotionally to a
number.

Also, it’s nice to be
able to say what 1
minus 2 is without

your head exploding.
Zero 0 e Talk about nothing. Because otherwise you Zero existed as a placeholder
e Have a number system that is place- have a number system back in the 1700s BCE, but it
based, so you can write numbers like that doesn’t know took until 628 CE for a
“206” and not have them confused what zero is, and that  concept of zero that you can
with “26.” is extremely add, subtract, and multiply
embarrassing. with to be realized. You will
Zero works both asa  save so much time right now
placeholder (as in 206, by just telling everyone “5
showing 2 hundreds, 0 plus 0 equals 5, and you
tens, and 6 ones) and  should write that down.”
as a number that can
be used like any other
in mathematical
operations (with some
caveats for division;
see sidebar on this
page).
Real 3.1, 3.111, e Merge both rational and irrational To blow your mind by 1600s CE
numbers  3.1111, numbers into a single number considering that while
3.11111, system. there’s an infinite
3.11111111, e Describe any number with a number of numbers

3.111111111,
3.1111111111,
there’s more
but we’ll stop
because we
could literally
be here
forever

(potentially infinite) decimal
notation.

e Explore the infinitely many numbers
that exist between each and every
whole number.

between 3 and 4, these
also include numbers
like pi, which are
themselves also
infinite.

You now have a whole
lot of numbers, so
congrats.

Imaginary V-1, i, 3.98i
numbers

e Manipulate numbers that include the
square root of —1 in them. The
square root of a number is a smaller
number that, when multiplied by
itself, produces your original
number. The square root of —1 is
impossible in the real number
system, since any number multiplied
by itself has to be positive. So
mathematicians said, “Okay, well,
let’s imagine it is possible and call
that number i, and that’s whatever
the square root of —1 is.”

This may sound like a
complete waste of time
(and the name
“imaginary numbers”
was originally
intended as a brutally
sick burn for just this
reason), but they
actually have practical
applications in
everything from
modeling electrical
flow to the swing of a
pendulum in the air.

10 CE, but generally
considered “fictitious” or
“useless” (like negative
numbers were) until the
1700s CE.

Complex 3 +2i
numbers

e Imaginary numbers and real numbers
mixed together.

Useful in fluid
dynamics, quantum
mechanics, electrical
engineering, and
calculations in special
and general relativity.
It’s really useful to
have these numbers in
your back pocket in
case anyone in your
civilization invents
these things we just
mentioned.

1800s CE




Table 5: Homo sapiens sapiens, a species that considers itself so smart that it put “smart” in its own
name, twice, and in Latin, took more than 40,000 years to figure this chart out.

See all these ideas? We covered them in a single chart that took you a few
minutes to read, at most. You can introduce them in an afternoon, saving
thousands and thousands of years that humans wasted wandering around not
knowing what a zero is. You’re welcome.

As for the other things you can do with this number system, well, that’s up
to you. There are a bunch of useful mathematical formulas that took humanity a
while to figure out sprinkled throughout this guide, but here’s the deepest,
darkest secret of math: you can build up the fundamentals of mathematics
however you choose.

It may surprise you to hear this, but mathematics is actually built on a
foundation of things we can’t prove but assume are true. We call them “axioms,”
and we think they’re safe assumptions, but at the end of the day, they remain
beliefs we cannot prove. Axioms include ideas like “2 + 1 gives the same result
as 1 + 2” and “if a equals b, and if b equals c, then a equals c.” These
assumptions are useful because they match up with reality—and building math
on a foundation that matches up with reality has proven reasonably practical—
but there is nothing stopping you from building different mathematical systems.
While we do recommend building math that is practical first, it can be quite
entertaining to figure out how multiplication would work in a universe where a +
b is not the same as b + a.*



Sidebar: Why Can’t You Divide by Zero?

Division by zero is famously* impossible. The reason is
not that it will create a black hole but rather because it
exposes a contradiction at the heart of our mathematical
system. Consider taking a number (let’s use 1) and
dividing it by progressively smaller numbers that
approach, but never quite reach, zero.

Zero marks the point where negative numbers end and
positive numbers begin. If we approach it from the positive
side, we’ll see that 1 divided by 1 is 1, 1 divided by 0.1 is
10, and 1 divided by 0.001 is 1,000. The smaller the
number you divide by gets, the larger the result gets.
Therefore, one divided by zero should equal infinity.

But there’s a problem if we approach zero from the
opposite end, dividing by progressively smaller negative
numbers, again getting closer and closer to zero. Here we
see that 1 divided by —1 equals —1, 1 divided by —0.1 is —
10, and 1 divided by —0.001 is —1,000. So here the smaller
the number you divide by, the closer it gets to negative
infinity. So by this logic, 1/0 should equal negative infinity.

But a number can’t be equal to infinity and negative
infinity at the same time. That is, in fact, just about as
unequal as two numbers can possibly get. So we’ve got a
contradiction. And it’s this contradiction that makes us say,
“You can’t divide by zero, because the answer doesn’t
make sense, and nobody knows how to fix that yet.”

——p



Now that you have invented non-sucky numbers—and the basics of math to
go along with them—you have unlocked several perks. Numbers obviously let
you precisely quantify the world around you, which will be the basis of
everything from cookbooks to accounting to science. Physical resources like
sheep or trees and abstract resources like money, popularity, and time itself are
all managed, understood, and communicated through numbers. Most universally,
numbers act as a sortable set of labels: page 123 of a book is intuitively between
pages 122 and 124, and if you know how many pages that book has, you have a
pretty good idea of where that page will be. The context a sorted set of numbers
provides will be very useful to members of your civilization down the road,
whether they one day use them to label the hours in a day, the days in a year, the
buildings on a street, or the floors in those buildings. They can also be used to
label temperatures, radio frequencies, vitamins, and maybe, one day, if your
civilization is very lucky, the strength of unstable Einstein-Rosen bridges
constructed across disparate spatial/temporal reference frames.






3.4
THE SCIENTIFIC METHOD

Much improved over the earlier scientific approximation.

People who build time machines tend to love science, as they generally

tend to be scientists by training, or at least well-intentioned amateurs who
have no idea of the powers they are about to unleash until a bunch of their future
selves come back to warn them. But it’s important to remember even science has
its limitations and is not an oracle of truth. In fact, science is merely:

1. provisional,
2. contingent, and
3. our best effort so far.

Here is the bad news: the scientific method can produce knowledge that is
wrong. Here is the good news: the scientific method is still our best technology
for uncovering, verifying, and refining correct knowledge, because what the
scientific method allows us to do is make wrong knowledge gradually more
correct. Usually, this refinement results in progressively more accurate theories
—classical physics leading to relativity, leading to quantum physics, which leads
to metaquantum ultraphysics>—but it does sometimes result in entire theories
being thrown out.

For example, in the 1700s CE we thought things burned because they were
phlogisticated: that they were filled with “phlogiston,” an invisible and
intangible substance that you couldn’t see or touch or distill but which was still
required to make things burn. Things that were highly phlogisticated—Ilike wood
—burned quickly, while those that had less phlogiston in them burned less well,
and ashes—having already been completely dephlogisticated—wouldn’t burn at
all. Phlogiston theory even explained why things got lighter when they burned:
the phlogiston was floating away into the air. It also predicted that a match



placed in a sealed glass jar would eventually stop burning: the air in the jar
would absorb all the phlogiston it could, and then the fire would go out. Matches
in sealed glass jars do go out, so this all looked great. Done! Thanks, science!
Now we know what fire is.

Phlogiston theory started to fall apart when we did more experiments and
found some results that didn’t quite make sense. Sure, wood gets lighter when
you burn it (the ashes left over clearly weigh less than the original wood did) but
some metals (like magnesium) actually gain mass when burned. And now we
had a problem: results that did not agree with our theory. More science was
needed!

Some scientists tried to revise phlogiston to try to get it to match up with
results: maybe phlogiston could sometimes have negative mass, so the less you
had of it in something, the more it would weigh? But this was a big leap—
especially since negative-mass matter was a completely new form of matter that
was being invented simply to solve this phlogiston problem. Other scientists
looked for a more conservative explanation, and the oxygen theory of
combustion was what resulted: the idea that fire wasn’t phlogiston leaving matter
but rather a chemical reaction between matter and oxygen, one that produces
both heat and light. This theory also predicted that a match in a sealed glass jar
will eventually stop burning, but for different reasons: the oxygen in the jar is
consumed and so the fire goes out, because oxygen fuels the chemical reaction
that is fire. This is the more accurate theory of combustion that we still operate
under today, but we could still be wrong.

Or, more likely, we could still be more correct.

Here’s how you produce knowledge using the scientific method.



Figure 8: The scientific method, here rendered as a cool atomic-looking thing.

An example: maybe you notice (as per step 1) that your corn didn’t grow
well this year. For (2), you might ask, “Hey, what the heck, everyone, how come
my corn didn’t grow well this year?” You might suspect the drought affected the
corn’s growth (3), and so (4) decide to grow corn under controlled conditions,
giving each plant different amounts of water but equal amounts of everything
else you can think of (sunlight, fertilizer, etc.). After carefully doing that (5), you
might conclude (6) that a precise amount of water grows the best corn plants,
and (7) let your farmers know. And when your corn still doesn’t grow as well as
you want, you might explore (8) and wonder if there’s more to growing great
corn than just making sure your corn isn’t thirsty.*

The more ways a hypothesis has been tested, the more likely it is to be
correct, but nothing is certain. The best case you can hope for by using the



scientific method is a theory that happens to fit the facts as you understand them
so far: science gives you an explanation, but you can never say with absolute
certainty that it’s the correct one. That’s why scientists talk about the theory of
gravity (even though gravity itself clearly exists and can cause you to fall down
the stairs), theories of climate change (even though it’s obvious our environment
is not the same one our parents enjoyed, or that you’re enjoying right now), or
the theory of time travel (even though it’s a fact that you’re clearly trapped in the
past for reasons that cannot have any legal liability assigned).

Note that the scientific method requires you to keep an open mind and be
willing—at any time—to discard a theory that no longer fits the facts. This is not
an easy thing to do, and many scientists have failed at it. Einstein* himself hated
how his own theory of relativity argued against his preferred idea of a fixed and
stable universe, and for years tried in vain to find some solution that reconciled
them both. But if you succeed at following the scientific method, you will be
rewarded, because you will have produced knowledge that is reproducible: that
anyone can check by doing the same experiment themselves.

Scientists are often seen as turbonerds, but the philosophical foundations of
science are actually those of pure punk-rock anarchy: never respect authority,
never take anyone’s word on anything, and test all the things you think you know
to confirm or deny them for yourself.









3.5

CALORIE SURPLUS: THE END OF HUNTING
AND GATHERING, AND THE BEGINNING OF
CIVILIZATION

Hunting and gathering better ways to live your life.

Beginning with our ancestors in prehistory, and continuing even past the

appearance of anatomically modern humans around 200,000 BCE, humans
spent all their time fully immersed in the fabulous hunting-and-gathering
lifestyle. This is, as you might suspect, a situation in which hunters hunt while
gatherers gather. You live off the earth, survive by your wits, and follow food
wherever it might take you, leaving areas when you’ve exhausted their local
resources. There are many benefits to this lifestyle: you get to eat a wide variety
of foods (a varied diet helps ensure good nutrition) and you get to visit lots of
interesting places, eat whatever lives there, and get lots of exercise. But this
means food doesn’t come to you: you have to go to it. And this is expensive.

This expense manifests in several ways: It costs calories to search for food.
It costs you years of your life, as you’re much more likely to eat something new
that happens to be toxic, or to get injured or killed by the very animals you’re
trying to gobble. Plus, you’re constantly introduced to new bacteria and parasites
as you chase after a food supply that’s never assured. But its greatest expense
comes from constantly moving: when you never know how long you’ll be living
somewhere, you’re not going to build expensive and labor-intensive
infrastructure. Anything you can’t take with you can turn into wasted effort
overnight. You won'’t store any resources long-term, because there is no long
term.

And for almost 200,000 years—the vast majority of human experience—this
was all anyone did. Hunt, gather, maybe build some temporary settlements, and
move on whenever the going got tough or someone saw a tasty-looking herd of
animals over the next hill. It was only around 10,500 BCE® that anyone thought



to suggest that rather than taking the planet as it was when we come across it, we
could instead change the planet to better suit our needs.

This idea represents both the invention of farming (the process of raising and
caring for plants and animals in a convenient location, so that food supplies are
more reliable), and with it, full domestication (the process by which these plants
and animals, once kept in a convenient location, are transformed into more
convenient versions of themselves).* There was no reason this idea couldn’t
have occurred to us sooner, except that we either didn’t think of it or were too
lazy to make it happen. Humanity wasted almost 200 millennia not having this
idea. But it’s already occurred to you, because you just read it. Look at you.
You're already doing great!

Once you begin farming and domesticating animals, you have entered a new
phase of humanity, one in which a single human can reliably produce much
more food than they need to survive. Humans run on food energy—calories—
and you have just produced a surplus. In fact, a farmed field can produce
anywhere from 10 to 100 times more calories than what you’d get by hunting
and gathering an equal area of unfarmed land! And when you add more farmers
and more arable land, you just add to that pile of extra food. It’s on calorie
surpluses—and therefore farming—that civilizations are built.

How? Well, more food obviously lets you have more people. But it also lets
those people stop worrying about where their next meal is coming from, freeing
them up to start worrying about different, more productive things: why stars
seem to move across the sky or how come things fall down instead of up.
Farming also formalizes the idea of an economy in your civilization, since now
farmers can regularly trade their food with others. With an economy comes
specialization: instead of each human having to do everything necessary to
survive (or splitting it among a family group), now someone who’s particularly
talented at farming can focus all their efforts on that. A hunter and gatherer
simply does not have the time to invent integral calculus, but a professor or
philosopher—someone who can both conceive of and devote themselves to such
problems—does.

Specialization gives the people in your civilization the opportunity to go
further in any direction of study than any other human has gone before. It
unlocks doctors who can devote their entire lives to curing disease, librarians
who can devote their entire lives to ensuring the accumulated knowledge of
humanity remains safe and accessible, and writers who, fresh out of school, take
the first job they find and devote the most productive years of their lives to



writing corporate repair manuals for rental-market time machines that their
bosses almost certainly don’t even read,* ironically for so little money that they
can’t possibly afford to go back and fix that one horrible, horrible mistake.*
Specialization goes hand-in-hand with a civilization’s development, because the
greatest resource of your or any civilization is not land, power, or even
technology. It’s human brains—yours and those of the humans around you—that
will be the creative, inventive, brilliant engines that drive your civilization
forward. And it’s specialization—supplied by a calorie surplus—that allows
those human brains to reach their full potential.

Unfortunately, the advantages we’ve just outlined do come with several
challenges. While we believe the benefits do outweigh the drawbacks, you
should be aware of the following Extremely Garbage Features of Farming:

e When wild food is abundant, farming is way more work than hunting and
gathering. What farming offers, though, is the promise of a more reliable
food source and, through domestication, more convenient food sources
too.

e Farming also requires technologies for food storage, because its whole
point is to produce more food than you can eat at once. This again is more
work, but thanks to Section 10.2.4: Preserved Foods, you at least have the
advantage of knowing exactly what to do.

e Farming creates the first income inequality, because not everyone can be
farmers or share equally in the land required for it. Farmers have the most
food and (initially) the most to trade, and everyone who doesn’t want to
become a skeleton needs to continue eating food. You have just created
rich and poor people, or at the very least the potential for them.

e Farming requires infrastructure (fences, etc.), which means you are no
longer mobile. Your civilization has just become a giant and stationary
target. While this text does not include explicit instructions for weaponry,
we’re certain that, should the need arise, you can probably adapt several of
the technologies included here to that purpose.

e Animals carry diseases and can transmit them to humans. Worse, some of
our deadliest diseases don’t bother animals at all. Over 60 percent of all
human diseases originate from close contact with animals, including such
all-time champion diseases as anthrax, Ebola, plague, Salmonella,
listeriosis, rabies, and ringworm. We understand if after reading that list
you want to go back to hunting and gathering, but we promise civilization




will eventually be worth it. Just don’t be surprised if people start getting
sick, and maybe read Section 14 (Heal Some Body) before it’s critical.

In light of these downsides, we would like to take this opportunity to remind
you that it is inarguable that farming leads to calorie surpluses, which leads to
specialization, which leads to innovations like apple pies, time machines, and the
latest mass-market portable music players. If you work hard, you will produce
these. If you hunt and gather, you will not. Instead, you will eat bugs you find
under a rock.

Best of luck with your decision.









UNITS OF MEASUREMENT ARE ARBITRARY,

BUT HERE’S HOW YOU CAN REINVENT THE

STANDARD ONES USED IN THIS BOOK FROM
SCRATCH

!

Can you really reinvent measurement while trapped in the past? We
wouldn’t. .. rule it out.

All units of measurement are arbitrary, but the vast majority of humanity*

agrees that you should at least make them practical by having your units
scale predictably, combine intuitively, and be easy to reproduce while trapped in
the primordial past. Accordingly, in this guide we use the metric system of
measurement (which is based on units of ten) along with the centigrade
temperature system, which ensures you can replicate those measurements no
matter what time period you’re stranded in. All you need is this book and some
water.

The centigrade temperature system is defined by locking in O degrees
centigrade (or 0°C) as the point water freezes, and 100°C as the point where it
boils. You can therefore reproduce it easily no matter what time you’re in: just
mark those two points on your thermometer (see Section 10.7.2), divide what’s
left into 100 equal segments, and you’ve done it.* The “competing” Fahrenheit
system, in contrast, locks in O degrees as the temperature of a weird slurry of ice,
water, and salt that Mr. Fahrenheit threw together before calling it a day, and we
will discuss it no further, except to say 32 degrees Fahrenheit is about where
water freezes, 212 degrees is about where it boils, and you can do so much
better.” If you’d like to operate without negative numbers, you can invent the
Kelvin temperature scale, which is just degrees centigrade, but with 0 Kelvin set




to —273.15°C: the coldest temperature possible in our universe. Water freezes at
273.2 degrees Kelvin and boils at 373.2 degrees.

So that takes care of temperature.

Weight we’ll base around the kilogram, which until 2019 CE was still tied to
actual prototype kilograms: physical masses of platinum safely stored worldwide
in nested bell jars so that humans can point to it and say, “A kilogram is however
much that hunk of platinum weighs.”8 There was the canonical copy—stored in
France—and dozens of duplicates placed throughout the world for both
convenience and safekeeping: after all, you don’t want anyone stealing the only
kilogram in a dramatic and elaborate heist, leaving the entire world unsure of
precisely how much one kilogram weighs.

There are several downsides to this idea, even factoring in the undeniable
allure of heisting the kilogram. These backup kilograms were occasionally
returned to France to verify that they were all still the same weight, and the thing
is: they’re weren’t. Different kilograms stored throughout the world—even those
made from the initial batch of forty cast in 1884 CE—were becoming different
weights, drifting ever so slightly apart over time—and until time travel was
invented, we didn’t even know why.2 Tt gets worse: since the measurements
comparing the weight of prototype kilograms are all relative to one another, this
left open the possibility that all kilograms were gaining or losing mass, and some
were just better at it than others. As kilograms are a central measure in the metric
system, contributing to the definitions of units of force (newtons), pressure
(pascals), energy (joules), and power (watts, amperes, and volts), not to mention
all the myriad other units spun off from these, you can easily see how even a
minor change in the mass of the official kilogram would redefine a (metric) ton
of other units across disparate fields of measurement.

q CIVILIZATION PRO TIP: There are downsides to
building the foundations of modern science and
measurement around the mass of an old hunk of metal
in a jar in France.

Luckily for you, you won’t need such precise measurements for a very, very
long time, and the amount that those prototype kilograms were supposed to
weigh was defined simply as the weight of 10 cubic centimeters of water at 4°C.



You’ve already got water and you’ve got temperature, so all you need to know
now is how big a centimeter is and you can easily reproduce a kilogram.

Before we do that, some terminology. All metric units scale up and down by
powers of ten, which are indicated by prefixes. Here are some common ones,
from smaller to larger:

Prefix Symbol Scale

Nano- n 1000000000% smaller
Micro- R 100000x smaller
Milli- m 1000x smaller
Centi- d 100x smaller

Deci- d 10x smaller

[none] [none] actual size

Deca- da 10x bigger

Hecto- h 100x% bigger

Kilo- k 1000x bigger

Mega- M 1000000x% bigger
Giga- G 1000000000 bigger

Table 6: A true megachart.

Centimeters are 1/100th the size of a meter, and you know that because of
the “centi-” prefix. Similarly, the word “kilometer” tells you it’s 1,000 times
longer than a meter: 1,000 meters. We usually abbreviate meters as “m,” making
centimeters “cm” and kilometers “km.” So how long is a meter anyway?

The meter started in 1793 CE and was defined as “one ten-millionth of the
distance from the equator to the North Pole.” It was redefined in 1799 CE to be
tied to a physical prototype (like the kilogram), redefined again in 1960 CE to be
the wavelength of the emissions of one particular isotope of the element krypton,
and again in 1983 CE to be the precise distance light travels in a vacuum over
1/299792458th of a second. Given your current circumstances, you’ve probably
already noticed how these definitions started out completely useless to you but
then somehow still managed to get worse. Luckily, we noticed that too, and so
we have printed a handy 10cm ruler in this section—as well as an arguably more
convenient one on the dust jacket—so you don’t need to mess around with any
of that. From that you can construct meter sticks that will be pretty darn close to
accurate.



Sidebar: Handy Measurement Templates

Here’s a 10cm ruler.

|I|I||||||||||||||||||||I||I|I||I|I||I||||I||||I|||||||||||||||||||||||||||||||||I||||I||||I||I|I||I|
O 1 2 3 4 5 6 7 8 9 10cmM

Figure 10: A ruler. See, now that “rule it out” pun at the start of this section
makes sense.

To invent and measure angles, just arbitrarily slice a
circle up into 360 equal sections, called “degrees.” But that
can be a lot of very finicky work, so we recommend you
use this protractor template instead:

Figure 11: A protractor covers only half a circle, but you can use two of
them to measure the full 360 degrees.



—p

So now you’ve got standard measurements for length, weight, and
temperature. The only major unit left for you to define is time, which is based on
the second. While the modern definition of the second is the frankly ludicrous
“however long it takes 9,192,631,770 periods of the radiation corresponding to
the transition between the two hyperfine levels of the ground state of the cesium
133 atom,” you intuitively know how long that takes—it’s one second—and all
you need is a convenient reference. To produce a device that can indicate one
second without requiring cesium 133, you’ll need to construct a simple harmonic
isolator, which in non-time-machine-repair jargon means “tie a rock to a string.”

A rock tied to a string that can swing freely is called a pendulum, and it turns
out that one second is the time it takes any pendulum on Earth—regardless of
weight—to swing from one end to the other, as long as the pendulum is 99.4cm
long. This cool property of pendulums—that they always take just about the
same amount of time to complete a swing no matter how far back you pull the
weight before letting it drop—makes this a particularly easy experiment to
perform. This property was discovered by a guy named Galileo Galilei in 1602,
but you’re going to take the credit. It’s your property now.

As we saw, other units can be built up from these measurements. We’ve got
weight and length, but to measure volume you’ll need liters. Conveniently, a liter
is the area enclosed by a cube 10cm wide on each side—the same sized cube
that, when filled with water, weighs exactly one kilogram. For sound you’ll want
to measure frequency, which is simply the number of vibrations per second. A
hertz (or “Hz” for short) is one complete cycle per second, so a frequency of
20Hz just means 20 vibrations per second. For physics, the amount of force
required to accelerate a 1kg mass by 1 meter per second squared is called a
“newton,” the amount of energy transferred to that object over 1m is called a
“joule,” and a watt is simply one joule per second. These units might seem
abstract, but they’ll come in handy with some technologies you’ll be inventing
later on.

And with that, the tiny centimeter printed in this section has helped unlock
measurement of not just length but volume, mass, force, energy, and time itself.
If you’re using the pages of this guide for toilet paper (and you shouldn’t, why
would you be doing that, use anything else) maybe save this page for last.*









NOW WE ARE BECOME FARMERS, THE
DEVOURERS OF WORLDS

How you too can be out standing in your field.

Wouldn’t it be nice if you had machines that ran on water and light and

turned gross dirt into delicious food and fun chemicals? Also, wouldn’t it
be nice if the machines were self-duplicating, self-improving, and—most
exciting of all—not all of them wanted to kill you?

Good news: these machines exist! They’re called “plants,” and they will be
some of your greatest resources in your new civilization. Think of them as free
technology: machines you can use, even by accident, to transform the inedible
dirt around you, the boring light above you, and the tedious water that falls from
the sky into all sorts of useful materials, medicines, chemicals, and foods your
civilization requires. If we did not already have plants, we would think they are
magic. But they are everywhere and evolved before we did, so most of us think
they’re pretty boring.

It took humans almost 200,000 years to realize we could do more than just
gather them up when we were hungry. We could instead domesticate them,
growing them in an environment safer from predators, where we could be
choosy, picking the plants that did more of what we wanted and less of what we
didn’t.

This is called “selective breeding,” by the way, and you just invented it.



SELECTIVE BREEDING

Here’s all you need to do:

1. Find a plant (or animal; this also works on animals) that has exceptional
properties you like. Maybe it produces more kernels of delicious and
nutritious corn than your other plants, or lasts longer in storage, or resists
pests or drought, or maybe even . . . all of the above?

2. Plant seeds from that plant instead of seeds from your other, crummier
plants. (If you’re working with animals, let only the ones you like
reproduce.)

3. Repeat.

By doing this over successive seasons, you will produce crops that
emphasize whatever properties you choose, almost by accident. Here are three
examples of what humans have wrought with the mighty power of selective

; .10
breeding alone:~"
Fruit or First Modern variety you used to enjoy like it wasn’t
vegetable domesticated even a big deal Incredibly disappointing ancient ancestor
Corn 7000 BCE e 190mm long e 19mm (10 times smaller, 1,000 times less
e peels easily volume)
e sweet and juicy e peels by being smashed into pieces
e 800 soft kernels e tastes like a dry, raw potato
e 5-10 very hard kernels
Peach 5500 BCE e 100mm long e 25mm long (4 times smaller, 64 times less
e 9:1 flesh-to-stone ratio volume)
o soft and edible skin o 3:2 flesh-to-stone ratio
e sweet and juicy e waxy skin
e tastes earthy, sour, and slightly salty
Watermelon 3000 BCE e 500mm long e 5mm long (100 times smaller, almost 1,000,000
e available in seedless varieties times less volume)
e easily opened, you can just punch your 18 bitter, nutty seeds
way in requires hammer or smashing to open

e almost fat- and starch-free
e delicious taste, sweet smell

high in starches and fats
bitter taste, unpleasant smell

Table 7: Food used to suck.

And these were all bred before we knew what genetics were, before we
knew we could induce plants and animals to evolve for us, and before we knew



that directed selective breeding could have effects within a single human
lifetime. But you already know all this stuff. You’re ahead of the game already!

There is, however, a downside to planting the same thing over and over.
Rather than letting you find out by surprise and then starving to death like
countless other humans have throughout time, we thought we’d tell you.
Growing the same plant repeatedly will kill your soil (slowly) and then you
(more quickly). Luckily, you can solve this problem with a technology called
“crop rotation.” What’s “crop rotation,” you ask, as allured as you are
entertained? We’re more than happy to answer.



CROP ROTATION

There are three simple but extremely critical things to keep in mind about plants:

1. Plants use the sun’s energy to become big and delicious.
2. The chemical they use to extract that solar energy is called “chlorophyll.”
3. Nitrogen is a critical ingredient in chlorophyll.

It’s an oversimplification to call nitrogen “magic plant food,” but it’s not far
off. It’s the most commonly supplied plant nutrient around the world, and the
whole reason plants like the Venus flytrap and pitcher plants evolved actual
carnivorous mouths was simply to harvest the nitrogen from passing insects. The
good news: if you’re alive enough to read this, then Earth’s atmosphere is full of
nitrogen. The bad news: plants can’t access it there. Instead, they take it from the
soil. And since plants remove nitrogen from soil and don’t replenish it, if you
plant the same thing over and over, you will have some very, very bad problems.

Specifically, you will have these particular very, very bad problems:

1. The soil will exhaust its nitrogen, along with the other nutrients required
by your crop, meaning your crop will grow progressively less well every
year until it fails entirely.

2. Pests and diseases attracted by the crop you keep constantly planting will
thrive, as there is no interruption to their life cycles or habitat.

3. By not having different crops in rotation at the same time, you are
vulnerable to complete starvation if your crop fails.

4. Crops with shallow root systems cause dirt to not stick together as well,
and your soil will erode away.

5. Crops with shallow root systems leave less biomass in the soil after
harvesting, which leaves it less nutrient-rich for the next crop.

6. Your farm will be sad and boring, and you’ll have the same thing for
dinner every night.

To avoid these problems, you need to allow the soil to recover. Unless
you’ve got an extreme case, recovery is easy: just till the ground but don’t plant



anything for a year (in farmer talk, this is letting the field “lie fallow”) while
your animals hang out there. Tilling kills weeds, and your animals’ poop and pee
are full of nitrogen, so it restores the soil.* So, great! Your soil will be fine, as
long as you don’t mind not eating anything for a full year. And if at this point
you’re thinking you could easily improve this system by farming only half your
fields each year while the other half recover, congratulations: you just invented
crop rotation!* Specifically, two-field crop rotation. It looks like this:

Field 1 Field 2

Year 1 Plant whatever food you want. Lie fallow, let animals graze here so their poop fertilizes the land.

Year 2 Lie fallow, let animals graze here so their poop fertilizes the land. ~ Plant whatever food you want.

Table 8: The two-field crop-rotation system, featuring both foods and poops.

This system leaves 50 percent of your fields unproductive, but it’s simple,
it’s reliable, and it lets you eat every year. But if you want to get fancier and/or
want to answer people’s complaints about how nice it’d be to farm at greater
than 50 percent efficiency, you can invent three-field crop rotation. It works like
this:

Field 1 Field 2 Field 3
Year Lie fallow, animals poop here. FALL: plant wheat and rye (human food). SPRING: plant oats and barley (animal
1 food), plus legumes.
Year SPRING: plant oats and barley (animal Lie fallow, animals poop here. FALL: plant wheat and rye (human food).
2 food), plus legumes.
Year FALL: plant wheat and rye (human food). SPRING: plant oats and barley (animal Lie fallow, animals poop here.
3 food), plus legumes.

Table 9: The three-field crop-rotation system. Now you’re planting twice a year and working twice as
hard! What a world!

You’re now planting and harvesting twice as much food, which requires
labor or better plows (historically the moldboard plow does the trick: See
Section 10.2.3), but this does bump you to 66 percent productivity. But with
fields being used twice before they’re harvested, won’t the soil get exhausted?

The answer lies in the legumes you were planting. Legumes are dry fruit
contained within a shell or pod, and they include plants like chickpeas, regular
peas, soybeans, regular beans, alfalfa, clover, lentils, and peanuts. We’ve listed
them out just now because you’ll definitely want to farm at least one of these
bad boys! Why? Besides being reasonably tasty, legumes are one of the few




plants that can host certain bacteria (called “rhizobia,” though of course you can
call them whatever you want) in their roots, and these bacteria do something
extremely valuable, something that no plant on Earth can do on its own.

They add nitrogen back into soil.

Specifically, when rhizobia infect plants, they act as a symbiote, taking some
carbon produced in the plant during photosynthesis, and in return converting
nitrogen gas (N,) into a form plants can use (NH,, or ammonia), which is stored

in the roots of that plant as nodules. And when you harvest these plants—Ileaving
the roots in the ground—both nitrogen and rhizobia return to the soil to wait for
the next planting.

The legumes—or rather, the bacteria that infect them—are the glue that
holds this whole “three-field crop rotation” thing together. Civilization lasts only
as long as people are kept fed, and while three-field crop rotation allows you to
increase your food output—thereby increasing the maximum size of your
civilization and therefore the number of human brains available to it—it also
means that everything you do, from your smallest victories to your greatest
accomplishments, will depend on a bunch of invisible single-celled microbes
that live in the dirt. If they fall, so too falls your civilization.

q CIVILIZATION PRO TIP: Don’t forget to plant your
legumes.

But can we get even more efficient? Can we be so bold as to invent a four-
field crop-rotation system, bringing efficiency up to 75 percent, or—dare we
dream—100 percent? It took hundreds of years for humans to muster up the
courage to even consider doing such a thing, but you bet your calorie surplus we
can:

Field 1 Field 2 Field 3 Field 4
Year 1 Wheat Turnips Barley Clover
Year 2 Turnips Barley Clover Wheat
Year 3 Barley Clover Wheat Turnips
Year 4 Clover Wheat Turnips Barley

Table 10: Finally, a way to farm that doesn’t require anyone to take any time off ever. Progress!



Here is a system of crops that works to support both the land and the farmer.
Wheat is for humans, barley and turnips are intended for both humans and
livestock, turnips keep well over winter to feed animals, and clover restores the
soil: any legume works, but clover is especially good at it.* In addition, animals
can graze on the fields during the turnip and clover phases, which helps control
weeds. Each field goes three years before the same crop is grown again, which
starves pests that could survive if the plant they fed on was grown more
frequently. If you don’t have all these crops in your area, you can substitute other
plants, as long as the nitrogen keeps being restored.* Be careful, though: when
you don’t let a field rest, you can overplow it, which causes problems (see
Section 10.2.3: Plows).

You might be feeling like humans are pretty smart for figuring all this stuff
out, but here’s something embarrassing: the science for this “nitrogen” stuff all
came later. Instead we just used trial and error over thousands and thousands of
years, which meant even the most basic two-field crop rotation didn’t show up
until 6000 BCE, and four-field crop rotation arrived only in the 1700s CE. That’s
more than 20,000 years just to invent non-crappy farming! And it gets worse: the
symbiosis between rhizobia and legumes, which is what makes advanced crop
rotation possible, first evolved over 65 million years ago. That’s so far back that
actual dinosaurs could’ve invented our most complicated system of crop
rotation, if only they were smart enough to, and had tried to, and had also not
been horrifically killed by asteroids.*

Besides nitrogen, plants also need calcium and phosphorus. You can get
phosphorus from bones and calcium from teeth, so recycling animal skeletons is
a good idea. You can crush and boil them to produce bone meal—an easier-to-
spread alternative to chucking bones into a field—and by reacting the bone meal
with sulfuric acid (see Appendix C.12) you produce a phosphate that’s easier for
plants to use and therefore a more effective fertilizer.

Now that you know about selective breeding and crop rotation, you (or
members of your civilization, if you’re not “the farming type”) are ready to
efficiently farm. However, depending on where and when you are, different
plants and animals will be available to you: these are detailed in the next two
sections. Most of the biomass on Earth is useless for feeding humans: it’s either
indigestible, poisonous, dangerous, too tedious to gather or prepare, or not
nutritious enough to make it worthwhile. But don’t despair: a small minority of
the plants and animals on this planet are really useful for humans, providing
shelter, food, and treatment for diseases!




Hey, fingers crossed you’re near some of those ones!









WHAT WILL OTHER HUMANS BE EATING IF
I’M STRANDED AFTER THEY’VE EVOLVED
BUT BEFORE AGRICULTURE AND SELECTIVE
BREEDING ARE A THING, AND HOW CAN 1
TELL IF IT°S POISONOUS, BECAUSE I BET
THESE ANCIENT HUMANS ARE EATING SOME
REALLY STUPID STUFF?

Great news: you can eat anything once!

h We do not know a lot about fruits and vegetables from this era (from
between 200,000 BCE and 10,500 BCE), as most temporal research on this
period has focused on more interesting questions, like “What did Mitochondrial
Eve—who even without time machines we know lived between 99,000 and
148,000 years ago, and is the most recent common female ancestor of every
single human alive today—look like?” In case you’re curious, she looked pretty
great. The male equivalent, “Y-chromosomal Adam,” is the most recent ancestor
from which all humans in the present are descended through their fathers. He too
was a stone-cold fox.
But getting back to fruits and vegetables, here’s what we know:

e 780,000 BCE: figs, olives, and pears are being eaten. This predates even
the evolution of anatomically modern humans.

e 40,000 BCE: dates, legumes, and barley are being enjoyed.

e 30,000 BCE: apples, oranges, and wild berries are being consumed.

¢ 10,500 BCE: farming is invented, and selective breeding of plants and
animals.



Luckily for you, you’ll find edible fruits and vegetables in any era humans
exist in, because if there weren’t any, then humans would’ve died out and we’d
never have lasted long enough to take the very fabric of time and space and tear
a hole in it big enough to shove an FC3000™ through. The bad news is, these
edible plants, leafy greens, and vegetables are likely be different from the ones
you’re familiar with.

And they will almost certainly be worse.

As we have seen, selective breeding made plants better (from a human
perspective: higher yields, bigger fruits, hardier breeds, etc.), which necessarily
means the further you go back in time, the worse fruits and vegetables you’re
going to find. Smaller yields, more disgusting flavors, worse harvests,
inconvenient packaging: all these frustrations and more await you in your future,
by which, of course, we mean the distant past. Remember the early ancestors of
corn, peaches, and watermelons that we saw in the previous section? Well, here’s
what they looked like before and after selective breeding:



BEFORE SELECTIVE AFTER SELECTIVE
BREEDING: BREEDING:

WATERMELONS: @
—

PEACHES: d

Figure 12: Prepare for disappointing salads.

If you ever want to eat watermelon and peach fruit salad (with . . . corn on
the side?) again, you’re going to have to selectively breed these plants yourself.
You won’t find a decent head of corn before 900 CE, which is too bad, because a
single kernel of modern corn has more nutritional value than an entire ear of its
early ancestor. You won’t find orange carrots before 1600 CE, every avocado
you’ve probably ever eaten derives from a seed found under mysterious
circumstances in 1926,* and the red grapefruit you’re familiar with didn’t exist
before government-sponsored radiation experiments performed the 1950s.*
However, you will find you have the distinct advantage of knowing that you can
coax these plants you remember into existence through selective breeding, and
that what you want to do is possible, achievable, and totally worth it.



But before you can do any of that, you’ll need to forage for plants and
animals—both to eat and to start farms with—and you’ll probably encounter
potential foods that both you and humans native to this era aren’t familiar with.
How can you tell if they’re safe to eat? A bad answer is “Eat a bunch and see if
you die,” a better answer is “Eat just a little bit and see if you die,” but the best
answer is “Read this section and then remember what you read, because there’s
actually a way to eat strange foods relatively safely.”

First off: there aren’t any mammals whose flesh is naturally poisonous, so
they’re generally safe to eat (food allergies aside)—but if you’re dining on
platypus, maybe don’t go to town on the venom sack.* There are no birds with
naturally poisonous flesh either, but there are a handful of them—Iike quail and
the African spur-winged goose—whose flesh, skin, or even feathers can on the
right diet become poisonous. These birds can eat plants and animals toxic to
humans and then incorporate those toxins into their bodies, so don’t gobble all
birds willy-nilly.* It gets even dodgier when you move on to eating snakes,
reptiles, fish, spiders, and dinosaurs, all of which have naturally venomous
species. In fact, all spiders are technically venomous, but only a few have venom
strong enough to kill you.

Plants are an even greater toxic threat than animals. Since plants can’t move
like animals to escape predators, they’ve evolved several defensive strategies,
many of them operating on the principle of “I’ll make whoever’s eating me so
sick that they never bother me again, but on second thought, why take the risk,
better to just kill them the first time.” Some plant toxins are irrelevant (apple
seeds contain cyanide, but you’d have to eat tons of them to be affected), while
others are brutally horrible. Among the worst is the Australian stinging bush,
also known as the “suicide plant” after stories of both humans and animals
killing themselves to escape the pain it produces. When you touch this plant, the
neurotoxin-coated hollow hairs covering it pierce your skin, causing an
unbearable pain described as similar to being burnt with acid and electrocuted at
the same time, and the only treatment is to soak the affected area of your body in
hydrochloric acid and then remove the plant hairs with tweezers—carefully,
because if they break off inside the skin, that only increases the pain.

q CIVILIZATION PRO TIP: Even the plants in Australia
want to kill you.



Needless to say, you’ll want to stay away from any plants 1m to 3m tall with
hairy, heart-shaped leaves ranging from 12cm to 22cm long that you find in
Australia. Luckily, you can put any food, whether plant or animal, to the
universal edibility test described in the sidebar on this page. Before submitting a
new food to the test, make sure to have lots of water nearby (fresh and salted),
and some charcoal (Section 10.1.1). The fresh water is for drinking and to clean
affected areas of your skin, lips, or tongue if something bad happens, the
saltwater is to induce vomiting if something bad happens inside you, and a
teaspoon of charcoal can be mixed with the water to produce a paste that will
either induce vomiting when swallowed or, if you can keep it down, help absorb
toxins. Bon appétit!




Sidebar: The Universal Edibility Test

Test each part of a potential food separately (seeds, stem,
leaves, buds, fruit, etc.), and in the same state you intend to
eat it in (raw or cooked). Cooked is always safer. Don’t eat
for eight hours before each test, and remember that testing
just a single part of a single potential food will take the
better part of an entire day. To save yourself from wasting
time eating poisons, remember that bright colors are
usually (but not always) used in nature to mean “I’m easily
seen, which means I’m not worried about predators, which
means if you eat me you’re probably going to have a bad
time.”*

1. Smell the food: a strong, unpleasant smell is usually a
bad sign. Don’t eat it if it smells rotten—because it
probably is—and if your food smells like almonds but
is not, in fact, almonds, it might contain cyanide.

2. The skin inside your elbow or wrist is sensitive: gently
rub a piece of the food there and wait 15 minutes. If
your skin burns, itches, goes numb, or reacts in any
way, don’t eat it.

3. If nothing bad happens, briefly touch the food to the
corner of your mouth, then wait 15 minutes.

4. If nothing bad happens, briefly touch it to your lip and
tongue, and wait another 15 minutes.

5. If nothing bad happens, place a piece on your tongue
and wait with it in your mouth for, you guessed it, 15
minutes.



6. If nothing bad happens, chew it once, but don’t
swallow. Hold it in your mouth for 15 minutes.

7. 1f nothing bad happens, swallow the piece you chewed
15 minutes ago, and consume nothing but water for
the next 8 hours.

8. If nothing bad happens, eat a small handful of the food
and wait another 8 hours.

9. If you’ve gotten this far without any reaction, the food
is probably safe to eat! You can add it to your diet
slowly over the next week.

This whole process takes seventeen and a half hours,
and you can’t eat anything else during the test, but it is a
viable way to experiment with new foods and also not die!
And while it’s not perfect—a rash from poison ivy, for
example, can sometimes take days to manifest—it does
limit your exposure.

—p









PUTTING DOWN ROOTS: USEFUL PLANTS FOR
THE STRANDED TIME TRAVELER

A taste for these plants is definitely worth . . . cultivating.

The following is a list of the plants that have been most useful to humanity,

as well as the things you can do with them. Plants predate humanity and
their natural evolution generally proceeds slowly, which means that in any time
where you can find humans, you will also find plants that match or approximate
the entries on this list. It is important to note, however, that the plants you
encounter may be slightly different—or in some cases markedly different—from
the kinds you are familiar with. For more information on why this is, and how
you can recover the plants you’re familiar with from their weird ancestors you’re
seeing, see Section 5.

Examine the following pages to find the most useful plants native to your
region: plants are listed alphabetically, and each includes the area they first
evolved in. If you don’t know what region of the planet you’re on, you can try to
find some plants you recognize around you and then locate them in these pages.
In the unlikely event you don’t know what any one of these plants look like, at
the very least you’ll know what sorts of things you can expect out there, and
while entire books have been written about each of these plants, a few sentences
about each species is technically better than nothing. Depending on your time

period, you may get lucky and find instances of these plants outside their native

ranges. 1l



7.1: APPLES

v
ORIGIN

Central Asia

USES

e The apple tree was among the first trees cultivated, and its fruit has been
improved for thousands of years, so if you’re back before selective breeding
was invented, expect some disappointing and tiny sour apples consisting
mostly of seeds and a core. Enjoy!

e Apples picked in fall and stored in a cool place keep well over winter.

NOTES

e Apple cider can be made by leaving out apple juice and allowing natural
yeast to ferment it. It might not be delicious, but it will be alcoholic!



7.2: BAMBOO

v
ORIGIN

Warm, moist tropical regions

USES

e For a long-lasting writing surface (especially useful before paper), scrape
off the outer green skin, split them open on one side, and flatten them.
Multiple shoots can be joined together!

e Great for flutes (also, blow guns), plus the shoots are edible.

e Can be used to construct arrows, baskets, scaffolding, furniture, walls,
flooring, electric light filaments, water pipes, and as a reinforcing agent in
concrete if steel is not invented yet, since bamboo has a tensile strength (the
ability to withstand heavy loads without snapping or being pulled apart)
that’s almost as good as steel.

e Attracts adorable giant pandas.

NOTES

e Bamboo is an incredibly versatile plant, and if you are stranded in an area
of the planet where it grows, you will have a lot of what you need for a
civilization from this one plant alone!

e Bamboo is one of the fastest-growing plants in the world, and that’s
useful if you want plants, like, yesterday.



7.3: BARLEY

v
ORIGIN

Temperate regions worldwide

USES

e Humans eat it! Animals eat it too! This is an essential crop available over
most of the world!

NOTES
e Barley beer is among the first alcoholic drinks ever made by humans!*
To find out how to make your own beer, see Section 10.2.5.
¢ One of the oldest extant recipes is for a barley beer, and you know we’re
going to give it to you (see sidebar on this page). Cheers!




7.4: BLACK PEPPER

v
ORIGIN

Southern Asia and Southeast Asia

USES

e Harvest the red fruits of the pepper vine and let them dry in the sun, and
you’ll have black peppercorns that you can then grind into your food for
that spicy, peppery flavor.

e A ubiquitous spice in the modern era, it remains the world’s most traded
spice!

NOTES

¢ In Medieval Europe, pepper was worth ten times more than any other
spice! People either love this stuff or hate bland food. Maybe both?
Probably it’s both.

e Pepper was also thought to cure constipation, insomnia, sunburn, and
toothaches, as well as other diseases. It doesn’t, so don’t waste your time.



7.5: CACAO PLANT

v
ORIGIN

Rain forests of Central and South America

USES

¢ Chocolate is delicious, and the cacao bean is where it comes from. Scoop
the beans from the pods, let them ferment beneath banana leaves, then dry
them in the sun, roast them, and remove the shell. Grind what’s left and
you’ve got pure chocolate.

e Naturally bitter, for centuries chocolate was roasted, ground, and then
added to stews or wine, but chocolate really took off in Europe when paired
with sugar and made into a delicious beverage!

NOTES

e The pulp from the bean pods can also be eaten (or, like any sweet fruit,
fermented), and it was the pulp—rather than the beans—for which the plant
was originally cultivated!12

e Chocolate is one of the most sought-after flavors in the world, so get
ready for your civilization to be pretty popular.

e The most universally agreed-upon-to-be-delicious chocolate form is milk
chocolate, which you can produce by adding milk, sugar, and fats to your
chocolate over heat, and then allowing it to cool. Milk chocolate keeps well
and is high in calories, making it a useful food on long voyages (see Section
10.12.5: Boats).




7.6: CHILI PEPPER

v
ORIGIN

Central and South America

USES
¢ Good for making food spicier and, therefore, more delicious. Also:
extremely useful in making chili.
e The active component is called “capsaicin” and can be used in very light
concentrations for temporary pain relief: it works by overloading pain
receptors.

NOTES

e (Capsaicin is the second-most widely consumed condiment, after salt.
People love this stuff!



7.7: CINCHONA

v
ORIGIN

Bolivia, Peru

USES

e The bark of this tree contains quinine, and guess what? Quinine is a
treatment for malaria!

NOTES
e To fight malaria, strip the bark from the tree, dry it, powder it, and gobble
it. Side effects include headaches, trouble seeing, ringing in the ears or
deafness, and an irregular heartbeat, so don’t eat quinine unless you need it!



7.8: COCONUT

v
ORIGIN

Indo-Pacific regions

USES

¢ An extremely versatile plant: its fronds can be used for fuel, baskets and
mats can be woven from its leaves, its stalks can form brooms, the hair
from the coconut shell can be woven into rope, and of course coconut flesh
is extremely delicious!

NOTES

e Coconuts are airtight, which means the water they contain is actually
germ- and bacteria-free. They’re a great source of safe and clean drinking
water, and one that doesn’t require any technology to produce! You might
even say they’re “coco-nuts,” but you won’t, because you’re too busy being
stranded in the past to make puns right now.



7.9: COFFEE

v
ORIGIN

Africa

USES
¢ Dry the beans, grind them up, and run water through them to produce a
black liquid that a lot of people like to drink for some reason.

¢ Unrelatedly, coffee is high in caffeine, which is the world’s most-
consumed psychoactive drug!

NOTES
e Caffeine prevents the symptoms of drowsiness and stimulates parts of the
central nervous system.

* You can overdose and die from consuming too much caffeine, so maybe
take it easy with the coffee there, champ.



7.10: CORN

v
ORIGIN

The Americas

USES

¢ A staple crop of American civilizations, corn is a convenient and efficient
way to feed both humans and animals. Everyone loves corn! Or at least,
everyone will eat it when there are no other options.

¢ An extremely versatile vegetable, corn can be boiled, baked, steamed,
eaten raw, crushed into corn powder, heated to make popcorn, baked into
bread, or brewed into beer.

NOTES

e Domesticated corn (available after around 7000 BCE) does not naturally
reproduce: to produce more corn, you must conserve kernels until next
spring, then bury them in the ground. It’s been so thoroughly domesticated
that it can no longer survive without human aid and interference. Thanks
for the trust, corn!



7.11: COTTON

v
ORIGIN

The Americas, Africa, India

USES
¢ Even in the modern era, it’s one of the most important non-food crops in
the world.
¢ Cotton can be used to make soft, breathable clothing and textiles, along
with sails and fishing nets for boats, paper, coffee filters, tents, and even
fire hoses.
e Cotton fiber is very high in cellulose, which makes it great for
papermaking: see Section 10.11.1.

NOTES

e To make cotton yarn—which can then be woven in fabric—first pick the
fluffy balls off the tops of cotton flowers. Pull them across a rough board to
separate the seeds from the lint. The lint can then be combed to straighten
out its fibers and spun into yarn. See Section 10.8.4 for more.




7.12: EUCALYPTUS

v

ORIGIN

Australia

USES
¢ Bark resins can be used to produce mouthwash.
e The flowers attract honeybees that make delicious honey.
e The leaves produce oil that’s actually surprisingly useful in medicine
(allow your eyes to drift over to the notes section for details).
¢ Also, eucalyptus oil can be used to make food taste deliciously spicy and
can be added to soaps as a perfume.

NOTES

Eucalyptus oil . . .
e applied topically is antiseptic and anti-inflammatory. Apply it to wounds
to help prevent infection!
e swallowed helps relieve cold and flu symptoms such as sore throat.
e inhaled as a vapor is a decongestant and treatment for bronchitis.
e applied to skin also works as an insect repellant! Thanks, eucalyptus oil,
you’re super useful.
e is also extremely flammable, so much so that burning eucalyptus trees
sometimes explode, so be careful with it.
e can be toxic if too much is consumed: a lethal dose is in the range of 0.05
mL to 0.5 mL per kg of body mass.



7.13: GRAPES

v
ORIGIN

Western Asia

USES

e The fruit can be eaten raw, sun dried to produce raisins (which keep for
longer), or fermented to produce wine, which humans, historically, have
enjoyed getting pretty buzzed on.

e While grapes will ferment on their own, the art of the wine maker is to
stabilize the drink after fermentation stops, preserving it at the right
moment to produce a more delicious beverage.

NOTES

e [f you’re around when steam travel is beginning between Europe and
America, be aware that the unprecedented speed of these ships will allow
pale yellow American “phylloxera” insects—all of whom used to perish on
the previous, longer oceanic crossings—to survive the voyage. When these
insects arrive in Europe, they will become an epidemic, destroying
vineyards there for generations. The eventual solution will be to graft
European grape plants onto the rootstock of phylloxera-resistant American
grape species: the sooner you come up with this, the more you will alter the
history of the world (at least the wine-drinking parts of it).



7.14: OAK TREES

v
ORIGIN

Northern hemisphere

USES

e (Oak is a very dense, strong, but flexible hard wood, resistant to insects
and fungus.

¢ Everything from boats to buildings can be made from oak!

e QOak bark also contains tannins: chemicals that let you turn gross animal
skin into flexible, wearable leather. See Section 10.8.3 for instructions.

NOTES
e (ak trees can live for more than 1,500 years, and it takes about 150 years
for an oak tree to grow to the point where it can be harvested for wood, so
oak farming is a situation in which you’ll want to plan ahead.



7.15: OPIUM POPPY

v
ORIGIN

Eastern Mediterranean

USES

e A pretty plant that also happens to produce a sap from its seed head that
contains opium: the source of morphine (a painkiller), codeine (another
painkiller, also used to treat coughs and diarrhea), and heroin (a highly
addictive narcotic).

e [f you’re not interested in drugs, poppy seeds can also be used as a tasty
spice!

NOTES

e Harvest opium by scouring the surface of a ripening poppy head in the
evening, collecting the sap that oozes out in the morning. Let it dry in the
sun and you’ve got raw opium.

e Morphine can be extracted from poppies by cutting up the dried plants
and boiling them in three times their weight of hot water until a paste forms
at the bottom. Add lime (see Appendix C.3), repeat the process, and then
add ammonium chloride (Appendix C.6) to precipitate out morphine, which
is then purified by hydrochloric acid (Appendix C.13).



7.16: PAPYRUS

v
ORIGIN

Egypt, tropical Africa

USES

e A great thing to write on before you’ve either invented paper or
discovered that if you dry and stretch animal skins you can make parchment
to write on instead.

NOTES

e Make papyrus paper by peeling away the outer layer of papyrus stalks,
then cutting them into long strips. Let them soak in water for a few days.
Align them side by side, edges slightly overlapping, then put another layer
on top, perpendicular to the first. Press them flat for a few days, and ta-da!:
you have produced a single sheet of papyrus paper!



7.17: POTATO

v
ORIGIN

The Andes in South America

USES

e Potatoes are one of the few plants that contain all the nutrition humans
need! You can live entirely off potatoes (but shouldn’t, because then you’re
extremely vulnerable to crop failure).

e All parts of the potato are poisonous until cooked, so don’t eat raw
potatoes. Their poison gives you a slight advantage: humans are the only
animals that cook their food,* so animals that also find potatoes toxic won’t
steal them from your fields.

e Boil them, mash them, stick them in a stew, even cook them in oil to
make delicious fries and potato chips (which are not healthy, but which are
extremely delicious, and listen, sometimes a civilization just wants a bunch
of chips for dinner, okay?). Potato chips don’t normally get invented until
the 1800s CE, but they’re so easy to make that you might as well enjoy
them now.

NOTES

e Potatoes can be grown almost anywhere except in the tropics, and they
produce more calories per square kilometer than any cereal crop!

e Historically there was European resistance to the potato: Protestants
thought they were an evil thing from the “New World” that multiplied
underground and whose curvaceous shape was “suggestive.” Yes: if you
can trace your ancestry back to the early days of the United States, there’s a
fair chance your ancestors were turned on by potatoes. This resistance was
overcome in many ways, most notably in France, where potatoes were
planted on the grounds of the Palace of Versailles, where “guards” were
placed to protect this new and mysterious royal vegetable. At night the
guards would retire, and citizens, curious about this new crop, would raid
the fields, soon growing potatoes themselves.



7.18: RICE

v
ORIGIN

Asia and Africa

USES

¢ Rice has been continuously cultivated for tens of thousands of years, so
billions of humans have found it both convenient and tasty.

e Try it with a curry on top: delicious.

e A staple crop for Asian civilizations.

NOTES

e More than 1/5 of the calories consumed worldwide by humans come
from rice, more than any other plant!

e Rice grows best in wet soils, so areas with high rainfall work great, but it
can be cultivated to grow almost anywhere as long as you water it.

e Rice can be grown in a flooded field, which has the benefit of both
deterring vermin and preventing weeds that can’t survive flooding from
growing.



7.19: RUBBER PLANT

v
ORIGIN

Different species of rubber trees are native to South America

USES
The sap from rubber trees is a flexible, sticky, and waterproof latex that has
many uses:
¢ making erasers (from which we get the term “rubber,” for rubbing out
mistakes)
e pressing into sheets to make waterproof clothing
e as an adhesive or cement
¢ as an insulator when dealing with electrical currents (Section 10.6.1)

NOTES
e Natural rubber decays, but it can be transformed into a less sticky, more
flexible, and longer-lasting material through chemistry! This process is
called “vulcanization” (and while you can of course call it whatever you
want, “vulcanization” already sounds pretty sweet).
e The easiest way to vulcanize rubber is to add sulfur to it while it’s being
heated. If you don’t have pure sulfur lying around, great news! The South
American rubber plant is typically found with another plant climbing on it:
a vine with large, fragrant night-blooming white flowers. The juices from
these “moonflower” plants contain sulfur. You’ve got all the ingredients
you need to make vulcanized rubber side by side!



7.20: SOYBEAN

v

ORIGIN

East Asia

USES
e Soybean plants produce two times as much protein per square kilometer
as other vegetables, five to ten times more than land used for grazing
animals to make milk, and fifteen times more than land set aside for meat
production. You like protein? You came to the right place.
e Soybeans are also a great source of many essential nutrients.

NOTES

e Like yams, soybeans are toxic to humans (and all other animals with just
one stomach) when raw, and need to be cooked before being eaten. Listen:
you should be cooking a lot of the mysterious food you find anyway. Plenty
of foods have toxins that get destroyed by cooking, and no foods become
toxic when cooked. Cooking: it’s great!



7.21: SUGARCANE

v
ORIGIN

New Guinea

USES

e The juice pressed from sugarcane plants can be boiled down to a density
at which table sugar crystallizes out! While not necessary for civilization,
sugar does make life sweeter (and also contributes to diabetes and obesity
and makes it harder for your body to process fiber, so maybe go easy on the
sugar).

e [f you’re not in the tropics where sugarcane grows, you may be in
temperate climates where sugar beets are found! Shred the plant and then
boil it for hours to extract the sugars. The resulting liquid can then itself be
boiled down to produce a thick molasses.

NOTES

e The dried pulp left over from sugarcane sugar extraction can be used to
make paper.

e Sugarcane is one of the most efficient photosynthesizing plants: it
converts more sunlight into biomass than just about any other plant! This
means if you want to use plants as a fuel source, you’ll get the best and
most productive use of your land by growing sugarcane, drying it out, and
then burning it to boil water (which can be used in your steam engine, see
Section 10.5.4). You can even burn the dried pulp left over from producing
sugar, making sugarcane even more efficient.




7.22: SWEET ORANGE

v
ORIGIN

China and Southeast Asia

USES

e Contains tons of vitamin C and comes conveniently wrapped for transit!

NOTES

¢ Humans require vitamin C but cannot produce it on their own, so eat an
orange if you don’t want scurvy (or if you already have it, because it’s a
cure).

e Most fresh foods contain vitamin C, but the vitamin breaks down when
exposed to light, heat, and air, so most preserved foods don’t contain any at
all! Section 9: Basic Nutrition shows how knowing this simple fact will
save thousands if not millions of lives.

e The sweet orange was not bred until the 1400s CE, so before then expect
some very bitter oranges.




7.23: TEA

v
ORIGIN

China, Japan, India, Russia

USES
e Put the dried leaves in hot water and it’s delicious.

e Also, it’s a source of caffeine, which can be valuable if you haven’t been
to Africa yet to discover coffee.

NOTES

e Tea is the second-most widely consumed drink in the world (only water is
more popular), so yeah, it’s pretty tasty.

e Tea can be made from other plants too, but these are usually called
“herbal teas.” Proper tea comes from the tea plant, and you should accept
no substitutes.

e Try it with milk and sugar, or iced with lemon!



7.24: TOBACCO

v
ORIGIN

Central America

USES

e Contains nicotine, a stimulant.
¢ You can smoke it if you want to become addicted to a plant!

NOTES
¢ In the twentieth century CE tobacco was the leading cause of preventable
death, and 1 in every 10 people who died worldwide died because of
tobacco use.
¢ Even secondhand exposure can be fatal, so don’t smoke it or be around
people who do.
¢ Avoid introducing tobacco to your civilization, and you will save yourself
billions of dollars and millions of lives and prevent the invention of vaping.



7.25: WHEAT

v
ORIGIN

Middle East (Fertile Crescent)

USES

e This is a staple crop for European civilizations. Ground wheat (which is
what it sounds like: wheat pulverized into powder by grinding it between
two rocks: see Section 10.5.1), mixed with water and given a little heat,
produces flatbread and biscuits that will last quite a while before rotting.
You can use wheat to make ale too: see Section 10.2.5.

e Dried wheat stores well and will still grow wheat plants next spring.

e To separate the grain from the plants, just lay cut plants on the ground
and hit them with sticks: this causes the grain to separate. Next, to separate
the wheat from the chaff (i.e., the grains from the empty husks), just throw
your grains into the wind: the chaff and straw will be carried away while
the denser wheat falls down.

¢ Pre-domesticated wild wheat had an important feature that was soon bred
away: the seed heads would open to scatter their seeds on the ground or in
the wind. Humans naturally preferred to collect wheat with closed pods—
since then the seeds weren’t lost—and this quickly led to domesticated
wheat, which keeps its seed heads closed. These closed seed heads mean
that domesticated wheat is now unable to survive without humans to plant
it.

NOTES

e Wheat is grown on more land than any other food and is the most popular
vegetable source of protein.

e Bread is a staple food that’s both simple and nutritious and has been
consumed for tens of thousands of years, so it’s no surprise it’s inspired
several sayings: depriving someone by taking the bread out of their mouth,
being savvy and knowing which side your bread is buttered on, the idea that
we can’t live on bread alone, and things being the greatest thing since
sliced bread.



e Sliced bread, incidentally, was first commercially available on July 7,
1928 CE. Before then you had to slice bread yourself, all the while
whispering “the greatest thing ever would be to not have to do this
anymore.”

¢ You can invent fans if you don’t want to rely on windy days when
separating wheat from chaff: combine an electric motor (Section 10.6.2)
with a propeller (Section 10.12.6).

e Domestication of wheat can be achieved in as little as twenty years!13




7.26: WHITE MULBERRY

v
ORIGIN

China

USES

e This plant is the preferred food for silkworms (see Section 8.15), which
produce silk.

NOTES

e For more than a thousand years the Chinese traded silk while also
keeping the knowledge of how it was produced completely secret from the
rest of the world, ensuring they’d have a monopoly on this extremely
lucrative product. (The fact that anyone who exported silkworms or their
eggs was condemned to death probably helped.)

e Theories of where silk came from included the petals of a rare flower, the
leaves of a special tree, or even an insect that would eat until it exploded,
sending silk everywhere.

e These theories were sadly incorrect: silk comes from the cocoons of
silkworms and can be harvested by simply taking the cocoons off a white
mulberry tree, but if you want to produce it on a larger scale you’ll want to
farm the silkworms yourself. Section 10.8.4 has complete instructions.




7.27: WHITE WILLOW

v

ORIGIN

Europe and Asia

USES

e The leaves and bark contain salicin, which metabolizes into salicylic acid
in the body when eaten. Salicylic acid is the primary ingredient in aspirin,
which is one of the most commonly used drugs in the world, and one you’ll
want to have access to.

¢ You can use willow to make baskets, fishing nets, fences, and walls.
Humans have been using willow to make things for a really long time:
willow nets date back to 8300 BCE!

NOTES

e Aspirin can treat the symptoms of fever, reduce inflammation, and
provide temporary pain relief.

e Like sugarcane, willow is a good source of biomass for fuel.

e Willow, like ash, is a tree that really wants to grow: so much so, in fact,
that it’s possible to cut down a willow and not kill it. This is done through
“coppicing”: a process in which you cut down the tree in winter—when it’s
dormant—but leave the stump. In spring, the tree will use the same root
system to regrow, and it can be re-harvested by undergoing coppicing again,
in two to five years. Regularly coppiced trees remain at their juvenile stage,
and therefore don’t die of old age, which makes them a renewable source of
wood fuel! Other trees can be coppiced too, but willows are particularly
well suited due to their growth speed.



7.28: WILD CABBAGE

v
ORIGIN

Mediterranean and Adriatic coasts

USES

¢ Can be selectively bred into kale, Brussels sprouts, broccoli, cauliflower,
and more. All are descended from the same ancestor, making this plant very
versatile for selective breeding!

NOTES

e (Cabbages grow readily in most climates and soil types, so they are an
easy source of calories.



7.29: YAM

v
ORIGIN

Africa, Asia

USES

¢ A starchy vegetable rich in minerals, carbohydrates, and vitamins, though
lacking in protein.

NOTES

e This is distinct from the sweet potato found in America, also called
“yams,” because humans just love being confusing.

e Many yams, especially those that haven’t been domesticated, are toxic.
The toxins are destroyed by boiling, baking, or roasting the yams, so be

sure not to eat these raw! Plus they’re better when they’re roasted; you’ve
got to try them.



Sidebar: It’s Time for Some Beer

One of the oldest naturally extant recipes (i.e., one that
reached the present via ancient Sumerian clay tablets from
around 1800 BCE, rather than being brought here by time
travelers) is a recipe for barley beer. Well, technically it’s a
hymn proclaiming the charms of one of the Sumerian gods,
Ninkasi, but it actually spends most of its time describing
how to make beer instead. It’s as if the Christian Lord’s
Prayer read:

Our Father, who art in heaven, hallowed be thy name. Thy kingdom come, thy will be
done, on Earth as it is in heaven. Give us this day our daily bread, including pizza,
which is a flatbread topped with cheese, if thy pizza be plain, and with vegetables for thy
vegetarians, or with meat, if thou hath put meat lovers amongst us, all of which can be
prepared in thy name as follows . . .

If you were in a religious society and wanted
information to be preserved and shared for as long as
possible, wrapping it in the cloak of a prayer or hymn
could easily do the trick.* Here’s an excerpt of that hymn
to Ninkasi, translated from ancient Sumerian, that contains
this ancient beer recipe:1

Your father is Enki, Lord Nidimmud,

Your mother is Ninti, the queen of the sacred lake.
Ninkasi, your father is Enki, Lord Nidimmud,
Your mother is Ninti, the queen of the sacred lake.

You are the one who handles the dough and with a big shovel,
Mixing in a pit, the bappir [a Sumerian unleavened barley
bread] with sweet aromatics,



Ninkasi, you are the one who handles the dough and with a big
shovel,
Mixing in a pit, the bappir with date-honey,

You are the one who bakes the bappir in the big oven,

Puts in order the piles of hulled grains,

Ninkasi, you are the one who bakes the bappir in the big oven,
Puts in order the piles of hulled grains,

You are the one who waters the malt set on the ground,

The noble dogs keep away even the potentates [autocratic rulers
like queens or kings],

Ninkasi, you are the one who waters the malt set on the ground,

The noble dogs keep away even the potentates,

You are the one who soaks the malt in a jar,

The waves rise, the waves fall.

Ninkasi, you are the one who soaks the malt in a jar,
The waves rise, the waves fall.

You are the one who spreads the cooked mash on large reed
mats,

Coolness overcomes,

Ninkasi, you are the one who spreads the cooked mash on large
reed mats,

Coolness overcomes,

You are the one who holds with both hands the great sweet
wort,

Brewing it with honey and wine.

Ninkasi, you are the one who holds with both hands the sweet
wort to the vessel

Brewing it with honey and wine.

The filtering vat, which makes a pleasant sound,
You place appropriately on a large collector vat.
Ninkasi, the filtering vat, which makes a pleasant sound,
You place appropriately on a large collector vat.



When you pour out the filtered beer of the collector vat,
It is like the onrush of Tigris and Euphrates.

Ninkasi, you are the one who pours out the filtered beer of the
collector vat,

It is like the onrush of Tigris and Euphrates.

—p









THE BIRDS AND THE BEES: USEFUL ANIMALS
FOR THE STRANDED TIME TRAVELER

!

That dog you just domesticated isn’t fat. He’s just . . . a little husky.

Detailed in this section are eighteen of the most useful animals on Earth,

alongside three notably horrible ones. Every animal on this list predates the
evolution of anatomically modern humans (excepting of course the animals
created by humans, such as dogs and sheep), so the good news is that any
civilization with people in it has the potential to have these animals in it too.

Before you get too excited by visions of lions plowing your fields while

giraffes keep a watchful eye on your herds, you should know that only about
forty different animals were ever fully domesticated before the invention of time
travel, and this list includes such obvious filler as goldfish, guppies, canaries,
hedgehogs, finches, and skunks: species that are generally pretty useless to
humans outside of being a reasonably adorable pet.* Unlike plant domestication
—comparatively easy—an animal candidate species for domestication must:

¢ be useful to humans in some way (food, labor, fur, companionship,
entertainment, good at dying to let us know when coal mines are filling up
with carbon monoxide, just give us something)

e breed in captivity

¢ be easily contained, or naturally stay close to humans

e reach maturity quickly

¢ tolerate if not enjoy the company of both humans and other animals of its
species

¢ be calm, docile, and not flip out when panicked

e eat food that’s found near humans or that humans can easily provide



¢ accept human presence, human captivity, and ideally human enlightened
civilization-building leadership

If even one of these criteria is absent, your domestication attempt probably
isn’t going to work, and you’ll just end up with a bunch of upset wild animals
that now know exactly where you live. However, if all criteria are present, then
you will have an animal that will accept being kept by humans, and that you can
now selectively breed. Like in plant domestication, select individual animals that
have the traits you want, encourage them to breed, and continue selecting for
your chosen traits with each new generation. That’s all it takes, and this process
of artificial selection will soon be producing animals more useful to your
purposes—whatever you decide your purposes are—than those found in the
wild.

What animal should you domesticate first? The most important thing your
civilization can have is a large, four-legged, easily tamed, easily contained, and
easily controlled vegetarian mammal, because such animals are miraculous do-
it-all sources of meat, hide, milk, fur, transit, and labor. The best example found
across all of human history* are horses: they can get you around, pull your
plows, feed you, and provide clothing and even entertainment (i.e., watching the
galloping steeds and then wagering money on the galloping steeds). If you look
around yourself and see horses or protohorses (henceforth: “horsies”), great
news: you and your civilization are playing on easy mode.* If you don’t see any
horsies, look for substitutes like camels, llamas, and alpacas. Failing that, bison,
cows, oxen, and goats don’t do everything horsies do, but they do at least
provide meat, hide, and fur, which is better than nothing.

The bad news (both for horsie lovers and temporally stranded civilization
builders) is that there are several times and locations throughout human history
during which there aren’t any horsies or their substitutes available. Two times to
watch out for in particular are:

e The Americas between 10,000 BCE and 1492 CE (i.e., after humans first
arrived and before extensive European contact)

e Australia between 46,000 BCE and 1606 CE (again, after humans first
arrived but before extensive European contact)

In both these cases, the arrival of humans corresponds with mass extinctions
—including horsies and the horsie-adjacent—which left these continents bereft



of useful pack animals until their later reintroduction from Europe.

e If you’re in the Americas between 10,000 BCE and 1492 CE, while there
are no horsies or camels, there are llamas and alpacas in South America.
In North America there are bison, but they can’t be domesticated, and
good luck trying to get one to pull a plow. You’re the worst off if you’re in
Central America during this time period, where you won’t even have
bison. The best you can do while stranded here is domesticate smaller
animals—wolves, turkeys, ducks—and try to substitute them as best you
can for the larger, more useful beasts that are available to other
civilizations elsewhere and elsewhen on the planet.

e Australia—always a special case since it evolved separately from the rest
of the world once it separated from Antarctica around 85,000,000 BCE—
is a place where marsupials* achieved dominance over other mammals,
and horsies never appeared. However, from 2,000,000 BCE until 46,000
BCE there are diprotodons available to you: these giant hippo-sized
wombats provide meat, milk, hides, can be ridden, will pull a plow, and
have been domesticated by other time travelers.!2 They go extinct when
humans arrive on the continent, and while kangaroos and emus do survive
contact with humanity, neither is well suited for transportation or for
pulling a plow. As you require humans for your civilization, your best
hope for easily building one in Australia is to be stranded around 46,000
BCE: after humans have begun arriving but before the diprotodon
disappears. Protect the diprotodon from the humans and your civilization
gets both humans and useful draft animals.

Examine the following pages to find animals native to your region. Like in
Section 7: Putting Down Roots, each species is listed alphabetically: species that
have been domesticated appear first, and those that haven’t appear after. Each
includes the area they first evolved in. Depending on your time period, you may

get lucky and find instances of these animals—of which only a few are blood

parasites—outside of their native ranges.1®




8.1: BISON (AMERICAN BUFFALO)
¢

NATIVE RANGE

North America, Europe

FIRST EVOLVED
7,500,000 BCE

DOMESTICATED
Water buffalo were domesticated in 3000 BCE (India) and 2000 BCE (China),
but American buffalo have never been domesticated.

USES
e Every part of the buffalo can be used: meat for eating, hides for clothing,
sinews for bowstrings, hooves for glue (see Section 8.9: Horses for the
recipe), and bones for fertilizer. If you’re throwing out buffalo parts, you’re
doing it wrong!

NOTES
e They can get up to speeds of around 55 km/h, so watch out.
e If you’re in North America after humans show up and there are no horses
or camels, you’ll still have buffalo. But they’ll fight you and won’t pull a
plow, so maybe just eat them.



8.2: CAMELS

v
NATIVE RANGE

The Americas, Africa

FIRST EVOLVED

50,000,000 BCE (rabbit-sized camel ancestor in North America)
35,000,000 BCE (goat-sized ancestor)

20,000,000 BCE (camel-sized ancestor)

4,000,000 BCE (modern camels)

DOMESTICATED
3000 BCE

USES

e Like cows, camels are a good source of milk, meat, hides, and labor. Plus
their dung is dry enough that you can burn it for fuel.

e You can live on camel milk alone for about a month! We wouldn’t
recommend it, but it is an option if things are going that way.

e Two-hump camels are easy to ride: put the saddle between the humps.
But what about one-hump camels? Humans messed around with saddles in
front of and behind the hump before realizing around 200 BCE that
building a wooden frame around it and putting the saddle on top of that
worked best.

e Camels will tolerate saltier food and water than sheep or cows.

NOTES

e While mostly associated with Arabian deserts today, camels actually
evolved in the New World, crossing over to Asia on a land bridge that
existed around 4,000,000 BCE. Camels—along with horses, mammoths,
mastodons, sloths, and saber-toothed cats—went extinct in the Americas
around 10,000 BCE, shortly after humans showed up. This is a coincidence
that has absolutely nothing to do with how extremely delicious these

animals are.lZ



e Camels have a wobbly gait but can carry more than horses, and can go in
places horses can’t. They’re also larger than horses, big enough to spook
them in battle!



8.3: CATS

v
NATIVE RANGE

Eurasia

FIRST EVOLVED
15,000,000 BCE (last common ancestor with tigers and lions)
7,000,000 BCE (earliest cat-sized wildcats)

DOMESTICATED
7500 BCE (if cats can be said to be domesticated)

USES

e (Cats are useful for killing vermin (mice, rats) but beyond that provide
very little use to humans, except companionship, and even then only
according to their capricious whims.

e (Cats can be considered to be only “semi-domesticated”: domestication
usually involves changes between domesticated and wild specimens, and
wild and domestic cats show very few genetic differences.

NOTES

e (ats, like dogs, may also have been self-domesticating: as soon as
humans started keeping grain around, it would attract mice and rats, which
would attract the wild cats that hunt them. As the cats provided a useful
service and asked very little in return, they could enter the fabric of human
society easily.

¢ During the Black Death in Europe (1346-1353 CE, 50 percent of the
human population there died, stay away if you can) cats were thought to
carry the disease, and they were slaughtered en masse in an attempt to end
the plague. Ironically, fleas carried on rats were one of the major disease
vectors, and with no cats, the rat population exploded. Again: stay the heck
away from Europe from 1346 to 1353 CE.



8.4: CHICKENS

v
NATIVE RANGE

India, Southeast Asia

FIRST EVOLVED

3,600,000 BCE (common ancestor between chickens and pheasants)

DOMESTICATED
6000 BCE

USES

e Chickens are a delicious source of both meat and eggs. Plus, they’re
omnivorous, which makes them easier to feed than cows.

e To answer your question: the egg came first, as eggs evolved in other
animals millions of years before chickens ever appeared.

e To answer your second, newly clarified question: the chicken egg also
came first. Inside the first chicken egg was a zygote carrying a mutation
that allowed it to become the first chicken. This egg, with a mutated zygote
inside, was therefore laid by a protochicken. Evolution!

¢ Aristotle wasted a lot of time pondering this problem around 350 BCE
and ended up concluding that both chickens and eggs must have always
existed as two eternal constants in the cosmos. See? These are the kinds of
conclusions you reach when you don’t know that evolution is a thing.

NOTES

o After first being domesticated around 6000 BCE in China, they reached
eastern Europe around 3000 BCE (possibly through another domestication),
the Middle East around 2000 BCE, Egypt around 1400 BCE, and western
Europe and Africa around 1000 BCE, and they were brought to the
Americas with European contact.

e Chicken eggs are an extremely versatile ingredient in cooking and
baking! The proteins in eggs solidify when cooked, which makes them very
useful as binding agents in all sorts of foods, including in the delicious
hamburgers you no doubt will one day want your civilization to produce.



Eggs are also used to add moisture, to thicken sauces, to leaven, to
emulsify, as a glaze, and as a way to purify liquids (see Section 10.2.6).




8.5: COWS

v
NATIVE RANGE

India, Turkey, Europe

FIRST EVOLVED
2,000,000 BCE (aurochs)

DOMESTICATED
8500 BCE

USES

¢ One of the most useful animals to humanity, cows can be seen as
machines that turn indigestible (to humans) materials like grasses into
delicious meat, refreshing milk, tasty proteins, and heartening fats.

e They can be used to plow fields and transport goods and people, and their
skin is a great source for leather.

e The usefulness of cattle makes them one of the oldest forms of wealth: if
you have a lot of cows, you are doing pretty okay.

NOTES

¢ [f you’re around before domestication, you won’t find any cows, but you
may find aurochs: the wild animal from which cows were domesticated
(more than once, actually). They’re bigger than cows—up to 2m tall—
better muscled, and have giant horns, making them both the largest and
most formidable animal ever domesticated. They appeared around
2,000,000 BCE in India, reached Europe around 270,000 BCE, and died out
in 1627 CE. Auroch back-breeding attempts (using selective breeding to
restore aurochs using genes remaining in current-day cows) began in the
1900s CE, but they were finally restored in 2033 using DNA sequencing
done in 2010.18



8.6: DOGS (ALSO: WOLVEYS)

v
NATIVE RANGE

EVERYWHERE (though wolves first appeared in North America and Eurasia)

FIRST EVOLVED

1,500,000 BCE (wolves and coyotes diverge from a common ancestor)
34,000 BCE (first domestication of wolves)!

DOMESTICATED
20,000 BCE (first domestication of wolves that led to modern dogs)

USES

e All dogs evolved from domesticated wolves: sure, wolves are clever and
cunning carnivores that hunt in packs and set traps to ambush their prey, but
they rarely attack humans unless rabid or starving. Plus, wolves are where
you get dogs from, so we will not hear any bad words said against wolves.

e How great are dogs? Besides being awesome pals, dogs are a great source
of labor; good for vermin control; good for hunting, herding, and livestock
guarding; and can also be used for food and pelts after they die (of natural
causes, hopefully, after a long life of being an awesome dog).

e Plus, if you point somewhere, dogs can understand your intent and look
to where you’re pointing. Wolves don’t do this, and neither do our closest
extant relatives like chimpanzees and gorillas. In some ways, domestication
has made dogs more humanlike than any other animal!

NOTES

¢ Farming will change your relationship with wolves. Until the invention of
farming, humans and wolves can be allies, working together to hunt
animals and sharing in the spoils. But after farming, wolves will attack what
had become valuable farm animals, and they become adversaries to
humans.

e Wolves/dogs were the first species domesticated (before even farming
was invented) and have actually been domesticated more than once. In
some instances dogs domesticated themselves: wolves that were gentler,



cuter, and less afraid of humans could get more food from them than those
that were vicious and kept their distance, and so there was selective

pressure on increasingly doglike wolves, until they could be accepted into
20

human society as companions.=
e An experiment began in Russia in 1959 CE, trying to breed doglike
animals from wild foxes by selectively breeding the “tamest” foxes with
each other. In four generations some were wagging their tails when humans
appeared, in six they licked human faces and wanted contact, and in ten
about 18 percent of their foxes were doglike: calm, friendly, playful,
solicitous of human touch. By twenty generations it was 35 percent, by
thirty it was 49 percent, and by 2005—Iess than 50 years after the
experiment began—100 percent of the foxes were being born tame, and the
scientists now raise money to continue their research by selling the foxes as
pets. You can do this with wolves in any time period. You can make yourself
a dog.

e Wolves enter puberty around 22 months, so in a best-case scenario with
ten generations, that’s only 220 months, or about eighteen years, to produce
a pretty decent dog. Imagine how great it’ll be to have a dog after wanting
one for eighteen years! It’ll be extremely great.



8.7: GOATS

v
NATIVE RANGE

Turkey

FIRST EVOLVED
23,000,000 BCE (common ancestor of both sheep and goats)
3,400,000 BCE (wild goat ancestor, the bezoar ibex)

DOMESTICATED
10,500 BCE

USES

e Goats are a source of meat, milk, wool, and hide, and can be used as
beasts of burden too. Like camels, their dung is dry enough to be used as
fuel.

e Goat milk is closer to human milk than cow milk is, meaning we can
extract more nutrition from it, plus it’s lower in (sometimes-challenging)
lactose. It’s also more homogenous than cow’s milk, which means it’s great
for making cheese.

e Their downy undercoat—called “cashmere”—is terrific for sweaters, but
it’s difficult to produce in large amounts.

NOTES

e Goats are actually extremely picky eaters—they often won’t eat food if
it’s dirty unless they’re starving—but they’re very curious and will try
eating basically everything.

e Goats (like all animals except humans and a few other primates) have no
sensitivity to poison ivy. Since they eat it willingly, a few grazing goats are
an easy way to get rid of this plant: just don’t pet them or drink their milk
for a few days afterward.

e The bezoar ibex is a species of wild goat, found in the mountains of
Turkey, from which all modern goats are descended.



8.8: HONEYBEES

v
NATIVE RANGE

Southeast Asia

FIRST EVOLVED

Bees: 120,000,000 BCE

First honeybees: 45,000,000 BCE
Modern honeybees: 700,000 BCE

DOMESTICATED
6000 BCE

USES

e Honeybees make honey, which, until you find other sources of sugar, is
one of the few ways to sweeten food! It’s also energy-dense and easy to
digest.

e Honey can also be used as a treatment for coughs and sore throats, and
can be used to treat wounds in a pinch.

e Honeybees also make wax, which is great for candles, seals, and
waterproofing clothing, and can be applied to tablets to make a reusable
writing surface.

e Honey lasts almost indefinitely without rotting, so it is a very easy way to
keep sugar around.

NOTES
¢ Finding wild beehives is pretty easy: just spot a foraging bee and follow
her back to her hive.
e Botulism spores can contaminate honey, which is usually no big deal, but
infants can be vulnerable to it so maybe keep your babies away from
beehives (there are several reasons for doing that, actually).
e Honey has been harvested even before humans evolved, which is no
surprise, since it is extremely delicious. Primates like chimpanzees and
gorillas use sticks to collect honey from hives.



e Honeybees went extinct in the Americas around 10,000 BCE but were
reintroduced by European colonists in 1622 CE.



8.9: HORSES

v
NATIVE RANGE

The Americas, Asia

FIRST EVOLVED

54,000,000 BCE (earliest dog-sized horses)
15,000,000 (horses big enough to ride)
5,600,000 BCE (modern horse ancestors)

DOMESTICATED
4000 BCE

USES

e One of the most useful animals to domesticate, horses provide meat,
milk, hide, hair, bone, drugs (see Section 10.9.1: Birth Control), plus are
useful in sport, transportation, war, and labor.

e The horse-drawn plow (see Section 10.2.3: Plows) greatly increases
farming efficiency and is one of the fundamental inventions you’ll want
ASAP.

e Horse hair is used to make bows for stringed instruments like violins, and
horse hooves can be boiled to produce glue, which has been used since at
least 8000 BCE.

NOTES

e The horse was the basis of long-distance communication from their
domestication all the way until the 1800s. Until the invention of the train,
the fastest speeds horses could travel at were also the fastest speeds humans
could travel at!

e Making glue is easy: when a horse dies, break up the hooves into small
pieces, boil them until they dissolve, and add some acid (the stomach acid
from the same horse is a convenient source). This will set into a hard resin,
which can be combined with hot water to produce glue when you need it!

e The earliest horses were clever, dog-sized animals that evolved in North
America around 54,000,000 BCE. So if that’s where and when you’re



trapped, while you won’t be riding any horses, you are going to have some
adorable pets.



8.10: LLAMAS/ALPACAS

v
NATIVE RANGE

South America

FIRST EVOLVED

Cousins of the camel, alpacas and llamas have a similar evolutionary history,
first appearing around 4,000,000 BCE.

DOMESTICATED
4000 BCE

USES

e [lamas and alpacas are a source of meat, milk, hides, and fiber, and can
also be used for labor.

e After (other) humans (beyond yourself) show up in the Americas around
10,000 BCE, llamas and alpacas are the only pack animal left, and then
only in South America.

NOTES
e Unlike most mammals, female llamas don’t have a reproductive cycle,
but rather ovulate on demand after mating. Nice! This makes breeding them
slightly easier!



8.11: PIGS

v
NATIVE RANGE

Europe, Asia, Africa

FIRST EVOLVED
6,000,000 BCE (early ancestors)
780,000 BCE (wild boars)

DOMESTICATED
13,000 BCE

USES

e Pigs give meat, hide, and, uniquely, toothbrushes. Pig bristles make a
great toothbrush, which is great because human teeth are baloney.

e Here is the thing about human teeth: they’re the only tissue we’ve got
that doesn’t self-regenerate. You cut your skin, it heals, but your teeth just
sit there getting covered in plaque (food particles, which are unavoidable if
you eat food, which you have to do to live) until they decay. Ridiculous!

NOTES
e Pigs were domesticated from wild boar several times, including around
13,000 BCE in the Near East, and again in China around 6600 BCE. If
you’re around before that, wild boar first evolved in the Philippines around
780,000 BCE before spreading to Eurasia and North Africa.
e Careful eating pigs: their meat contains what you can call an “unusually
high” number of parasites and pathogens, including E. coli, Salmonella,
Listeria, roundworm, tapeworm, and more. You’ll be fine; just make sure
you cook your pork all the way through!



8.12: PIGEONS

v
NATIVE RANGE

Europe, Asia

FIRST EVOLVED
231,000,000 BCE (earliest ancestors)
50,000,000 BCE (earlier ancestors that are safer to encounter)

DOMESTICATED
10,000 BCE

USES

e Originally domesticated as a food animal, they became way more useful
when we realized that they can find their way back to their home nest even
when released from an unfamiliar location up to 1000km away, making
them useful for carrying messages.

e Up to the invention of the telegraph (1816 CE) pigeons were one of the
very few methods of rapid long-distance communication available.

NOTES

e Pigeons are the first domesticated birds! They’re descended from the rock
pigeons, which, like all birds, are descended from dinosaurs: a diverse
group of animals that thousands of other temporal tourists have safely
encountered between 231,000,000 BCE and 65,000,000 BCE in their
FC3000™ personal time machine, and which you may also briefly and
much more unsafely encounter, should you be unfortunate enough to find
yourself stranded in that particular time range.



8.13: RABBITS

v
NATIVE RANGE

Asia

FIRST EVOLVED
40,000,000 BCE (early ancestors)
500,000 BCE (modern rabbit)

DOMESTICATED
400 CE

USES

e Rabbits are a convenient source of meat and fur: they’re small, pose
absolutely no threat to hunters, and reproduce rapidly: so much so that
predation is generally all that keeps their population in check, so don’t feel
too bad about hunting these defenseless, adorable fur balls.

e Rabbits don’t require much space or food, and so can also be raised in the
home for a convenient and inexpensive source of meat.

e The ease of growing and hunting rabbits may make you want to eat them
exclusively, but heads-up: rabbit flesh is super low in fat. Not getting
enough fats is fatal, which makes it possible to die of starvation while still
constantly keeping your belly full of rabbit meat. Variety in your diet: it’s
useful!

NOTES
e The earliest rabbit ancestors evolved in Asia around 40,000,000 BCE, but
the modern rabbits you’re probably familiar with (the European rabbit)
appeared around 500,000 BCE in the Iberian Peninsula, where they
remained until being introduced elsewhere by humans. These rabbits have
since been introduced to every continent except Antarctica!
¢ Introducing rabbits to new ecosystems has usually gone pretty poorly:
without natural predators, rabbits reproduce “like rabbits,” hence the
famous expression (that famous expression is “do not introduce invasive
species to new continents; what are you thinking ?”).



8.14: SHEEP

v
NATIVE RANGE

Western Asia

FIRST EVOLVED

23,000,000 BCE (common ancestor of both sheep and goats)
3,000,000 BCE (mouflon)

DOMESTICATED
8500 BCE

USES
e Sheep are a source of meat, wool, and milk (which is great for cheese, see
Section 8.7: Goats).
e Sheep were the second animal to be domesticated, after the adorable dog.
Initially they were bred for meat, until 3000 BCE, when the focus shifted to
their wool.
e Until silkworms and cotton plants started being used to make clothes,
most people wore leather and wool, so the sheep is a very convenient
animal to invent and then keep around!

NOTES

e Domestication and selective breeding produced the super-woolly sheep
you’re familiar with, so if you’re around before 8500 BCE, you won’t find
any. Instead you’ll find mouflon, the animal from which sheep are
descended. Mouflon have short reddish-brown coats, a white belly, white
legs, and giant horns.

o After first being domesticated in the Middle East, sheep spread to the
Balkans in 6000 BCE, and by 3000 BCE were spread throughout Europe.



8.15: SILKWORMS

v
NATIVE RANGE

Northern China

FIRST EVOLVED
280,000,000 BCE (first metamorphosing insects)
100,000,000 BCE (first silk-producing metamorphosing insects)?

DOMESTICATED
3000 BCE

USES
e Silkworms spin cocoons made of silk thread, which you can weave with
the instructions in Section 10.8.4. Silk’s popularity has resulted in
silkworms being one of the few insects to be domesticated!

NOTES

e Domestication didn’t work out too well for the silkworms though: those
that emerge from their cocoons do so without the ability for sustained flight,
and will not eat unless fed by humans. They live for only a few days—
during which they mate and lay eggs—before dying.



8.16: TURKEYS

v
NATIVE RANGE

North and Central America

FIRST EVOLVED
30,000,000 BCE (turkeys split from chickens and other birds)
11,000,000 BCE (earliest turkeys)

DOMESTICATED
2000 BCE (Central America)
100 BCE (North America)

USES

e Chickens aren’t native to the Americas, but turkeys are a pretty delicious
substitute.

NOTES
e Turkeys (like other birds, including chickens) can carry incredibly deadly
diseases, including flus that can mutate to affect humans. See Section 3.5
for more.



8.17: BEAVERS

v
NATIVE RANGE

Europe, North America

FIRST EVOLVED

7,500,000 BCE (common ancestor of the North American and European beaver)
2,100,000 BCE (bear-sized cousins in North America)

DOMESTICATED

Never, don't even try, their teeth never stop growing so they’re just going to chew
up all your coolest stuff.

USES

e Beavers are (a) a source of meat, (b) a source of fur, and (c) a source of
cutting down trees if you’re willing to wait and don’t particularly care about
which trees get cut down.

e Beavers excrete a substance called “castoreum” (so named because
humans once believed male beavers bit off their own testicles, castrating
themselves, which is not true and really just tells you more about the
humans who thought this than it does about the beavers) to mark their
territory, and castoreum contains salicin, which is an anti-inflammatory
agent in humans, and can also be used as an analgesic.

e Castoreum smells like vanilla, and this beaver juice was first added to
mass-produced food in the twentieth century for this very reason—usually
under the euphemism “natural flavoring.”

NOTES

o [f being trapped in the past has given you a headache, try consuming
beaver castor sacs. That’s where beaver castor comes from, and they’re in
cavities under the skin between the pelvis and tail. They’re right beside the
anal glands, so you’ll know when you’re close.

e Salicin can also be found in willow bark (Section 7.27), if you’ve got
some of those trees nearby and would rather not get beaver glands all up in
you.



e The bear-sized beavers that lived in North America died out around
10,000 BCE, the same time humans showed up.
e North American and European beavers can’t crossbreed: they’ve been

separated for so long that they now have a different number of
chromosomes. Evolution! It’s crazy!



8.18: EARTHWORMS

v
NATIVE RANGE

Worldwide (including Antarctica, before it became covered in ice)

FIRST EVOLVED
400,000,000 BCE22

DOMESTICATED

Never: we never needed to, because they already do terrific work for free.

USES

e Earthworms move by forcing themselves into crevices (baby worms can
move soil 500 times their body weight!), making them incredibly useful
animals to have if you’re farming: they aerate and mix soil, improve
drainage, and encourage plant growth. They’re a handy marker for soil
health: lots of worms usually means fertile soil that your plants will have an
easier time growing in!

e In poor soil you can expect only a few earthworms per square meter,
while in fertile soul there may be hundreds living in the same space.

e Worms work as fish bait, and can be “charmed” out of the ground by
tapping it rhythmically. Seagulls will dance on soil for this reason!

NOTES

e An adult earthworm can weigh around 10g, which can put at least 1kg of
worm biomass per square meter of fertile soil. Multiplied across the size of
a farming field, the weight of worms underground can outweigh the animals
grazing above it!

e During ice ages, glaciers scrape away topsoil and wipe out any
earthworms. In most of Canada and the northeastern United States, native
worms died out during the last ice age (from 110,000 BCE to 9700 BCE).
As worms migrate very slowly, the worms living in these areas in the
modern era are descended from non-native varieties, brought over after
European contact in 1492 CE.



8.19: LEECHES

v
NATIVE RANGE

Europe, Western Asia

FIRST EVOLVED
201,000,000 BCE

DOMESTICATED
Why would you want to?

USES

e Leeches show up as a medical treatment in 500 BCE and continue to be
used in medicine until the late 1800s. That’s way too long to be attaching
actual worms to ourselves hoping they’ll cure our diseases (they won’t)
under the theory we have “too much blood” (we don’t).

e We’re mentioning them here in case you’re around humans in this
colossal length of time during which they think putting a predatory worm
on your skin to feed off you will help cure disease. It’s unlikely to harm you
(leeches are full of parasites, but none that can survive in humans), but here
is a true fact: it’s not going to do you any favors.

NOTES

e Leeches actually made a brief comeback in medicine in the 1980s CE,
when it was found the anticoagulant in their saliva could be used in
reconstructive surgeries. However, we soon figured out which protein in
their saliva had that property and generated it synthetically, and then we
once again didn’t need leeches anymore.

e So yes, when your civilization invents plastic surgery, you may have a
brief use for leeches.



8.20: LICE

v
NATIVE RANGE

Worldwide

FIRST EVOLVED
12,100,000 BCE (hair and pubic lice, showing up when humans did)
190,000 BCE (body lice, evolving only after humans started wearing clothes)

DOMESTICATED

Again, why would you want to, what are you planning?

USES

e These parasites cover the world and were ubiquitous in human society
until at least the Middle Ages. If there are humans around, you are probably
going to have insectoid parasites sucking the blood out from your skull and
then laying eggs in your hair, or “lice.”

e Lice species are closely tied to their hosts, and there are three types of
lice that infect humans: head lice, body lice, and pubic lice. Head and pubic
lice live in hair, but body lice live on clothing.

e Lice also carry diseases like typhus, which has been responsible for
several epidemics throughout history.

¢ You know in old-timey paintings how rich Europeans would always wear
those giant fancy wigs? That’s because they shaved their heads because
their lice were so horrible. Wigs could still develop lice, but they could be
more easily sterilized in boiling water.

NOTES

e Human lice evolved at the same time humans did—humans were
breaking off from their chimpanzee ancestors at the same time their lice
were breaking off from chimpanzee-feeding ancestors—so there’s no time
period where you’ll find humans and not find lice. Sorry!

e Most rampant plague outbreaks on Earth occurred during winter. Why?
That’s when wearing the clothes of a dead person is more likely. One single
human with infected lice on his clothes could be responsible for a citywide



outbreak of plague. Do not wear the clothes of dead people unless you boil
them first, especially if they died of disease.



8.21: MOSQUITOES

v
NATIVE RANGE

Sub-Saharan Africa, now everywhere

FIRST EVOLVED
226,000,000 BCE (earliest mosquitoes)
79,000,000 BCE (modern mosquitoes)

DOMESTICATED

Please stop asking about domesticating human parasites.
Please.

USES

e Mosquitoes are a completely useless animal that also happens to carry
viruses and parasites, and can inject you with malaria while you sleep. A
flying, swarming blood ectoparasite that grows in water: terrific!

e The mosquito is one of the few animals that, if removed, would have no
lasting negative impact on the world: the activities they perform in the
ecosystem (feeding birds, some light pollination) are already performed by
other insects. The only legacy would be fewer human deaths from malaria.

NOTES

e Mosquitoes are found all over the world, in every region except
Antarctica, Iceland, and a few small islands. Oh well!

¢ They evolved before humans or even dinosaurs, so in any era in which
you have either someone to talk to or something amazing to look at / be
chased by, there’ll also be mosquitoes. Thanks, Earth!

e [f you’re in Peru, look for cinchona plants (described in Section 7.7),
which can treat the malaria spread by mosquitoes.









BASIC NUTRITION: WHAT TO EAT SO YOU
WON’T DIE FOR AT LEAST A WHILE LONGER

!

Remember back when you had to worry about the dangers of eating
too many prepackaged and processed foods? Great news: that’s
something you’ll never have to worry about again!

The story of nutrition is, yet again, one in which humanity took its sweet

time to make even basic advances. It wasn’t until 1816 CE that we realized
proteins were important, and then only by noticing that if we forced dogs to eat
nothing but sugar they still died of starvation.* In 1907 CE, four years of
experiments began in which different groups of cows were fed only one of the
many grains they’d normally eat, which finally led to the conclusion that
different foods have different nutritional content. We only started figuring out
what vitamins were in 1910 CE, and while there were food guides created by
doctors Hippocrates (around 400 BCE in Greece) and Sun Simiao (around 650
CE in China), it took until World War II (1940 CE) for most nations to introduce
food guides, created as a part of wartime rationing. Labeling foods with their
nutritional value began only at the end of the 1900s CE. And even today the food
guides from different nations actually give different nutritional advice, so what
hope do you have to eat well in the past?

Well, quite a bit, actually. While specifics differ, the central tenets of modern
dietary advice—defined by an era in which food, including less-nutritious
processed foods, is generally plentiful—have been stable for generations and
boil down to three points:

1. Don’t overeat.
2. Get some exercise already.
3. Eat foods that are better for you, like fruits and vegetables.



The first two points probably won’t be an issue for you in your current
circumstances, so let’s add some details to that “fruits and veggies” one. Your
ideal diet will have you:

e eating plenty of fruits and vegetables, because they’re usually pretty good
for you, even if they’re not as tasty as a delicious steak.

¢ eating moderate amounts of fats and oils, because they’re less good for
you, even if they are literally as delicious as a delicious steak.

e eating a variety of food, because variety ensures you have access to the
widest selection of vitamins and minerals, including the many
micronutrients that you don’t need much of but which you do need to
gobble at least occasionally.

¢ eating a moderate amount of salts and sugars, because they make food
tasty but too much is bad for you.

¢ not eating too much of any one thing, because too much of anything can
kill you (humans can even die from a water overdose, and we’re not using
gangster-style euphemisms here: drink too much water and you can die).

You’ll probably miss the taste of processed foods—seeing as they were
exactly engineered to be as delicious as possible—but you won’t miss the effects
they have on your body. Beyond that, don’t worry too much about your diet.
Your circumstances will probably enforce eating in moderation and having an
active lifestyle for the next several years at least, and it’s not like you’re going to
be eating savory handfuls of breaded and cheese-stuffed fried chicken nuggets
anytime soon.* It is worthwhile, however, to read the brief primer on vitamins
that follows, so you’ll know how to identify and correct any accidental vitamin
deficiencies that crop up, in you or in others.

Until 1910 CE, all humans knew about vitamins was that certain foods gave
you different perks: around 1500 BCE Egyptians knew that eating liver helped
you see in the dark without knowing what vitamin A was, and as early as 1400
CE Europeans with no knowledge of vitamin C picked up on how fresh food and
citrus kept you from getting scurvy. But sadly, in what can fairly be described as
“a comedy of errors, only not funny,” Europeans—who generally like to think of
themselves as being a pretty savvy lot—managed to forget and then rediscover
this fact about vitamin C at least seven more times over the next five hundred
years, including rediscoveries in 1593 CE, 1614 CE, 1707 CE, 1734 CE, 1747
CE, and 1794 CE, until the idea finally stuck in 1907.*



Vitamins are simply vital chemical compounds that humans need to live and
can’t synthesize on their own.* While they can have a large effect on your health
and wellness, you need more than just vitamins for good nutrition, which is why
even in our utopian era of rental time machines we all can’t just pop a vitamin
pill in our mouths for dinner. Specifically, you also need carbohydrates and fiber
(found in grains, fruits, and vegetables); proteins (found in beans, eggs, milk,
meat, and which contain amino acids); fats (found in meat, milk, eggs, and nuts);
and of course water. The chart on the following pages includes a complete list of
vitamins, where to get them, and what happens if you don’t get enough of them.
Please absorb and digest this information carefully.

Vitamin Where to get it What can happen if you don’t eat enough
A Liver, oranges, milk, carrots, sweet potatoes, and leafy vegetables. Night blindness, which can lead to total blindness.
B, Pork, brown rice, whole grains, nuts, seeds, liver, and eggs. Weight and appetite loss, confusion, muscle weakness,

heart problems, and involuntary eye movements.

B, Milk, bananas, green beans, mushrooms (but the few mushrooms that are  Painful red tongue; sore throat; chapped lips; oily, scaly
toxic can be really toxic, so be careful with those), almonds, dark chicken skin rashes around your genitals; and bloodshot eyes.
meat, and asparagus.

B; Meat, fish, eggs, whole grains, and mushrooms. The three D’s: diarrhea, dermatitis, and dementia. And by
“dermatitis” we mean “your skin can discolor before
peeling off.” Other symptoms include sensitivity to the
sun, aggression, confusion, and hair loss.

Bs Meat, broccoli, and avocados. A chronic feeling of pins and needles, and/or a chronic
feeling of bugs crawling under your skin.

Bg Meat, potatoes (with skin), eggs, liver, vegetables, tree nuts (i.e., basically Anemia (your blood can’t carry oxygen as well, which can
every nut except peanuts, which aren’t even technically nuts in the first make you feel confused and pass out), plus nerve damage.
place), and bananas.

B, (Raw) egg yolks, liver, peanuts, almonds, and leafy green vegetables. Your hair doesn’t grow properly, your skin doesn’t grow
properly, plus you can have abdominal pain, cramping,
diarrhea, and nausea.

By Leafy vegetables, beets, oranges, bread, cereals, lentils, and liver. Your cells don’t divide properly anymore. This
unsurprisingly causes a bunch of problems, including
fatigue, rapid breathing, and light-headedness, all of which
eventually leads to nerve damage, difficulty walking,
depression, and/or dementia.

B, Meat, poultry, fish, eggs, liver, and milk. That means if you’re vegetarian ~ All the symptoms of B, deficiency listed above, plus your
your only natural sources are milk and eggs, and if you’re vegan . . . well, spinal cord can degenerate.
maybe take a glance at what happens when you don’t get enough B, and
decide given your current circumstances that you can maybe bend the
rules a little?

C Fresh food, including oranges and other citrus fruits in particular. You get scurvy. There’s this whole giant footnote about it a
little while back. When you get scurvy, your hair curls,
you bruise easily, your wounds stop healing, your teeth get
loose, your personality changes, and then you die.

D Fish, eggs, liver, milk, and mushrooms. Rickets and soft bones, neither of which can be classified
as “good.”




Leafy green vegetables, avocados, almonds, hazelnuts, and sunflower It’s actually pretty difficult to get a vitamin E deficiency,

seeds. but if you do manage to, it causes sterility and nerve
damage!
K Broccoli, cabbage, dark leafy green vegetables (like kale, beet greens, or ~ Red spots on the skin and/or raccoonlike bruising around
spinach), egg yolks, and liver. the eyes.

Table 11: Some vitamin letters and numbers are skipped because we thought certain things were
vitamins, but then we realized they weren’t. Even as late as 1909 CE, this chart would still blow
everyone’s mind!

If that column of horrible diseases doesn’t convince you to eat your
vegetables (and livers, oddly? Livers show up here more often than you might
expect, on account of how they’re chock-full of vitamins*) then nothing will.23









COMMON HUMAN COMPLAINTS THAT CAN BE
SOLVED BY TECHNOLOGY

!

.. . technologies that you are totally going to act like you came up
with all on your own.

You are in a unique position: very few people wake up in the morning and

decide that today they want to invent civilization from scratch. Historically,
most people wake up in the morning, discover that they’re hungry or thirsty or
bored or horny, and while trying to solve those problems for themselves only end
up inventing civilization by accident, if at all.

In this section we list the most common complaints humans have had
throughout history, along with technologies you can invent that answer those
very complaints, explained from first principles. Conveniently, this also doubles
as the list of the most useful technologies you’ll need in your civilization! There
are some obvious omissions that we assume you are already familiar with,
including the wheel (because if you don’t know what that is, you have no
business rebuilding civilization from scratch*); cooking food with fire (this was
invented before even anatomically modern humans evolved, so if you can’t
figure it out there’s hopefully someone else around who can),* and French
kissing (which, if you haven’t tried yet, you should give a shot! With the right
person, it’s actually not bad).

Technologies are grouped by the human complaints they address, which
allows you to peruse conceptually adjacent inventions. If there’s something in
particular you’d like to invent first, refer to the technology tree found in
Appendix A: it illustrates which prerequisite technologies are required to unlock
all the coolest stuff quickly.

Finally, all technologies in this section include a quotation that’s at least
tangentially related to the invention under consideration, credited both to



whoever said it first in your new timeline (you), and to whoever said it first in
our original and unaltered timeline. Feel free to plagiarize these ideas, taking all
the credit for them when you pepper your speech with these “bons mots.” It’s
like you (are soon to) always say: Quotation is a serviceable substitute for wit.*






10.1
“'M THIRSTY”

Water can be found over most of the planet, but it’s not all safe to drink.

Charcoal can solve that by giving you a way to filter water, but it also has
many other purposes: so many, in fact, that it’s easily the most useful substance
you can make out of some wood and a hole in the ground. But charcoal won’t
turn saltwater into drinkable fresh water. For that, you need the technology of
distillation. Besides desalinating seawater, distillation has uses in everything
from civilization-building chemistry to purifying alcohol, which should put it
right near the top of your List of Food-Adjacent Technologies to Invent Right
Away.

Please feel free to mentally compose just such a list while reading the

following section.



10.1.1: CHARCOAL

v
Our spread over the earth was fueled by reducing the higher species of
vegetation to charcoal, by incessantly burning whatever would burn.
—You (also, W. G. Sebald)
WHAT IT IS

A lighter, more compact, and more useful form of wood that burns hot enough to
forge steel.* Besides unlocking cool metals, charcoal binds substances to its
surface, which makes it great at filtering water and gases and mitigating any
poisons you’ve swallowed. And if you’re into writing or painting, charcoal
makes a great pigment there too!

BEFORE IT WAS INVENTED

You couldn’t melt glass or smelt cool metals, because your fires wouldn’t get hot
enough, which meant civilizations were restricted to a small subset of less-useful
materials. Also, good luck enjoying water with the unwanted sediment, tastes,
and odors filtered from it, because that’s not happening!

ORIGINALLY INVENTED
30,000 BCE (used for cave drawings)
3500 BCE (used for fuel)

PREREQUISITES

wood

HOW TO INVENT

Fire is a reaction requiring three ingredients: fuel, heat, and oxygen.* Put any
fuel (wood, say) in an area with an abundance of heat and oxygen, and you’ll get
fire. But if you put your wood somewhere where there’s plenty of heat but
minimal oxygen, then instead of fire, a different reaction takes place. It’s called
“dry distillation,” and while less entertaining than watching the world burn, it’s
arguably more useful!



In dry distillation, the moisture and impurities in the wood get evaporated
away without the wood burning, leaving behind a purer version of your fuel:
purified lumps of carbon.* That’s your charcoal! You might find some charcoal
produced accidentally in the remains of a fire (which is where it was harvested
from back in 30,000 BCE when it was used for drawing on walls), but if you
read how useful it is at the start of this section, you’ll probably want to produce
it deliberately.

Since you’re on Earth (a place where, in any time period in which you’ve
survived long enough to read this far without suffocating, there is an abundance
of oxygen), controlling your fire’s access to oxygen is the trick. You need
enough air to keep your fire going and transform whatever wood that isn’t
burned as fuel into charcoal, but not so much air that your fire spreads and
consumes not only your wood but all your newly created charcoal as well.

One of the easiest ways to make charcoal in the modern era is to simply start
a fire inside a steel container with an adjustable aperture, so only a small amount
of oxygen is allowed in. Some wood gets burned as fuel, and the rest gets turned
into charcoal. Easy, right? But if you need steel to make charcoal, and charcoal
to make steel, you’ve stumbled across a chicken-and-egg problem.* No worries:
we’re going to sidestep it entirely by producing charcoal from first principles,
using nothing more than wood, fire, leaves, and dirt.

The slacker way to produce a small amount of less-pure charcoal is to
simply dig a hole and start a wood fire inside it. When the wood’s burning
steadily, put on some more wood (this’ll be what hopefully turns to charcoal),
then add a 20cm-deep layer of leaves, followed by 20cm of soil. The fire will
smolder underground, and two days later you can dig up your reward. But you’re
going to need more charcoal than this “dig a hole and come back later”
technique can provide. You’re going to need a specialized kiln, a single-use
charcoal-producing machine.

First, gather a bunch of wood logs, stripped of branches and leaves and
ideally already well dried in the sun. Use hardwood if you’re looking for fuel
charcoal (it burns hotter) and softwood if you want to filter water (it’s more
porous, which allows it to absorb more impurities).* Take a 2m-long pole and
mount it in the ground—this will be the center of your pile. Using smaller logs—
about 10cm in diameter—crisscross them on the ground to make a grid, and
extend this grid of logs out until you’ve got a flat and roughly circular area about
4m in diameter around your log. This is your platform.



On your platform, place the wood that’s to be turned into charcoal, packed
as densely as possible. Longer pieces (up to 2m long) can be placed vertically,
leaning against your central pole, with smaller pieces leaning vertically against
them. Your goal is to construct a roughly circular mound, rising about 1.5m tall
and filled as efficiently as possible with wood, with your 2m-tall post poking out
of the middle. Once you’ve got your wood pile, seal it by covering it in a layer
of straw or leaves and then adding sand, soil, sod, turf, clay, or other surface
materials on top, building a 10-to-20cm layer of this sealant. Don’t forget to
leave several air holes at the base of the mound: these are areas you can seal or
unseal during burning to control the fire within those particular sections of your
pile.

When you’re ready to burn, climb up your pile and pull up your central 2m-
tall post. The empty space it leaves behind is your chimney.* Dump already-
burning wood or hot ashes into your chimney to ignite the pile. When you see
white smoke coming out, your fire has started to burn. Over the next several
days the smoke will turn blue, then finally clear. During burning, feel the
exterior of your pile and open your vents if areas seem too cool, while closing
them if areas seem too hot: you should never see red burning through any of
them. You’re trying to get an even burn throughout the pile. Fill any cracks that
form in your pile’s sealant layer to keep it intact.

When is your burn finished? This depends on your wood, its moisture, the
size of your pile, and how fast your burn has proceeded. Knowing the right
moment is as much an art as it is a science, and it might take you a few tries. If
you call it too soon, you’ll make less charcoal than you could’ve otherwise, but
if you wait too long, your charcoal will be consumed and turn to ash. When
you’ve decided your burn is done, seal up the vents and the chimney, cutting off
all oxygen inside the mound to extinguish the fire. Let the mound cool. A few
days later you can open it—with water nearby to put out any fires that start once
oxygen rushes back in—and harvest your charcoal. If you called it correctly, you
can expect about a 50 percent yield of charcoal (10 parts wood will give you 5
parts charcoal, by volume), but with practice and skill these yields can be easily
increased from 10:5 to 10:6, and can even reach 10:8 with an exceptional fire
manager.*

If this sounds like a lot of work, that’s because it is! Managing these fires is
easily a full-time job, and when your civilization allows for this level of
specialization, you’ll want to have people to devote their professional lives to it.
If you want charcoal on the regular and already invented bricks (Section 10.4.2)




and mortar (Section 10.10.1), you can make a permanent version of your giant
single-use kiln by using bricks instead of leaves and dirt, and leaving “doors” for
access that can be (temporarily) bricked up and sealed when burning.

When dry-heating wood, the sticky resin and pitch contained within the
wood will separate out, forming tar. Tar’s great! It’s sticky and water-repellant,
making it useful as both an adhesive and a sealant, and it’s particularly suited to
sealing boats (Section 10.12.5) and roofs against leaks and rotting. You’ll
probably want to build a different sort of kiln to generate and collect tar:
something with a sloping floor that leads to an outlet to make collection easy.
Not all woods have much resin in them, and trees that produce sap are best. Pine
trees work great to make sealant tars, and birch-bark tar was used around 4000
BCE to make chewing gum. Tars also contain antiseptic compounds called
“phenols” that make them a convenient sticky bandage for animal hooves and
horns.

A final word of warning: once the technology to turn wood into charcoal is
well known, the usefulness of the charcoal can induce people to cut down trees
like crazy, which leads to large-scale deforestation. This happened in Europe in
the 1500s CE, where a lack of trees in turn induced people to exploit harder-to-
harvest but less scarce sources of fuel, like coal.*




10.1.2: DISTILLATION

Civilization begins with distillation.
—You (also, William Faulkner)

WHATIT IS

A way to purify or concentrate something made of two or more liquids by
heating and cooling it, taking advantage of the fact that different liquids have
different boiling points

BEFORE IT WAS INVENTED

It was impossible to turn a liquid into a more pure version of itself: a process that
is actually extremely useful, and not just for turning alcohol into more powerful
alcohol. It can also be used for desalination (i.e., turning seawater into something
safe to drink) and is critical in the isolation of chemicals, many of which you’ll
require very soon.

ORIGINALLY INVENTED

100 CE (as part of alchemy, which is when humans thought they could purify
baser metals like lead into higher metals like gold, and maybe also become
immortal and cure all diseases. This was doomed for several reasons, not the
least of which were: lead and gold are different elements and not pure and
impure versions of the same substance; immortality isn’t possible when you’ve
got only our flawed, aging, and failing bodies to build off of; and diseases are
caused by a variety of environmental, genetic, and mental sources that no one
cure could possibly address. While humans spent four millennia on three
continents trying to get alchemy to work in what can only be described as “a
staggering waste of human ingenuity, life, and effort from which almost*
nothing useful was gained except distillation, and even that took a thousand
years before anyone thought to apply it to drinks,” you can do far better by
simply not wasting your time.)

1100 CE (for delicious beverages)

PREREQUISITES



fire, wood or metal to make a barrel, metal bowls (see Section 10.4.2: Kilns
Smelters, and Forges), and something to distill; alcohol (Section 10.2.5) is a
good place to start

HOW TO INVENT

We said you need a barrel, but really you want to remove the top and bottom
from your barrel, so it’s just a tube. Put the liquid you’re interested in distilling
in a bowl—ideally as wide as your barrel—which will be placed over a fire. Put
your barrel on the bowl. Now at the top of the barrel, put another bowl, which
you’ll fill with cold water. As your liquid in the bottom bowl boils, the vapor
will travel up, hit the bottom of the cold bowl, and condense, just like water does
on the glass of a cold drink. All you need now is to add a smaller third bowl—to
catch the condensed liquid that drips from the top bowl—which ideally will feed
that liquid out of the barrel through a hole (this saves you from having to open
up your barrel to remove the condensation every few minutes before it
evaporates again). That’s distillation! What you’re doing is capturing steam,
turning it back into liquid, and removing the liquid from the heat. And the barrel
is optional—it’s used to prevent steam from escaping and therefore increase the
efficiency of your distillation—but really all you need are three bowls: a hot one
to boil liquid in, a cold one to cool down your steam, and a regular one to catch
the condensed steam and remove it.
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Figure 13: An illustrative schematic, distilled down to its core elements.

Distillation works because different liquids have different boiling points, and
the vapor from boiling a mixture of liquids will have a different ratio of its
constituent parts than the liquid it came from: it’ll contain more of the liquid that
has a lower boiling point.* By distilling repeatedly, you can produce a
progressively more pure version of the liquid with the lower boiling point!

If you’re in a cold area, you can distill liquids without even needing fire!
This process is called “freeze distillation,” and it’s really simple: you just leave
your mixture of liquids out in the cold until it begins to freeze. The liquids that
freeze first have the highest freezing points, and by removing their ice as it
forms, you concentrate everything else in what’s left.*

Both regular and freeze distillation will separate saltwater into drinkable
fresh water (which is good for staying alive) and salt (which is good for both
flavoring and conserving foods: see Section 10.2.6). They’re also useful in




distilling alcohols (Section 10.2.5), making them the best way to correct an
absence of absinthe.







10.2
“'M HUNGRY”

When stranded in the past, one of your first priorities will be finding food.

Hunting and gathering will help you survive in the short term, but as we
saw in Section 5, farming is key to producing the food that helps ensure your
civilization survives in the long term.

While there are technologies in this section that make farming easier
(horseshoes, harnesses, and plows), there are also several that allow you to
transform the things you farm, like grain, into things that last longer (preserved
foods), taste better (bread), or are more fun to consume with friends (beer).
Finally, salt production not only makes food taste better but is necessary to
keep both you and your animals alive. Knowing how to cheaply produce it will
change your civilization forever.

Enjoy satisfying your hunger with the help of these tasty technologies!




10.2.1: HORSESHOES

v

They went into my closets looking for skeletons, but thank God, all they found
were shoes, beautiful shoes.
—You (also, Imelda Marcos)

WHAT THEY ARE

A way to make nature’s most useful animal even better

BEFORE THEY WERE INVENTED

Horses would need to take time off for their hooves to regrow, plus it meant that
humans hadn’t helped any other animals wear shoes, which honestly seems like
one of our most adorable achievements

ORIGINALLY INVENTED
400 BCE (horseboots)

100 CE (metal-bottomed horseboots)
900 CE (nailed horseshoes)

PREREQUISITES

rawhide or leather (for horseboots), metalworking (for horseshoes)

HOW TO INVENT

Horses’ hooves are made of keratin—just like human nails—but unlike us, if
their hooves become too worn down, they won’t be able to walk. This isn’t a
problem in the wild, but in a domesticated setting—where horses work on
different terrains from what they evolved on, carry many more people and loads
of cargo on their backs, and pull farmers’ plows, carts, and even chariots around
—horse hooves face increased wear and tear. The solution is to protect them
with shoes! The earliest horseshoes were more accurately called “horseboots™:
leather or rawhide wrapped around the feet. These evolved into metal-bottom
boots around 100 CE, and into bronze or iron shoes that were nailed* directly
into the horse’s hoof—there are no nerve endings in keratin, so the horses don’t
feel anything—a few hundred years later. Nails are hammered in from the



bottom of the hoof up out the top, where they’re bent back so they lie flush with
the hoof. This holds the shoe in place while also preventing the nails from
catching on anything. You want to nail at the edges: go in too deep and you will
cut the quick, which does cause pain and will prevent a horse from walking until
it heals.

Figure 14: A free-range horseshoe, and one attached to a horse.

Horse hooves never stop growing for as long as the horse lives. In a sense,
horseshoes do their job too well, because any horse that wears shoes must have
them removed every six weeks or so, so that their nails can be filed back down
to an appropriate size before their shoes are reattached. If you have a lot of
horses, this can become a full-time job—early on it’s usually the blacksmith who
specializes in both producing the iron shoes and attaching them, but when you
reach a level of specialization where it’s a separate vocation, that job is called
“farrier.” Farriers sometimes have their own furnaces so that they can heat their
shoes, bending them for a better fit! Hey, remember when we talked earlier about
how calorie surpluses would allow for all sorts of productive specialization? We
weren't lying.



10.2.2: HARNESSES

Horses make a landscape look more beautiful.
—You (also, Alice Walker)

WHAT THEY ARE

A way to attach a load to animals, so animals can do work for you instead of you
having to do it yourself with your puny human body

BEFORE THEY WERE INVENTED

People had to pull things with their human bodies, which we already established
are extremely puny

ORIGINALLY INVENTED
4000 BCE (yokes)

3000 BCE (throat-and-girth harness)
400 CE (collar harness)

PREREQUISITES

wood, cloth, rope, or leather

HOW TO INVENT

Harnesses seem like a simple invention: tie a rope around your animal, ideally
around its shoulders, and it’ll pull your load, right? For oxen—dense, sturdy
animals with heads positioned beneath their shoulders—it really is that easy. The
best oxen harnesses are called “yokes,” and they’re made from wood. To have
two oxen work side by side, lay a beam of wood on their necks in front of their
shoulders, and strap it loosely in place: this will keep the animals aligned, and
you can attach your load to the beam at the midpoint between the two animals.
Put cloth between the wood and animal for comfort, and you’re done! With just
one 0x, you can attach a curved piece of wood directly in front of the horns, and
attach your load at the side—oxen “head yoked” can’t pull as hard, but two oxen
can also be head yoked individually, then held together with another rope.

But horses are trickier.



The most obvious way to harness a horse—a loop around the base of the
neck connected to a loop around the chest to hold it in place—may seem like it’ll
do the job, but it’s actually one of the worst ways you can harness these animals!
This throat-and-girth harness lets a horse pull something, but as it pulls, the
straps cut into the horse’s windpipe, carotid arteries, and jugular veins, all at the
same time. Any horse harnessed this way is clearly not going to be working at
peak horse efficiency. To get them there, and to reap the benefits of not
accidentally choking your horses all the time, you’ll want to invent the collar
harness.

A collar harness is simply a padded piece of wood or metal that fits around
the base of the horse’s neck, with points to attach the load near the bottom, on
either side of the horse. This distributes the force of the load away from the neck
and onto the shoulders. Instead of just pulling the load with its front, the horse
can fully engage its rear end to also push against it. This (finally!) allows the
horse to exert its full strength against a load, and your horses will go from being
(accidentally) artificially constrained to operating at full efficiency, simply by
changing the way they’re harnessed.

This will be revolutionary. Wherever horses with collar harnesses appear,
they quickly replace oxen: freed from the physical penalty of an inferior harness,
a horse can do the work of an ox in half the time, with greater stamina. The
increased power of a horse (or “horsepower,” if you will*) allows not only more
fields to be plowed in a day but for harder fields to be plowed, transforming
previously unproductive terrain into productive farmland. Assuming you have
horses, the simple invention of the collar harness is enough to greatly increase
your farming efficiency, and therefore also the size of the population your
civilization can sustain. Humans took more than three thousand years to figure
out this simple piece of wood that would finally let their draft animals and
civilization reach their full potential.

You did it in a paragraph.



DOUBLE YOKRE
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THROAT-AND-GIRTH COLLAR HARNESS
HARNESS (BEST HARNESS,

(BAD HARNESS, DO NOT USE) DEFINITELY USE)

Figure 15: Yokes and harnesses.



10.2.3: PLOWS

It never rains roses; when we want more roses, we must plant more trees.
—You (also, George Eliot)

WHAT THEY ARE

One of the biggest agricultural inventions in history: a more efficient way to cut
the surface of the Earth open so you can plant seeds inside it

BEFORE THEY WERE INVENTED

The only way to move large amounts of soil was through your own power,
which sucks, don’t try it, it sucks so bad. A lack of plows limits how much land
your civilization can farm, which limits how much food it can produce, which
limits how many valuable human brains it can support, and as we already
established, human brains are your greatest resource.

ORIGINALLY INVENTED

6000 BCE (ards)

1500 BCE (Babylonian invention of seed drills)
1000 BCE (plowshares)

500 BCE (iron plowshares)

200 BCE (Chinese reinvention of seed drills)
1566 CE (European reinvention of seed drills)

PREREQUISITES

draft animals (to pull them); harnesses (to attach the animals to them); wood, or
metal if you want better plows; wheelbarrows (optional, for a seed drill)

HOW TO INVENT

You can’t control the weather (yet*) and you can’t control the sun (again, give it
time*) but you can at least influence your soil. You probably remember several
farming tools that you can invent easily: a hoe is just a wedge on a stick used to
break up topsoil, a pointy stick can be shoved into the ground to make holes for
seeds, and if you put a blade on the edge of a long stick and swing it, you just



invented a harvesting scythe. But these are all tools designed for human use, and
while human bodies are great at many things (carrying human brains around,
surviving temporal displacement, carrying human brains around while surviving
temporal displacement), they stink at manual labor. A plow is a tool that allows*
animals—with their stronger, more useful, more reliable bodies—to help with
the work. Plows also give you access to harder soils that humans alone couldn’t
reliably till, and more farmland means more calories, which means more people
who can live in and contribute to your civilization.

The earliest plows were called “ards” and were an adaptation of that “pointy
stick for seeds” you were inventing a paragraph ago: by dragging them across
the soil—preferably under animal power, but humans can drag them too—you
create long shallow trenches, or “furrows,” for planting. This is better than
nothing but only scratches the surface of the soil, and doesn’t prevent weeds
from growing around your track. What you want is a way to reset your soil,
making it weed-free and primed for whatever you decide to plant. And you do
that by cutting your top layer of soil up into slices, lifting it, and flipping it over.

This makes your topsoil less dense, which is both easier for plants and
microbes to grow in and for water to penetrate. All good features! Flipping it
over also cuts off weeds from their roots, covers them in dirt, and denies them
sunlight—and once that kills them, it recycles their decaying bodies as fertilizer.
Put some manure on top before you plow for extra fertilizer and it’ll get worked
right into the soil! The only problem is this flipping takes a lot of very hard
manual labor, so instead of doing that, let’s invent the moldboard plow.

The moldboard plow has a vertical cutting blade called a “coulter” (which
can be made of wood but will work better and last longer if it’s made from iron)
that cuts down into the soil. Behind your coulter is a horizontal blade (called a
“share” or “plowshare,” which it turns out are those things hippies were always
encouraging you to hammer your swords into), which cuts the soil horizontally,
coming in from the furrow from your previous cut. This strip of land you’ve cut
is then raised and flipped over on its side using a moldboard, which is just a
curved wedge that you can make out of wood. The board molds the soil as the
plow is drawn forward, which is a handy way to remember this plow’s name.
Add a wheel of adjustable height to help control the depth of your cut, and
you’re in business:
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Figure 16: A plow and moldboard.

All you need to do is attach this behind an appropriate animal (as seen in
Section 8: The Birds and the Bees) with an appropriate harness (Section 10.2.2).
Moldboard plows cut the soil more efficiently than other plows, but they don’t
turn easily, so you’ll want long, rectangular fields. They were invented in China,
and Europeans started using them only when they were imported from there
thousands of years later. The new efficiency these plows brought caused
European agricultural productivity to explode, and the centuries that countless
Europeans spent struggling with their inefficient, exhausting, and inferior plows
—mnever once coming up with China’s moldboard improvements—have been

described as humanity’s single greatest waste of time and energy.2*

q CIVILIZATION PRO TIP: You're already doing way
better than the Europeans ever did.

Moldboard plowing isn’t without its downsides. Go too deep and you can
destroy root structures so completely that your topsoil can blow away; do it too
often and you can compact the soil beneath your topsoil, resulting in a heavy



“hardpan” that water can’t penetrate, which then floods your fields. Crop
rotation that lets fields rest can help mitigate both of these issues, and keeping
soil fertilized with manure will encourage earthworms, which break up hardpan.
You can also remove your plow’s moldboard and replace your plowshare with a
chisel. This new kind of plow (called a “chisel plow”) won’t flip over your soil,
but it will aerate it!

After a field is plowed you’ll want to smooth out your soil and break up any
large clods, and for this you can use a harrow. A harrow is to the rake what a
plow is to the hoe: it’s a bigger version that an animal can pull instead of you.
You can build one by making a large shape (triangles work well) supported by
spikes, and dragging that across the ground—if you’re in a pinch, even a large
tree branch pulled by your draft animals can do the work.

Finally, you need to seed your land. You can just throw seeds over your soil
and hope for the best, but you’ll get better yields if you plant your seeds more
carefully, with a set distance between each plant. This gives each seed the best
chance to grow—and if you cover them in soil, you’ll help protect them from
being eaten by birds. To do this you’ll want a seed drill, and you build one by
filling a wheelbarrow with seed and adding a hole at the bottom.* Between the
seed and the hole you add paddles that get rotated by the turning of your
wheelbarrow’s wheel—or through gears (Appendix H) attached to that wheel, if
you’d like to adjust its speed. This way, as the wheelbarrow is pushed forward, a
few seeds get the chance to come out too. Run an ard over your nicely plowed
and harrowed field to make a furrow, then run your modified wheelbarrow over
the same path. You can even attach some plates behind your wheelbarrow to
push that furrow back together again, burying your seeds as you pass, which
helps more plants grow from fewer seeds.

Follow these instructions, and the agricultural part of your civilization will
have all the possible advantages you can give it, and we’d gladly bet the
farm . . . on you.



10.2.4: PRESERVED FOODS

One cannot think well, love well, sleep well, if one has not dined well.
—You (also, Virginia Woolf)

WHAT THEY ARE

Preservation is a way to make food last for years or decades instead of a just few
days (with meats) or weeks (with most vegetables). With preserved foods you
can build up a buffer of food, which transforms any drought, animal plague, or
crop failure from a civilization-ending catastrophe in which the living envy the
dead into a minor inconvenience, soon forgotten!

BEFORE THEY WERE INVENTED

Food went bad really quickly, which trapped humans in precarious cycles of
feast or famine, never more than a few weeks—the approximate life span of
unpreserved food—away from starvation

ORIGINALLY INVENTED

12,000 BCE (drying foods)

2000 BCE (pickling)

1810 CE (canning)

1117 CE (China), 1864 CE (Europe) (pasteurization)

PREREQUISITES

none (drying, smoking, freezing, burying, fermentation), salt (salting), sugar
(sugaring), bowls (pasteurization, boiling), metalworking or glass (pickling,
canning), vinegar (optional for pickling), thermometers (pasteurization)

HOW TO INVENT

Food you want to eat eventually becomes food you don’t want to eat because
other plants and animals have started eating it too. We call this process “decay,”
“rotting,” or “dinner goin’ nasty,” and while it’s a natural part of life, it’s also
unappetizing and toxic. You’ll want to delay it for as long as possible. Here is
your secret weapon: all life on Earth—including the microbes that cause food



spoilage—requires water to survive, and even with water, most can only live
within certain temperature and acidity ranges. Once you know that (which you
do now, because we just told you), you’ll realize you can protect food from other
life—thereby preserving it—by pushing one or more of these variables to such
an extreme that life can no longer survive on your food. You don’t have to limit
yourself to a single preservation technique either. Foods can be both dried and
salted, smoked and frozen, pickled and canned, and so on. Sometimes it’s even
delicious!

Drying is super simple, which is why it was invented so early. Dehydrating
foods inhibits bacteria, yeasts, and molds, and you’ll get the best results by
cutting your food into thin strips (which maximizes their surface area) and
exposing them to something that dries them out, like sun or wind. Smoking
works similarly but also adds delicious flavors (and carcinogenic polycyclic
aromatic hydrocarbons, so maybe use it as a sometimes treat), and was
discovered when humans started drying meats in fire-heated caves.22
Woodsmoke contains organic acids that make smoked foods slightly more
acidic, which also helps preservation.

Both salt and sugar draw moisture out of food, so covering your food in salt
and sugar will preserve it while also inhibiting the growth of a bunch of bacteria
you don’t want, like Salmonella and botulism.* Many salted meats end up
tasting extremely delicious, and if you salt the back and belly meat of a pig,
great news: you have just invented bacon.*

Freezing works for preserving food because it turns the water inside food
into ice, which slows both bacteria growth and any chemical reactions in the
food that contribute to decay. Initially freezing will require a climate that at least
occasionally gets cold enough to produce ice, but once you have it, you can
make that ice last for a long time. The first refrigerator—a portable container for
transporting butter—was invented in 1802 CE, but you can invent it right now: it
was just a hollow square box put in a larger oval box, with the area between the
oval and the square packed with ice, and the whole thing wrapped in furs and
straw to insulate it. Replace the ice when it melts and you can keep food cool
indefinitely. Of course, for that you’ll need ice during the warm months, but
that’s easy: cut ice from lakes in winter, and preserve it over summer in a cave, a
shaded straw-covered pit, or, if you’re feeling more ambitious, in an insulated
icehouse. If you don’t have any ice at all, burying food can still slow down decay
by providing cooler temperatures, and if the soil is dry enough, sand can dry
your food too.



Boiling any liquid food—including water—Xkills microbes in it, making it
safer to eat. If you can then prevent any new microbes from colonizing it—
usually by sealing it in a can while still hot—the food inside will last much
longer. If your food isn’t liquid, heating it still kills microbes, which is why
cooked meat lasts longer than raw meat.

Canning was invented in 1810 CE—originally by sealing food in glass jars
with cork and wax, and later on with tin cans—but there’s nothing preventing the
invention of this technology as early as 3500 BCE, when wax was being
harvested from bees and glass was being created in kilns,* or even earlier if you
decide to invent kilns and glass ahead of schedule. If your cans are strong
enough, you can even heat your food after you’ve canned it—this technique is
called “pressure canning”—which allows the food inside to reach temperatures
even higher than its usual boiling point. Botulism spores—which are basically
everywhere worldwide but activate only in oxygen-poor environments like
inside canned food—are killed by the higher temperatures of pressure canning: 3
minutes at 121°C usually does the trick. Pressure canning is the safest way to
store food that isn’t already pickled, but when it goes poorly can result in
explosive food, so be careful with it.

Speaking of pickles: if you thought maybe it’d be nice if your foods started
preserving themselves inside their jars rather than you having to do all that
preservation work before: congrats, you just invented pickling. Pickling involves
fermenting your food in brine (which is just salt and water mixed together). Cut
up your food, submerge it in brine, and put a (clean) plate, board, or rock on top
of your food pieces so they can’t reach the surface. In the oxygen-free brine your
vegetables will ferment: a process in which “good” bacteria feed on sugars in
your food, producing vinegars that make them sour but also less vulnerable to
“bad” bacteria that cause them to spoil.* After one to four weeks your food will
be pickled, and can then be canned for longer storage.

Submerging foods in brine isn’t just for pickles: you can preserve many
foods this way, including butters, cheeses, and meats. A quick heads-up: brine-
preserved foods are often soaked again in fresh water before they’re eaten,
simply to leach out some of the salt they’ve absorbed to make them edible again.
How do you know when your brine is salty enough for preservation? If you’re
starting with fresh water, anywhere from 0.8 to 1.5 times your food’s weight in
salt should give you a salty enough brine.

If you have a surplus of vinegar, you can use that to preserve foods directly
(see Section 10.2.5). Cheese is really just preserved milk, and you can make it by




introducing vinegar (around 120mL of it) to 1L of boiling milk.* The vinegar
curdles the milk, causing delicious cheese curds to separate out, leaving a
yellowy liquid called “whey” behind. Drain and press your curds (wrapping
them in fabric will do the trick there; see Section 10.8.4) and you’ll make a
cheese that won’t spoil for weeks. Salt it, or soak it in brine to preserve it, and
it’ll last even longer. By introducing specific bacteria to your cheese as it ages,
you can control its flavor: the Camembert, Brie, Roquefort, and blue cheeses you
remember were all made by introducing different strains of Penicillium mold
(Section 10.3.1) to the curds—though the strains used in cheese making in the
modern era aren’t the same as the ones used to produce penicillin.

When you were boiling your milk in that last paragraph to make cheese,
guess what? You were also inventing pasteurization! Pasteurization is a very
simple application of the “boil-to-sterilize” process: take your liquid food, heat it
up to not quite the boiling point, then cool it. That’s really all there is to it. We
say “just below the boiling point” here because milk can curdle from high
temperature alone, so you’ll want to stay just shy of it if you’re pasteurizing milk
for drinking. Without pasteurization, milk is one of the most dangerous foods to
consume—tuberculosis bacteria in particular just love to grow in it!—but when
pasteurized, milk actually becomes one of the safest. The hotter you go, the less
time you need to pasteurize your liquids, and 16 seconds at 72°C is all it takes to
pasteurize milk.

Fun fact about pasteurization: like anything involving heat, this process
actually destroys the vitamin C in foods! The introduction of pasteurized milk
sometimes coincided with outbreaks of infant scurvy until we figured that out, so
make sure the people in your civilization drinking pasteurized milk are also
eating their oranges, bell peppers, dark leafy greens, berries, and/or potatoes. See
Section 9: Basic Nutrition for more details!

A second, more ignominious, fun fact about pasteurization: it’s a technology
that both saves millions of lives and requires only fire to work, and as our
protohuman ancestors were using fire before we ever showed up, it actually
could’ve been invented by us at any point in human history! But we didn’t figure
it out until 1117 CE, and for hundreds of years after that it was used only to
preserve wine. By inventing pasteurization ahead of schedule you’ll be giving
your civilization an easy 200,000-plus-year start on basic food safety!

A final fun fact about pasteurization: this is another technology named by
the man who thought he invented it, in timeless honor of himself. Forget Mr.




Pasteur and name it after yourself, and the [Your Name Here]ization process
shall echo throughout history!



10.2.5: BREAD (AND ALSO: BEER) (ALSO:
ALCOHOL)

All sorrows are less with bread.
—You (also, Miguel de Cervantes Saavedra)

WHATIT IS

Bread is a staple food that travels well and is the foundation of many other
foods, including pizza, which is even more delicious. And the same ingredients
in bread, when turned into beer, have been used as an incentive to get people to
switch to farming! While you can find food with hunting and gathering, you
won’t find any beer: it requires reliable agriculture to produce and is therefore

one of the perks available only with civilization.2°

BEFORE IT WAS INVENTED

People just ate raw grains, and if you’ve ever eaten raw grains you’ll recognize it
as among the very worst ways to eat grains

ORIGINALLY INVENTED
30,000 BCE

PREREQUISITES

none, but having farming makes it easier; thermometers (optional, but they make
reproducing a beer you like easier); salt (to taste)

HOW TO INVENT

Bread is simple to produce: take flour (which is just pulverized grains: smash
them with a rock by hand, or grind them between two rocks using the
waterwheel you’re going to invent in Section 10.5.1), add some water, and cook
it over heat.* Ta-da! You have made bread. But the bread you just made is a
flatbread, a denser loaf. Flatbreads will let you invent veggie wraps, burritos, and
soft tacos, but at some point you’re going to want a nice loaf of leavened bread,
and for that you’ll want to put some yeast to work.




Yeast are single-celled organisms found all over the world; they’re floating
through the air you’re breathing in any period you can survive in, and you’re
going to farm some particularly suited to whatever grains you have. Here’s how:
First, blend together a mixture of your flour and water, with about twice as much
flour as water. Cover it, put it someplace warm, and check it every twelve hours.
You’ll be looking for bubbles, which are signs of fermentation: in other words,
signs some wild yeast colonized your flour mixture and is now feeding on it.
Once you’ve found fermentation, throw away half of your culture and replace
what you removed with some fresh 2:1 flour/water mixture. This gives your
remaining yeast new food, and provides evolutionary pressure on yeast that can
feed off your flour quickly. You, my friend, are selectively breeding yeast that go
crazy for whatever type of flour you’ve got on hand.

After about a week you should have yeast that reliably generates a bubbly
froth—not unlike the head of a beer—after each replenishment. Now you have a
yeast farm!* Keep this culture going for as long as you please by feeding it more
of your flour-and-water mixture every day (or once a week if you can keep it
refrigerated; see Section 10.2.4). Of course, daily feedings will soon make your
culture enormous, so you’ll remove some of your yeast before each feeding:
ideally, to be used immediately in food. By adding some yeast to your
flour/water mixture and letting it sit for a few hours before cooking, you will
produce leavened bread.

This works because the yeast you’ve selected for are bred to feed on the
sugars in your flour and water, and if there’s oxygen around, they’ll produce
carbon dioxide as waste. This carbon dioxide is trapped by the gluten in your
flour, where it causes your bread to rise. When you cook your dough, the yeast
will happily keep gorging themselves in the food utopia you’ve given them, right
up to the point where things become so hot that they all die as their entire colony
is cooked to death. Congratulations! You have used the labor of microscopic
animals to produce a more pleasant bread, then killed them the instant they were
no longer useful. Millions of these microscopic animal corpses are baked into
every slice of bread you eat.

q CIVILIZATION PRO TIP: Don’t let anyone tell you
bread is vegetarian.




If there isn’t enough oxygen around, yeast will be unable to fully break
down the sugars in your grain, and they’ll start producing alcohol as waste. Hey,
you’ve invented brewing! The same ingredients and starter culture you
developed for bread can also be used for beer, and vice versa. The difference in
brewing is that instead of cooking your yeast and grains, you ferment them. Soak
your grains in hot water to release their sugars, add your yeasts, and then sit back
and relax while they feed. In bread, the yeast have all the oxygen they require, so
they can perfectly convert sugars into carbon dioxide. But your fermenting liquid
doesn’t have oxygen in it, and under these circumstances, yeast produce two
forms of waste instead: carbon dioxide (which makes beer bubbly) and alcohol
(which makes beer popular).

Beer can quickly become a staple of your civilization’s diet. It’s got lots of
useful carbohydrates, and in modern times it’s the third most popular drink on
the planet, after water and tea. Grains low in gluten (like barley) tend to work
better than wheat for brewing, but you can brew with whatever grain is most
convenient. It’s only later in a civilization’s development that people get picky
about their beers. In the early stages you can make them happy by just saying,
“Everyone settle down, for I have just invented brewskis,” and they will reply,
“Thank you, for that automatically makes our civilization way cooler than all
others.”

Fermentation doesn’t just produce alcohol: yeasts can actually add nutrients
to your beer when fermenting, particularly those in the B-vitamin family. You
can transform grains—already pretty healthy—into an even more nutritionally
complete food, all thanks to the free labor of microscopic yeast! While you can’t
survive on beer alone (at least, not for more than a few months, before the
symptoms of scurvy and protein deficiency set in), you can at least make it a
crisp, delicious, and sociable source of vitamin B,! (Section 9 has more

information on why that’s valuable.)

One of the innovations modern brewing has brought us is germination.
That’s when you allow the grains to sprout a little before you use them.
Remember: grains are seeds, and seeds have evolved to be real good at passing
through animal digestive systems intact, because animals eating plants or fruit
and then pooping out the seeds somewhere is how lots of plants expand their
territory. Trick seeds into turning their defenses off by germinating them: soak
them in water for a few hours, then let them dry for eight, then repeat. After a
few rounds of this your seeds will attempt to sprout. This process transforms the
starches in the grain into sugars, making the grains softer, sweeter, and easier for



humans—and more to our current interests, for yeast—to digest. The more
sugars you have, the further fermentation can proceed.

After the grains have germinated you’ll want to stop them from growing, or
else all your grain’s sugars will get used up growing a stupid plant you don’t
even want. You can either pull the sprouts off each grain manually, or you can
save time by roasting your seeds over a fire and then shaking the sprouts off.
Roasting also adds flavor to your beer through the Maillard reaction,* so it’s
worth a try! The entire process is called “malting.”

There are alternatives to malting to increase the sugar content of your grains.
If you get lucky you might isolate a mold called “koji,” first discovered in China
around 300 BCE. This mold—which looks like a dark-gray spot on rice—
miraculously converts starches to sugars while also imparting a nice flavor, no
malting required. It led to the invention of several fermented foods in Asia,
including soy sauce (which is fermented soy) and sake (which is beer produced
from rice infected, and therefore sweetened, by koji). If you don’t find koji mold
and still don’t want to malt, there’s always the option of making chicha instead:
here instead of malting you chew the food in your mouth for a while before
spitting it out, relying on the enzymes in your saliva to break starches down into
sugars. If you’re willing to get a dry mouth and don’t mind other people chewing
things before you brew them, this is an ancient and viable option.

BREAD-MAKING TIPS

¢ Kneading the dough allows the gluten in the bread to rise too, which helps
give your bread a good texture.

e The water you add your yeast to works best if it’s somewhere between
room and body temperature (that is, between 20°C and 37°C): cooler
water makes bread that takes longer to rise, and water that’s too hot—
around 60°C—will kill your yeastie beasties.

e Add salt (Section 10.2.6) for flavor (this tip applies to most foods,
actually).

e Add seeds, fruit, or berries if you think you might like bread with seeds,
fruit, or berries in it.

e Try bread with butter on it: it’s great! To invent butter, just fill up a jar
one-third of the way with milk, seal it, and start shaking. This churning
will cause your milk to separate into milk solids and buttermilk. Rinse off
those milk solids, press and knead them together, add some salt to




preserve it, and you’ve got a delicious water-in-oil emulsion of spreadable
fat.

Nobody will eat your water-in-oil emulsion of spreadable fat if you call it
that, though. Just call it “butter” instead.

BEER-MAKING TIPS

Beer around 4000 BCE was drunk from a straw. These early unfiltered
beers had sludge on the bottom (mostly yeast) and floating solid matter at
the top (mostly stale bread, often added as starter). A straw was the best
way to get at the good stuff in the middle. You can filter your beer by
running it through paper (Section 10.11.1) or fabric (Section 10.8.4) to
remove the need for straws. Don’t be so hasty to filter it though: the
sludgy non-beer parts are full of nutrition too, and were often eaten after
the beer itself was gone!

Hops—the green, fragrant, pinecone-shaped flowers of the vinelike hops
plant that naturally grows in northern Europe and the Middle East—can be
added to your beer to act as a preservative and flavoring. Many people
will grow to like the taste of hoppy beers! Their opinion is incorrect, but
popular!

You can take the yeast sludge from the bottom of one brew and use it as a
starter colony for your next batch. While early brewers didn’t know what
they were doing, scientifically speaking,* they did realize that doing this
made that next round of beer taste similar and ferment faster.

You can distill your beers to produce other alcoholic beverages, like
whiskey! Distill it enough and you can produce pure alcohol. Since
alcohol kills bacteria, it’s an excellent sanitizer with tons of uses in
medicine.

If you want vinegar, just take your beer (or any sugary and unpasteurized
liquid) and leave it to ferment some more. New bacteria—ubiquitous
airborne bacteria called “acetic acid bacteria”—will colonize your booze,
feed on its alcohol, and produce (you guessed it) acetic acid. That’s what
vinegar is! You’ll end up with a sharp, acidic liquid that you can use as an
antibacterial cleaner, stain remover, or delicious pickling agent. Just like
yeast, different strains of acetic acid bacteria will produce different flavors
of vinegar, so try starting different colonies until you find one you like.




10.2.6: SALT PRODUCTION

Upon your saltworks all other products depend, for although there may be
someone who does not seek gold, there never yet was one who does not desire
salt.

—You (also, Cassiodorus)

WHATIT IS

Salt is a substance produced by reacting an acid with a base, and the only family
of rocks that humans eat! Besides being necessary for life, salts are also used in
making food taste better, adjusting the boiling and freezing points of water,
preserving food, smothering grease fires, and as an exfoliant, stain remover, and
justice enabler.*

BEFORE IT WAS INVENTED

For most of human history, salt was one of the most desired and most expensive
commodities on the planet! This despite it also being one of the most common
substances around: the oceans are full of the stuff, and there are only a few
places on the planet that don’t have salt somewhere beneath the surface. In areas
without efficient salt production salt has become one of the world’s most
expensive spices, but in the modern era it’s super cheap everywhere, so we just
dump it on our roads whenever we want them to be slightly less icy.

ORIGINALLY INVENTED

6000 BCE (harvesting salt from dry lakes)
800 BCE (boiling brine in clay pots)

450 BCE (boiling brine in iron pans)

252 BCE (brine wells)

1268 CE (salt mining)

PREREQUISITES

none (for solar flats), distillation and clay (for boiling brine in clay pots), iron
(for boiling brine in iron pans), mining (for rock salt), eggs (for cleaning brine)



HOW TO INVENT

Humans need salt to live, and a healthy adult human carries around about 250mg
of it inside their body: three saltshakers’ worth. But as that salt is constantly
being lost through popular human activities like sweating, peeing, and crying, it
needs to be replaced. If you eat meat, you’ll probably get all the salt you need
from consuming that delicious animal flesh, but if you eat only vegetables you’ll
have to find it from other sources.* The vast majority of plants on the planet are
killed by salt, and only 2 percent of all plant species can tolerate high salinity.*

Fortunately, animals have the same need for salt that humans do, which
means that anywhere you find animals, you’ll find a source of salt nearby.* In
fact, one of the easiest ways to locate a natural source of salt is to follow the
trails made by vegetable-eating animals: eventually they’ll lead either to a salt
lick (an outcropping of rock salt), brine (fresh water that by flowing over salt has
become salty), the ocean, or some other natural source of salinity.

The most common source of salt is brine: saltwater that either comes from
the ocean or from a briny lake, river, or spring. Once you have brine, you’ll want
to transform it into a more condensed and easily transportable form: solid salt.
The obvious approach is to simply boil your brine down. This is what the
Chinese were doing around 800 BCE and what the Greeks and Romans were
doing a few hundred years later, using cheap clay pots that they’d smash at the
end to get at the salts. But with all that water to boil, it’s an expensive process,
and you can expect to burn a lot of wood to keep your fires going. A less
destructive process is to do what the Chinese had figured out around 450 BCE
and use wide, flat iron pans: heat them, then scrape off the salt once the water
has boiled away.

However, if you live in a sunny area with access to saltwater (either from the
ocean or a brine spring), you can produce salt much more cheaply by letting the
sun evaporate water for you. Build shallow clay channels near the source,
introduce briny water into them, seal them off, and wait for it to evaporate; when
it does, the salt will be left on the bottom for you to collect.*

Humans around 6000 BCE were doing this with natural lakes that dried out
in summer, but it took us several thousand years until we started doing it on
purpose with artificial ponds, and it was as late as 1793 CE when we invented
covered ponds that worked even in less sunny areas. This technology isn’t hard:
it’s just a cover that goes over the ponds when it rains (to protect against
rainwater) and at night (to protect against dew), which stops fresh water from
diluting the brine.



If you’re not near the ocean, salt can be harder to come by. It can be hand-
mined from the ground if you’re near salt deposits, and while humans originally
thought those were rare, in the modern era we know there are actually many
scattered throughout the world. These are typically formed when ancient shallow
seas evaporated, leaving their salt behind, which was later covered by earth. If
you do find yourself above a huge collection of underground salt, be careful: the
salt dust in the mine air causes miners to suffer rapid dehydration, which, along
with a host of other medical issues that constant exposure to an airborne
desiccant causes, results in salt miners historically having low life expectancies.
If you’ve got pumps (see Section 10.5.4), you can use a process called “solution
mining” to extract salt instead: just send fresh water down into the salt reserves,
and when you pump it up, you’ll have saltwater you can then evaporate using
whichever method is easiest for you.

The weight of rocks above underground salt can sometimes push that salt
upward, forming a large dome of salt visible at the surface level. If you find one,
once you dig past the surface soil, these domes are terrific places to uncover
literal mountains of salt.*

Before we leave this topic, fully confident that the information we provided
in this section will allow you to leapfrog over the vast majority of human history
to the era of cheap and abundant salt you remember, we would like to quickly
mention iodine. Iodine is an element that, like salt, is necessary for human life,
and whose absence causes fatigue, depression, goiters (neck swelling), and, if
the absence occurs during pregnancy, intellectual disabilities in the child. It’s
abundant in seaweed and in both saltwater and freshwater fish, but can be more
rare inland. In the modern era we spray iodine on salt, thereby ensuring adults
get, on average, their 0.15mg of iodine recommended per day no matter what
they eat. Salt is used as the iodine delivery vector for two reasons: it doesn’t go
bad, and people tend to eat a predictable amount—nobody, for example, sits
down in the morning and decides to eat a 5kg pile of salt for breakfast.* Iodized
salt is one of the simplest and cheapest public health measures humans have ever
come up with, and it enhances both physical health and intelligence at the same
time: when iodized salt was introduced across America in 1924 CE, intelligence
scores in iodine-deficient regions went up by an average of 15 points. And while
you probably won’t be producing iodized salt for a while, if you ensure the
members of your civilization have access to foods high in iodine like fish,
shrimp, seaweed, cow’s milk, chicken eggs, and nuts, then they—and you—will
do just fine.







10.3
“I’M SICK”

Of all the technologies ever forged by humanity, medicine is the kindest.

Combined with the knowledge in Section 14: Heal Some Body, the two
innovations in this section will help humans—all humans—Iive the best lives
they can. The impact of these technologies is astonishing: millions of humans
are alive today (and will be alive in your civilization) because of these two
technologies: one biological and preventative, and the other mechanical and
diagnostic.

Penicillin aids you in fighting off infection at the microscopic level, while
stethoscopes help you at the human level, in both recognizing the symptoms of
individual diseases and in understanding how they affect people across humanity
as a whole. Civilizations are certainly possible without these technologies—and
several of Earth’s “greatest” have risen and fallen without them—>but these are
civilizations marked by illness, infection, and fickle, premature death. Your
civilization, in contrast, will be a beacon on a hill, sharing the secrets of health
and wellness with the world.

And all you have to do is read the next few pages.




10.3.1: PENICILLIN

v
If they can make penicillin out of moldy bread, then they can sure make
something out of you.
—You (also, Muhammad Ali)
WHAT IT IS

One of the most effective antibiotics we’ve got, and you can get it for free on old
food!

BEFORE IT WAS INVENTED

Something as pointless and stupid as a scratch could end your life, which is, it is
fair to say, less than optimal

ORIGINALLY INVENTED
1928 CE (discovery)

1930 CE (first cure)

1940s CE (mass production)

PREREQUISITES

glass (for isolation), soap, acid, ether (for purification)

HOW TO INVENT

Famously, Alexander Fleming was growing Staphylococcus bacteria in 1928 CE
when his samples were accidentally left exposed to air and then colonized by
passing molds drifting in through an open window. Before throwing them out,
one caught his eye: there was a halo around the blue-green mold infecting it, in
which his Staphylococcus bacteria wouldn’t grow. Fleming investigated why this
was happening, and in doing so he isolated the antibiotic properties of that mold
growing in his petri dish: a mold named Penicillium.

Here’s the thing: humans had already known for thousands of years that
some molds seemed to help prevent wounds from getting infected: the molds
from rotting foods were used as a treatment for wounds in ancient India, Greece,
China, the Americas, and Egypt (around 3000 BCE), though these treatments



rolled the dice on whether the molds would contain helpful penicillin or other
less-helpful contaminants that would only make things worse. This idea of
“molds as medicine” was rediscovered in the 1600s CE in Europe, and the
antibiotic nature of Penicillium mold was repeatedly observed by scientists in
Europe in 1870 CE, 1871 CE, 1874 CE, 1877 CE, 1897 CE, and 1920 CE, and
again in Costa Rica in 1923 CE, but it took until 1928 CE for anyone who
noticed the antibiotic effect of mold to also notice, isolate, and concentrate the
active agent. All humans needed to discover penicillin was glass, curiosity, and a
bit of luck, and it still took us over 5,000 years to get there.*

Here’s how you do it ahead of schedule.

First, you’ll need a bunch of petri dishes, which are just shallow flat-
bottomed glass bowls. Get your petri dishes as clean as you can with soap and
water, and wash your hands too.

Next you’ll need a growth medium: something that bacteria can grow in,
while also feeding them. We could just mix some beef broth* and water together
and call it a day, but a solid growth medium is better, because then we don’t run
the risk of messing up our cultures when they’re moved. So we’re going to add
some gelatin to the mix, produced either by boiling hooves (see Section 8.9), or
by boiling seaweed (try boiling different seaweeds until you find one that gels
overnight). Remember that both molds and bacteria survive by growing
opportunistically wherever they land, so you don’t have to be too precious about
setting up the perfect environment here.

Now we need bacteria to show us if penicillin has colonized our petri dishes
by not growing around it. Fleming used Staphylococcus, so let’s go with that
one! They’re harmless bacteria that reside inside human mucus membranes,
which leads us to this Civilization Pro Tip:

q CIVILIZATION PRO TIP: Sometimes all you need to
do to become one of the great scientists in history is to

pick your nose and wipe it on a petri dish.

Take all these petri dishes primed with your nasty boogers, and expose each
to different fungus spores collected from different areas. The mold from rotten
fruit or vegetables works great, moldy bread works too, and even just a
sprinkling of dirt will probably contain spores of Penicillium. Wait a week and



look for that telltale halo around your mold, separating it from those bacteria
growing from the snot you picked out of your nose because a book told you to.
Take samples of these molds and add them to a sealed jar of your watered-down
beef broth (scientists call this a “liquid solution™), so that they can grow there in
peace.* You just isolated Penicillium!

You can rub these molds on wounds and hope for the best, but we can purify
them to do better. The penicillin produced by Penicillium is more soluble in
ether than in water, so you’ll want to strain your liquid solution to remove any
solids, add some weak acid to what’s left (vinegar or lemon juice works) to help
keep the penicillin active, and then add some ether (see Appendix C.14). Shake
it up to get it mixed, then let it sit: the ether—now containing most of your
antibiotics—will rise to the top. Drain off the bottom water layer and you’re
good to go: you’ve produced purified penicillin, which can be mixed with water
and injected (if you’ve invented needles), taken orally, or mixed with baking
soda (Appendix C.6) to produce a shelf-stable “penicillin salt,” which can then
be removed from solution with a centrifuge (i.e., spinning it really fast, which
you don’t technically need any technology for except a wheel, but the electric
motor in Section 10.6.2 doesn’t hurt). Injected penicillin works best when
injected on the site of tetanus, gangrene, or other wounds.

Here’s the catch: it took about 2000L of Fleming’s mold culture to produce
enough penicillin to treat a single badly infected wound. A better source was
found in 1942 CE by one Mary Hunt in the garbage of a Peoria, Illinois, grocery
store: a “pretty, golden” mold on a cantaloupe that produced 200 times more
penicillin than Fleming’s strain. This mold was eventually exposed to X-rays in
the hope the radiation would cause enough artificial mutations that a strain that
produced even more penicillin would evolve, and serendipitously, that worked!
Humanity now had a mold that produced 1,000 times the penicillin of Fleming’s
original strain. You probably don’t have a convenient source of X-rays, but you
do have lots of convenient sources of mold, so be sure to occasionally rerun this
experiment until you find a better-producing penicillin source. Once you have
penicillin mold isolated, you’ll want to have members of your civilization
working on producing penicillin full-time.




10.3.2: STETHOSCOPES

v

Shall we make a new rule of life from tonight: always to try to be a little kinder
than is necessary?
—You (also, J. M. Barrie)

WHAT THEY ARE

A medical instrument so basic that its construction can be described in a single
phrase (“roll something into a tube,” there, we just did it), but which still eluded
all human invention for hundreds of thousands of years

BEFORE THEY WERE INVENTED

Knowing what was going on inside a living body without cutting it open and
taking a look was pretty difficult

ORIGINALLY INVENTED
1816 CE

PREREQUISITES
paper

HOW TO INVENT

Like we said, all you need to do to invent a stethoscope is make a tube and hold
it up to someone’s chest. Done. The very first one was made of paper, but you
can make more effective and durable ones out of wood or metal. You can add the
flexible tube and stereo earpieces you’re familiar with in modern stethoscopes if
you’re feeling fancy, but they’re not necessary.

Despite their simplicity, stethoscopes were discovered only by chance when
a (male) doctor, unwilling to get too close to his (female) patient’s chest,
discovered that a rolled-up paper tube let him hear what was happening inside
her body much more clearly than his ears alone could. This invention at last
allowed the internal anatomy and behavior of living beings to be explored both
in detail and, more important, non-lethally. It was the beginning of a major
change in medicine: instead of a collection of symptoms to be treated, disease



began to be seen as what happens when different parts of the body start to
misbehave—through age, decay, or infection.

Humans soon discovered that a lot of sound is produced inside the body, and
differences in these sounds can be diagnostic, especially when dealing with the
heart, the lungs, and the gastrointestinal system. This isn’t a medical manual, but
if you want to become a doctor, a stethoscope will quickly make apparent the
differences between many healthy and diseased organs and allow you to make
diagnoses based on that.

This technology is also good for hearing aids! The basic design of the tube
stethoscope can be modified to form an “ear trumpet”—a giant trumpet-shaped
tube you hold up to your ear as a primitive but effective way to hear things
better.






10.4

“THE NATURAL RESOURCES I SEE AROUND
ME SUCK; I WANT BETTER ONES”

The inventions included in this section are fundamental to any
technological society.

Mining is of course necessary if you want access to any resources that don’t
happen to be on the surface, and kilns, smelters, and forges not only give you
access to new materials but also unlock a host of new technologies, from
metalwork to the steam engine, making them linchpins for a huge number of
technologies yet to come. And finally, kilns can transform sand into one of the
most useful substances humanity has ever produced: glass—a material with the
ability to bend light itself. This not only helps the people in your civilization see
better so they don’t trip over things all the time, but also opens up whole new
areas of science to explore, from microscopic life forms to the light of distant
stars.

While other technologies tend to get the spotlight, many of them would not
exist without the technologies in this section to support them. By being the one
to invent them first, you’re making yourself the most brilliant, influential, and
crucially essential person in world history.

Well done on that, by the way.



10.4.1: MINING

v

My grandfather once told me that there were two kinds of people: those who do
the work and those who take the credit. He told me to try to be in the first group;
there was much less competition there.

—You (also, Indira Gandhi)

WHAT IT IS
Taking things you think might be useful out of the ground

BEFORE IT WAS INVENTED

Unless the substances you were interested in happened to be on the surface, you
were kinda out of luck

ORIGINALLY INVENTED

41,000 BCE (earliest mining: hematite, used for red pigment for painting and
makeup)

4500 BCE (fire setting)

100 BCE (hushing)

1050 CE (percussion mining)

1953 CE (landfill mining, in which it was realized that landfill sites capped
before recycling became prevalent would have a higher concentration of
aluminum—thanks to discarded aluminum cans—than actual aluminum mines)

2009 CE (first asteroid mining company founded)

PREREQUISITES

candles (for seeing underground), metal tools (for mining rocks and percussion
mining), animal husbandry (for domestic birds like canaries)

HOW TO INVENT

Unless you get lucky—and people have throughout history*—mining is
probably going to involve moving a lot of heavy rocks around, and that’s going
to be hard work. There’s no way around it! The silver lining* is that if whatever
you’re interested in happens to be near the surface, you can try an open-pit mine:



a specialized hole that, unlike most mining, has the advantage of giving miners
plenty of sunshine and fresh air. But not everything you’re interested in will be
near the surface, and at a certain point you’re going to have to dig down until
you find rocks you like, hit those rocks until they break apart, and carry away the
pieces.

Here are a few techniques you can use to make that job slightly easier:

Hushing: store water in a reservoir near where you want to mine, then
release it all at once. The rushing water acts as instant artificial
erosion, carrying away surface rocks and soil for you and leaving the
bedrock exposed. If you’re lucky, veins of ore in the bedrock will then
be exposed for mining!

Fire setting: light fires in your mine shaft next to rocks, then dump
water on the rocks once they’re superheated. This sudden cooling
fractures the rocks and makes them easier to break, but this process
does involve lighting fires in your mine—a place where oxygen is
usually treasured—so it’s not entirely without its dangers.

Wedging: useful on its own, or after fracturing rocks with fire setting;
hammer a wedge into a split in a rock, forcing it to break into pieces.
If your wedge is made of wood, you can soak it in water after it’s been
forced into a split, which causes the wood to expand, putting even
more pressure on the rock.

Percussion drilling: set up a heavy rod with a sharp iron or steel tip
(see Section 10.10.2), and drop it into the same spot over and over.
Levers or pulleys* can be used to raise the heavy rod up again once
it’s been dropped, and guide tubes can be made from wood or metal to
ensure the rod always hits the same spot. This produces a small well
shaft, better suited to extracting liquids (like brine in Section 10.2.6:
Salt Production) than solids.

Some of the simplest underground mining involves “bell pits,” named after
the shape they take. In these, a shaft is dug (usually vertical, sometimes inclined)
to the level of the ore, at which point miners start digging out and around from
the shaft, forming a natural bell shape as they go. No supports are used, which
means at a certain point the mine is going to start to fall in. At that point (or,



ideally, several minutes before the collapse) the mine is abandoned, another one
is started nearby, and mining continues.
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Figure 17: A bell-pit mine (pictured here before its inevitable collapse).

If you don’t want to go the “dig until it’s too dangerous to dig anymore”
route, an alternative is “room and pillar” mining: here you dig horizontally but
leave vertical pillars of rock standing to hold up the roofs of the “rooms” you’re
extracting material from. The danger of collapse here comes from the fact that if
one pillar fails, more stress is added to the remaining pillars, which can cause a
chain reaction. Instead of (or in addition to) pillars, you can support mine shafts
with timber, making the wood carry the load of the rock above. But even in the
modern era it’s very hard to guarantee that roof of rock you’ve exposed is up to
the task of carrying its load without collapsing. Mining has an unavoidable
element of risk: besides cave-ins, miners also face danger from flooding and
toxic gases, the latter of which can result in you suffocating, exploding, or both
in rapid succession.

You can mitigate the threat of suffocation by bringing along a pet bird. Many
birds have a high metabolism and breathe rapidly, so they succumb to carbon
monoxide and other toxic gases before humans do. Specifically, canaries faint in
the presence of carbon monoxide about twenty minutes before humans. Bring a
canary into the mine and keep an eye on how conscious it is, and you’ll know



when otherwise undetectable toxic gases are present while you still have time to
escape them! This is a great improvement over the way toxic gases were usually
detected for thousands of years, which was by noticing when the people around
you started to die. This simple but still fundamentally lifesaving use of animal
labor didn’t occur to anyone until the incredibly late date of 1913 CE (late
enough that we’d already invented vacuum cleaners, cellophane, and television),
so just by bringing a canary or other conveniently sized bird pal into the mines
with you during the hundreds of thousands of years before that date, you’ll be
doing far, far better than we ever did.



10.4.2: KILNS, SMELTERS, AND FORGES

v

The original lists were probably carved in stone and represented longer periods
of time. They contained things like “Get More Clay. Make Better Oven.”
—You (also, David Viscott)

WHAT THEY ARE

A way to get more heat from your fires, which then lets you use materials in new
ways, including giving you the ability to create pottery, ceramics, and glass, and
also to forge the very metals themselves. In tastier news, they’re also a way to
produce amazing pizzas.

BEFORE THEY WERE INVENTED

No metal forging, no artificial glass, no earthenware, stoneware, or porcelain,
and on top of all that, pizza would be way worse!

ORIGINALLY INVENTED
30,000 BCE (campfire bisque figures)
6500 BCE (lead smelting in campfires)
6000 BCE (kilns)

5500 BCE (copper smelting in kilns)
5000 BCE (glazing)

4200 BCE (bronze production)

500 BCE (blast furnaces)

997 CE (delicious pizza)

PREREQUISITES

clay, wood, charcoal for forges, limestone for iron smelting, mortar (for better
kilns), mining (for raw materials)

HOW TO INVENT

Everything you’ll invent in this section starts with clay. Clays are fine-grained
soils that contain aluminum silicates bound with oxygen, and luckily for you,

they’re found all over the world in just about every time period! They’re only



hard to find very early on in Earth’s history: after rocks have formed but before
they’ve had a few million years to weather into soil.* Clays will generally be
under topsoils (so you’ll have to dig) or near seashores or riverbanks, where
erosion can expose them. Clay is easy to recognize when it’s wet: it’s a damp,
heavy, finely grained, and easily shaped soil, but if it’s dry it can look pretty
rocklike. You can distinguish dry clay from rocks by scratching it: if your scratch
easily brings away a fine powder, that’s dry clay, and some water will fix that
right up!

You may find clay mixed in with other impurities or pebbles, and there are
two ways to purify it. One is to dry it out, break it into pieces, and then smash it
into dust: clay particles will be the smallest, and you can sift them through a
sieve. This takes a lot of energy. An easier solution is to take your dirty clay, put
it in a container, and add twice its volume of water. Crush the mud with your
hands to remove any large chunks, then let it sit for a few hours to get fully
hydrated. Afterward, stir the mixture thoroughly. Let it settle for a few minutes,
and the mixture will separate into layers: sediment at the bottom, and a lighter
mixture of clay and water at the top. Pour out the “clay water” into a separate
container, and let it settle again for longer, this time for a day or so. Now the clay
will settle on the bottom, and you can just pour the water off. Repeat this process
a few times if there are still impurities. When you’re done, you’ll have a wet
clay that you can let dry in the sun for a few days until it’s usable. The easiest
way to test your clay for quality is roll it into a snake shape (arguably . . . the
easiest shape to make out of clay?), and then wrap it around your finger: if it
bends without cracking, you’ve got yourself some good clay.

The problem is that you can’t just make a bowl* out of clay and wait for it to
dry, because dried-out clay is brittle and crumbly, and as you just saw, it
becomes flexible again when wet. It’s only when clay is heated that the magic
happens.* At around 600 to 1000°C (depending on your clay) it transforms into
bisque: a stronger material that won’t become clay again no matter how wet it
gets.

While bisque is better than dried clay for creating figures or bricks, it’s still
suboptimal for bowls: even though it won’t become clay again, it’s porous and
readily absorbs water. To fix that, you’ll want to heat your bisque a second time,
up to around 950°C. At this point another transformation takes place: the clay
itself begins to fuse together while the impurities within it melt, filling any gaps
within the clay matrix as it cools. The result is a stronger, denser, watertight
material: in other words, my friend, you have just invented earthenware



ceramics. Get your bisque even hotter (1200°C) and you’ll produce stoneware: a
more chip-resistant ceramic than earthenware. Throw some salt in while you’re
firing your clays and you’ll glaze your ceramics in a thin layer of glass: at these
temperatures the salt breaks down into sodium gas, which reacts with your
bisque to form fresh glass directly on its surface. Adding minerals can produce
different colors in your glass: bone ash gives reds and oranges, and copper gives
greens.

A regular campfire is hot enough to create bisque—you can get one up to
around 850°C—but it’s not hot enough to make earthenware or glazes. For those
you need a kiln, which encloses your fire, containing and amplifying its heat.
With kilns—which are really just specialized ovens—you unlock not just better
pottery but also glassware, metalworking, and more: a world of different and
more useful materials is available to you the second you start making fires more
intelligently than just throwing wood into a pile and calling it a day.

To build a kiln, you’ll use a regular campfire to make bisque bricks from
clay. Bisque holds heat well, doesn’t burn, and has an extremely high melting
point, which makes it ideal for your first kiln. And once it’s built, you can then
use that kiln to make higher-quality bricks, which you can then use to make
better, higher-quality kilns. A simple kiln—really just a rectangular box, with a
fire on one side and a chimney on the other—looks like this:
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Figure 18: Your new kiln.

The chimney on the far side draws the hot air from the fire across whatever
you place inside. Use mortar between any bricks to ensure it’s airtight, leave a
few unmortared so you can control airflow and restock your fires easily, and
you’ve just made your first kiln. Besides drying pottery, kilns can also be used to
cook any thinly rolled dough that has had some tasty toppings placed on it in less
than two minutes, which is how you’re going to invent some extremely delicious
wood-fired pizza.

A Kkiln like this can get up to around 1200°C—hot enough to melt copper, as
humans eventually discovered when they noticed that some rocks would
partially melt when put in a kiln. Adjust your design to collect this runoff and
direct it outside your kiln, and you’ll have convenient access to molten metals
for the first time. This adjusted kiln is called a “smelter”—a device to extract



base metals from ores—and you just invented it. Well—technically, smelters
were invented the first time someone threw a tin- or lead-containing rock into a
campfire and noticed the next day that there was a hardened metal mixed in with
the ashes (tin melts at 231.9°C and lead at 327.5°C, well within campfire heat
ranges), but yours is the first one that allows for convenient collection of molten
metals.

Smelters can even be used to collect metals they can’t melt. Iron melts at a
balmy 1538°C, well beyond the range of these furnaces. But when you add
limestone to iron-containing ores*—smash them up and mix them together—the
limestone reacts to lower the melting point of the non-iron parts of the rock, and
your smelter can work in reverse: melting the non-iron away and leaving pure
iron behind, which can then be taken out and shaped in a forge. To build a
specialized iron smelter, you’ll build a chimney-shaped kiln with one hole at the
top, and some pipes (made of clay initially, and metal later once you’ve got it) to
draw air in from the sides. Start a charcoal fire (see Section 10.1.1) in the pit,
break your ore into small pieces, and once your fire is hot, add alternating layers
of iron ore and charcoal in equal parts through the top. The unmelted iron falls to
the bottom and collects in a spongy lump surrounded by molten slag (which is
the impurities you don’t want). All that’s left is to drain the slag, collect your
iron, and purify it. You’ll do that by hammering your metal flat while it’s still
warm, folding it over itself, and repeating. This process presses out any
remaining slag and fuses the iron together, but you’re going to need a way to
keep your metal hot while you work on it. And for that, you’ll need a forge.

Forges are related to kilns—you’ll want to use the same bricks in their
construction—but they’re more open, and like smelters, they use hotter-burning
charcoal. Beneath where the fire burns is an air tube that forces air directly into
the fire via bellows at the other end: the more air your charcoal gets, the hotter it
burns.* Metals placed into the forge can be heated up enough to become flexible,
which lets you hammer existing metals into new and more useful shapes before
cooling them in water. Look at that: that clay that you first cooked in your
campfire has given you access not only to better kilns but also to molten metals
and the ability to shape them! It’s brought you from the Stone Age, through the
Bronze Age, and all the way into the Iron Age, which is pretty good for some
weird dirt that you found down by the river.

Kilns show up around 6000 BCE, but there is nothing preventing you from
constructing them at any given point in history, except knowing how to do it.




And since you just learned how to do that, you’ve got no excuse for waiting! Do
it right now!*



10.4.3: GLASS

Don’t tell me the moon is shining; show me the glint of light on broken glass.
—You (also, Anton Chekhov)

WHATIT IS

A strong, heat-resistant, nonreactive, infinitely recyclable noncrystalline
amorphous solid* that you can see through, which actually makes it one of the
most insanely useful substances on the planet

BEFORE IT WAS INVENTED

If you needed corrective lenses, you wouldn’t get them and would instead spend
your entire life not seeing things clearly. In addition to literally not seeing well,
you’d also spend your entire life figuratively not seeing the benefits of the
myriad technologies glass unlocks, including microscopes, test tubes, and
lightbulbs.

ORIGINALLY INVENTED

700,000 BCE (natural glass used for tools)

3500 BCE (artificial glass, used mainly to make beads)
27 BCE (glassblowing)

100 CE (clear glass)

1200 CE (windowpanes)

PREREQUISITES

none (for natural glass); kilns, potash or soda ash, quicklime (for artificial glass)

HOW TO INVENT

Glass is one of the most useful substances you can produce, and to underline
that, we’ll describe the amazing things you can do with glass before we tell you
how to make it. This way, when you do reach instructions for its production,
your reaction will be “That sounds easy, I can’t wait to do it!” instead of the
alternative reaction of “Oh wow, glass is for losers, I’'m gonna skip ahead until I



find something that explodes to read about,” observed with earlier editions of
this text.*

Here’s a short list of things you can make with glass: glazed pottery,
eyeglasses, microscopes, telescopes, beakers and test tubes (useful in science
because glass doesn’t react with much, meaning you can even use it to safely
store sulfuric acid), vacuum chambers, prisms, lightbulbs, thermometers,
barometers, and more. Glass lets you bend light (through refraction), break it
(through diffraction), and put it back together (by shining a bunch of lights into
the same spot).

What are the uses of bending light? Make an outward curve and you’ll cause
light rays to converge, inventing the magnifying glass. Produce the opposite
shape and you cause them to expand, which will correct nearsightedness. Like
this:

CONVEX LENS:

:O§><

CONCAVE LEN&/)
é

SR | (N
#\

Figure 19: The shapes glass needs to be in to bend light in various useful ways.

Outward-curved lenses (called “convex lenses™) are easier to make than
concave lenses—since blowing a glass sphere produces convex shapes by



default—so you’ll find farsightedness (not being able to see close things clearly)
initially easier to correct than nearsightedness.

Eyeglasses were first invented in the 1200s CE in India and brought to
Europe through Italy.2? Around the same time, sunglasses were being invented in
China, and were, even then, much cooler than the nerd goggles being discussed
here.* However, it took five hundred years—well into the 1700s CE—before
anyone suggested that glasses might be conveniently held in place by arms that
use our ears as anchors. Before then you’d have to either constantly hold your
glasses in place, or pinch them to your nose so hard that they’d stay there
themselves. Just by giving your glasses arms, your civilization will already be
hundreds of years ahead of the game.

But eyeglasses are just the beginning. By taking two side-by-side convex
lenses from eyeglasses and putting them in line with each other—usually held in
place by an adjustable hollow cylinder—you can create a microscope, an idea
that first occurred to humanity in the early 1600s CE. Combine a convex lens at
one end with a concave one at the other and you’ve created telescopes, useful for
spotting distant lands, exploring the nature of the cosmos, and spying on your
freaky neighbors. Put two telescopes side by side and you’ve invented
binoculars. Look at you: we give you a few lenses and already you’re inventing
like crazy!

Telescopes and microscopes are terrifically important inventions that lead to
the discovery of previously unknown forms of life (bacteria), new
understandings of how life exists (cells), how life reproduces (through cellular
division, and with sex through microscopic sperm meeting microscopic eggs),
how humans defend themselves from disease (white blood cells), not to mention
the macroscopic discovery of new planets, new stars, and new galaxies—all of
which will fundamentally transform science, medicine, biology, chemistry,
theology, and civilization itself. In our timeline these innovations all had to await
the invention of lenses, which required clear glass, which required hot kilns, but
the instructions in this text give you all you need to invent them at any point in
history.*



TELESCOPE:

MICROSCOPE:

Figure 20: Schematics for telescopes and microscopes.

To invent mirrors—useful for both advanced science and advanced personal
grooming—-place a layer of reflective metal like copper, aluminum, or tin on the
back of a piece of clear glass.* With the widespread adoption of mirrors comes
the invention of the selfie—before the wide availability of mirrors in Europe
around the 1400s CE, there was no strong tradition of self-portraits—as well as
periscopes, more advanced telescopes, solar cookers that reflect and focus the
rays of the sun, and the myriad body-image issues that can be unlocked only
through constant, unavoidable reminders of your personal appearance at all
times. Shape glass into a triangle and you’ll make a prism, which breaks light
out into its constituent parts (i.e., makes pretty rainbows). Put that in a dark box
so that the only light that can enter your prism is from a single pinhole source,
and you’ve invented the spectroscope. Every element in the universe, when
heated, gives off distinctive bands of colored light: an incomplete rainbow that
acts as a fingerprint. You can use your spectroscope to identify what’s burning



right in front of you, or—when combined with a telescope—determine the
elemental makeup of stars thousands and thousands of light-years away.

Not bad for some melted sand.

That’s right: glass is simply melted sand—or more accurately, melted silicon
dioxide, also called “silica.” Silica makes up more than 10 percent of the Earth’s
crust by mass and is the major constituent of sand in most parts of the world, so
it should be very easy to find. It melts around 1700°C—too hot for campfires,
but well within the range of the kilns you just invented in Section 10.4.2. The
first human-produced glass was made by accident around 3500 BCE in just such
a kiln: some sand got in, melted, and cooled into an interesting substance.*28

You can lower the melting point of silica—and thus make glass production
easier and more affordable—by adding potash or soda (Appendices C.5 and C.6,
respectively) to your sand. The heat causes the potash or soda to dissolve into
the sand, lowering its melting point. Include some quicklime (Appendix C.3) to
increase your glass’s durability and chemical resistance and to prevent it from
being worn down by water, and you’ll have a substance that melts around a
much more achievable 580°C. You’re looking for a mixture of about 60 to 75
percent silica,* 5 to 12 percent quicklime, and 12 to 18 percent soda.

When this mixture melts, it’ll make a bubbling, frothy liquid—the bubbles
are carbon dioxide escaping—which you’ll want to let “boil” long enough to
allow those bubbles to escape, and then you can pour, blow, pull, or mold your
glass. Clear glass comes from white sand: brown sand usually has iron oxide in
it, which makes a green glass.* To turn green glass clear, add manganese dioxide
—which can be produced by burning certain seaweeds to ashes; experiment until
you find some that work—into the mixture when molten.*

The hotter glass gets the runnier it gets, and the cooler it gets the thicker it
gets. You can exploit this by cooling your molten glass down to different points,
where you’ll see it go from behaving like runny syrup to flexible bubblegum to
thick taffy. When it’s at the bubblegum point you can put a glob onto the end of
an iron pipe and force air into it, and at that instant you have invented
glassblowing, which is useful for making all sorts of glassware.

You’ll probably want to make glass windows, an invention that (a) helps
make homes feel comfortable and non-cavelike, (b) keeps them insulated, and
(c) can really brighten up a room. Making a large pane of glass, however, does
take a bit of doing, and there are several different techniques. And here they are,
from earliest and simplest to modern and most complicated, so you can decide
how fancy you want to get!




If you’ve got lots of time and energy, just pour molten glass onto iron
(which won’t melt), let it cool, and then polish both sides until they’re
transparent. You’ll need to start with a rough sandpaper* and gradually
work your way down to a very fine grain. It takes a while.

If you blow a balloon shape, then cut off the ends, you’ll be left with a
rough cylinder. Cut it in half and flatten it out on an iron plate while it’s
still flexible and you’ve invented broad sheet glass, a simple-to-make
glass suitable for windows, but one that’s rough and not often transparent.
It’s normally invented around the 1000s CE.

If you blow a large globe of glass (which takes some skill), and then
slowly reheat this glass up to its melting point while spinning it on
something like a potter’s wheel, centrifugal force will flatten your glass
into a disc. This transparent “crown glass” will be thinner at the edges and
thickest in the middle, where a circular “bull’s-eye” will be visible, but it’s
largely suitable to be cut into windows. This technique didn’t appear until
1320 CE in France, where it was kept as an extremely lucrative trade
secret for hundreds of years. Now you know!

If you blow large globes of glass into iron molds, you’ll be able to make
identically shaped glass over and over. In particular, if you blow into a
cylindrical mold, you can let the glass cool, cut it lengthwise, and then
slowly reheat it, and the cylinder will naturally flatten out into a sheet of
glass, producing a much more uniform—and transparent—sheet of glass
than you can get with the earlier broad sheet glass. This technique for
cylinder glass shows up in the early 1900s CE.

If you’ve produced liquid tin—a very dense metal—you can form the
perfectly flat modern windows you’re used to by pouring molten glass
onto the tin, where it will spread across the surface in a uniform thickness
before cooling. The glass solidifies around 600°C, well before the tin
does, so you can just pick it off when it’s cool. This technology normally
shows up around 1950 CE and in less than a decade displaces all previous
glass-production methods, but there’s a catch: while tin won’t attach to
your glass, tin dioxide will, so you’ll need to do this in a room filled with a
gas that isn’t oxygen so your liquid tin won’t rust. If this sounds too hard,
then crown or cylinder glass will be fine, we promise. Look, this is a book
that in a few sections will go out of its way to explain how buttons work,
so maybe you don’t need to be messing around with molten metals just to
make a smoother glass right now.






10.5

“PMLAZY; I WANT A MACHINE TO DO WORK
FOR ME”

Engineering is the process of applying science, math, and other practical

knowledge toward inventing new machines. You’ve been engineering this
entire time, and you didn’t even realize it! But the inventions in this section tend
more toward the classical conception of engineering: the building of engines to
perform different tasks for you, freeing you up to do anything else (including,
but not limited to, keeping an eye on the engine you’ve built).

Waterwheels and windmills are the first technologies you’ll invent that
harness the Earth’s natural processes, making them do your work so you don’t
have to. You’ll make them even better with Pelton turbines. Flywheels smooth
out power production and are useful in all sorts of engines, including steam
engines, which are incredibly useful machines that require only water as a
reactive agent and can run on anything that burns.

We know our more mechanically minded readers will have been anxiously
awaiting this section, and we are happy to now give you everything you need to
invent these technologies you’ve been looking forward to. In other words: time
travelers . . .

... Start your engines.



10.5.1: WATERWHEELS AND WINDMILLS
.»

If we learn to feast toil-free on the fruits of the earth, we taste again the golden
age.
—You (also, Antipater of Thessalonica)

WHAT THEY ARE

A way to harness actual forces of nature to make them work for you, for once

BEFORE THEY WERE INVENTED

If you wanted some grain ground or wood sawed or rocks smashed or tools
sharpened or ore crushed or bellows operated or iron wrought or paper pulped or
water pumped you had to do it yourself, by hand, like a gosh-darned chump

ORIGINALLY INVENTED

300 BCE (first waterwheels and cams)

270 BCE (right-angle gears)

40 BCE (trip hammers)

100 CE (first wind-powered wheel)

400 CE (waterwheels powered by falling water)
600 CE (dams for waterwheels)

900 CE (first windmills)

1185 CE (first modern windmills)

PREREQUISITES

wheels, wood or metal, cloth (for windmills)

HOW TO INVENT

Both waterwheels and windmills are instantiations of the same idea: the planet
has all these liquids and gases always moving around its surface, so wouldn’t it
be nice if we could make them do something for us?

A waterwheel is simple to invent: it’s just a giant wheel with paddles on it so
water can push it. Dip it in a stream and it’ll rotate as water flows by, but this
captures only 20 to 30 percent of the water’s total energy. You can double that



number to 60 percent by powering it with falling water instead: this way it’s not
just the water’s movement that’s powering your wheel but its mass as well. Do
this by replacing the paddles on your wheel with cups, and then positioning your
waterwheel beneath a waterfall. If those aren’t around, you can create an
artificial one: just direct a stream through a trough that exits above your wheel.
While you’re at it, if you dam up that stream so that the only way water can get
out is by going through your waterwheel, the lake you create actually functions
as a store of power ready to be used whenever you need it. That’s the world’s
first battery, and you just invented it.

Your wheel will be connected by a shaft to the inside of your mill, and that
shaft will rotate at the same speed and in the same direction as your wheel. This
is useful for certain kinds of work—rotating a conveyor belt, for instance—but
you can transform this rotational motion into all sorts of different movements
with the help of some simple technology.

Add right-angle gears (see Appendix H) and you can make a vertical
waterwheel rotate another horizontal wheel instead, which is great for grinding
grain. Just set up two stone wheels: your rotating one, and one beneath it that’s
fixed in place. Feed your grain into a hole in the middle of your rotating wheel,
and it’ll grind it into flour and push it out at the edges. Change the relative sizes
of the gears you use and you’ll adjust how fast that grinding happens and with
how much torque. Attach a crank to your waterwheel and you’ve changed its
rotational motion into a back-and-forth one, which you can use to invent
mechanical saws, pumps, or bellows. Replace your crank with a trip hammer and
your waterwheel can now repeatedly smash rocks (or hammer steel) instead. All
come from the same source: water pushing against a wheel!

Windmills work on the same principle, but rather than water rotating a
wheel, wind pushes against a set of sails mounted like a fan around the drive
shaft. This introduces a bunch of complicating factors, which we will now
explore through a fictional dialogue between a waterwheel-loving critic of
windmills—Iet’s call her Dr. Waterwheels—and a well-informed and reasonable
windmill apologist, whom we’ll call Chompsky. We’re going to imagine that Dr.
Waterwheels is a human but that Chompsky is an adorable talking dog who’s
panting happily as he gets belly scratches from the doctor, because nobody can
stop us from imagining whatever we want, least of all you:

Statement from Dr. Waterwheels
(human, lover of waterwheels, Response from Chompsky
windmill skeptic) (adorable talking dog, well informed on windmills, super-scratchable belly)




Waterwheels are the best, Chompsky!
They use water, whose flow is
predictable and usually only changes
slowly. Meanwhile, wind is famously
unpredictable, wild, and capricious!

That’s true, Dr. Waterwheels, but you can build windmills anywhere, while waterwheels can only be
built near water, so I suppose it balances out. Can you scratch my belly a little higher up?

Is this better?

Yes, thank you. My leg is doing that adorable thing where it kicks, so you know you’re scratching at
just the right spot. Do you have any other issues with windmills?

1 do! If my waterwheel is turning too
fast, I can simply remove it from the
water and it’ll stop. But a windmill
can’t escape the wind!

While you’re right in saying windmills can’t escape the wind, we can easily design them to handle wind
overload. The blades of a windmill can be built out of wooden frames, which then get covered by
sheets. When the sheets are removed, the wind goes right through the blades instead of turning them to
generate force, which allows the amount of power the windmill extracts from the wind to be controlled.

Okay, maybe . . . but water still always
comes from the same direction. Wind
can comes from every direction ever.
What are you going to do, rotate your
windmills every time the wind
changes?

That’s precisely what happens, yes. This can be done by hand, but if we’re clever we can make the
windmill self-adjusting by adding another paddle to the back of the windmill at a right angle to the
drive fan, like on a weather vane. Then, any wind against the paddle turns the windmill to face it
automatically. In fact, if we want to get even fancier, we can replace the paddle with a tiny windmill fan
that rotates the entire structure along a circular geared track to the same effect! But it’s probably worth
pointing out that while it’s true that wind can come from any direction, there are prevailing winds in
many areas throughout the planet, which makes it possible to know the average direction wind will
come from most of the time.

1 guess. But water still carries way
more energy than wind. For example,
it’s much easier to be swept away over
the horizon by a river than it is to be
blown away over the horizon by wind!
So you have to admit a single
waterwheel will often be able to do
more work than a single windmill.

Yes, well, we all do the best we can with what we’ve got. Am I a good dog?

You are a good dog. Who’s a good
dog?

I am.

Yes you are. What a good dog. What a

good dog. Good old Chompers. Look at

your little face.

[belly scratches intensify; dialogue ends]

Table 12: Incidentally, the idea of education and insight happening through a dialogue between two
individuals is called the “Socratic Method,” and it’s been a powerful teaching technique since its
popularization by Socrates around 400 BCE. We used it here to discuss engineering with a talking dog!

And that’s how you invent windmills and waterwheels.



10.5.2: PELTON TURBINES

Between Earth and Earth’s atmosphere, the amount of water remains constant;
there is never a drop more, never a drop less. This is a story of circular infinity,
of a planet birthing itself.

—You (also, Linda Hogan)

WHAT THEY ARE

A better version of a waterwheel that’s not only smaller but can also be over 90
percent efficient, which compares really well to that 60 percent we were messing
around with with waterwheels

BEFORE THEY WERE INVENTED

People got by with waterwheels, but they didn’t know what they were missing,
and now they probably all feel like idiots

ORIGINALLY INVENTED
1870s CE

PREREQUISITES

waterwheels made of wood or, even better, metal

HOW TO INVENT

The waterwheels you invented in the last section (if you’re reading this guide
linearly) or that you might get around to eventually (if you’ve flipped directly to
this section while muttering, “Gosh darn it, I need turbines stat”) are powered by
water in two ways: the mass of the water causing rotation, and the kinetic energy
transferred by moving water when it hits the wheel. Pelton turbines work with
the same mass of water but capture much more of its energy, which makes them
much more efficient.*

The basic idea is to take water under pressure (the easiest way to achieve
this is to run water through a pipe going downhill, with a smaller opening at the
bottom of that pipe than at the top: the water’s weight at the bottom forces it to
pressurize) and make it hit your wheel like a super-powered hose. It didn’t take



any special thinking to replace the paddles on a waterwheel with cups to catch
the water, but the innovation Johnny Pelton* came up with was to fire the water
not directly into the middle of the cups but to put two cups on the wheel and to
aim the water right at the wedge-shaped split between the two.*

You can see why that made a difference simply by imagining standing
beside a brick wall and spraying a hose at it. Fire that hose straight at the wall
with any sort of water pressure and you’re going to get wet: the water will hit the
wall and splash right back toward you. That’s energy in the water that’s wasted
instead of captured, and that’s what was happening when water was fired into the
middle of these waterwheel cups, where they were their flattest. But if your wall
had a curve to it, and you aimed your water at an oblique angle just at the edge
of that curve, you wouldn’t get wet at all. Instead of being suddenly bounced off
the wall, the water would be gently redirected, whipping around the curve to exit
from the far edge. That’s precisely how Pelton turbines work: the water imparts
much more of its energy as it whips around the cups than it can when it smashes
directly into them, which makes the wheel turn faster. The reason Pelton uses
two cups instead of just directing the water to the edge of a single cup is for
balance: this way the wheel has equal forces on both sides.

A Pelton turbine rotating at half the speed of the water hitting it will capture
nearly all that water’s energy. You’ll be able to tell when you’ve got that set up
properly because water coming out the far sides of your cups will be almost
motionless, and that’s the mark of a well-built Pelton turbine. Now you’re
extracting energy from moving water with over 90 percent efficiency! This not
only gives you more power from the same water but also unlocks new power
sources the world over, because streams and waterfalls that were too small for
waterwheels will power a Pelton turbine just fine.

At this point you’re probably thinking that it’s pretty embarrassing humanity
took more than two thousand years after inventing waterwheels to figure out that
if we aimed the water to the side of our little cups instead of the middle we could
almost double their efficiency! But it actually gets worse: origin stories for
Pelton’s turbine include “One day Pelton was hosing down some rocks and a
cow got too close so he fired his hose at his cow and the water hit her between
her cuplike nostrils and it knocked her head back and that’s how he invented his
turbine.” We’re not going to tell you if that story is true, because here is a fact:
there’s no good way out of this. If it’s true, we’re just a bunch of knuckleheads
who need soggy cows to make even basic scientific advances. If it’s false, we’re
still a bunch of knuckleheads who are apparently all more than willing to believe



that no scientific advancement can happen without some soggy cow to show us
the way.22



10.5.3: FLYWHEELS

v
Change does not roll in on the wheels of inevitability, but comes through
continuous struggle.
—You (also, Martin Luther King Jr.)
WHAT THEY ARE

A way to store and extract energy using nothing more than a big old wheel

BEFORE THEY WERE INVENTED

Rotational energy couldn’t be stored, output from engines couldn’t be smoothed,
and wheels were significantly less fly

ORIGINALLY INVENTED
300 BCE (in pottery)
1100 CE (in machinery)

PREREQUISITES
wheel, steel (for dense and sturdy flywheels, and also for ball bearings)

HOW TO INVENT

Flywheels exploit the fact that objects in motion tend to stay in motion.* If you
have a heavy wheel that takes a lot of energy to start spinning, it’ll also take a lot
of energy to stop it. And that makes them batteries that store momentum instead
of electricity! Wheels will slow down over time due to friction, so they’re not
perfect batteries, but a dense or large flywheel can run for a really long time
before it stops. They were first used in pottery (potters’ wheels are just big,
heavy wheels that spin for a while once you get them moving, and that, my clay-
covered friend, is a flywheel), but (no surprises here) it took humans a while to
realize they could be used for anything else. Turns out, all you need to do is
attach them to a rod rotated by an engine, and you’re in business!

Besides storing energy, they can also be used to smooth out machinery. In
piston engines (see Section 10.5.4), the pistons move intermittently, and in many
uses you’ll want constant power. If you’re powering a tractor, for example,




you’ll probably want to move forward at an even pace, rather than in fits and
starts every time a piston fires. If your pistons power a flywheel instead of your
machinery directly, the wheel will continue to rotate even when the pistons
aren’t providing power, generating a much smoother force.

Figure 21: A “flywheel,” also known by its less technical name, “wheel on a
stick.”

Flywheels can also release energy faster than it was originally produced. It
might take you hours to get a flywheel up to speed, but attach a heavy load to
your flywheel and you can direct all that energy toward doing work in an instant,
giving you access to brief but powerful bursts of energy far beyond what you can
normally produce. There is, of course, an upper limit on how much energy any
flywheel can store: once a wheel rotates fast enough, it exceeds its own tensile
strength, tears itself apart, and all those shards fly off at an incredibly fast speed.
This is why a steel flywheel is safer than a cast-iron one: steel’s greater strength
minimizes the chance any flywheel inside your machinery transforms itself into
a surprise metal bomb.

You can increase the energy any flywheel stores by increasing either its size
or its speed. The energy stored in a rotating wheel is related to the square of its
speed, so a smaller fast wheel will get better results than a larger slow one. And
finally, while flywheels may seem old-fashioned, they aren’t just used on piston-
powered machinery: experimental flywheels were constructed by NASA in 2004
CE as a way to cheaply and reliably store energy in space. So technically, by
inventing the flywheel you’ve also taken the first steps toward your new
civilization’s space program. Nice!



10.5.4: STEAM ENGINES

v
The introduction of so powerful an agent as steam to a carriage on wheels will
make a great change in the situation of humanity.
—You (also, Thomas Jefferson)
WHAT THEY ARE

Engines that use the fact that water takes up more space when it’s boiled to get
things done, which is a technology so useful that when they finally got invented,
society restructured itself around these machines in an event we call “the
Industrial Revolution”

BEFORE THEY WERE INVENTED

If you wanted something done, you had to do it yourself, or get an animal to do
it, or pay someone else to do it, but you certainly couldn’t just boil some water
and call it a day

ORIGINALLY INVENTED

100 CE (steam-powered toys that were technically steam turbines)
1606 CE (earliest steam-powered water pump)

1698 CE (first practical steam-powered pump)

1765 CE (separate condensation chamber, commercialized in 1776)
1783 CE (steam-powered boats)

1804 CE (steam-powered trains)

1884 CE (reinvention of steam turbines)

PREREQUISITES

Iron (for boilers), cast iron (for piston rings and cylinders), steel, welding

HOW TO INVENT

Steam engines probably sound old-fashioned, but even today the vast majority of
electricity worldwide is generated with steam. The only real difference between
old-fashioned steam engines and our newfangled ones is instead of burning
wood in our boilers, we use coal, gas, or the godlike powers of the very atoms



themselves. That’s right: even with the civilization-ending power of nuclear
reactors at our disposal, we still mostly just use them to boil us up some water.

The earliest steam engines were invented without much scientific theory
behind how they worked, so merely by flipping through this section before you
decide to throw a steam engine together, you're already starting off on a better
foot than its original inventors ever did. It’s been said that science owes more to
the steam engine than the steam engine owes to science, and while that’s not true
(science don’t owe nobody nothin’), it does give you a sense of how much
humans were able to learn by studying these engines they’d invented, including
but not limited to the second law of thermodynamics.*

A steam engine is made of two parts:

e a boiler, which uses some form of combustion to boil water, producing
steam under pressure
¢ an engine that uses that steam to move a piston, turbine, or itself

The boiler part is easy, once you’ve got metal: just have airtight pipes of
water that run through your fire-heated combustion chamber (this is called a
“water tube boiler”) or have pipes of fire-heated gas that run through your
airtight and partially filled water chamber (“fire tube”). Either produces
pressurized steam (and introduces the risk of your boilers exploding, so, uh,
heads-up on that), but water tubes tend to be cheaper. Once you’ve got steam,
you can run it through a second combustion chamber to heat it up even more,
producing a superheated steam that carries more energy and can therefore do
more work. Superheated steam can also be cooled a bit without it condensing
back into water, which is great because then you don’t have to worry about water
clogging up your nice new steam engine all the time.

Putting steam to work in an engine can be done in a couple of ways, and the
simplest is to inject steam into a piston. A piston is simply a mass that moves
freely inside a cylinder, and it takes a little bit of precision engineering: you need
a metal cylinder that’s the same width all around, and a piston that’s just slightly
smaller so it can move freely within that tube.* To give this piston an airtight
seal, you can attach a cast-iron ring to your piston: a spring-loaded piece of
metal that makes constant contact with the cylinder. Before cast-iron seals,
pistons would have hemp tightly wrapped around their bases as a seal. Hemp is
dense, it doesn’t wear out quickly under friction, and it works almost—but not



quite—as well as a piston ring. Don’t worry: some leakage of steam is okay, and
your engine will still work, just not as efficiently.

When you take steam from your boiler and vent it into a piston, the steam
expands, pushing the piston up. As the steam cools it condenses, which causes
pressure in the piston to drop, and the outside air pressure to push that piston
back down again. Since you generally want this steam to cool quickly, squirt
cold water into the piston to speed up cooling. There’s your engine. The up-
down motion of the piston can drive a saw, power a pump, or be converted into
circular motion via a crank (see Appendix H).
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Figure 22: A machine that will power your civilization: the steam engine.

This brings your steam engine to the state of the art in 1698 CE, but if
you’re suspecting that heating and then cooling the same piston over and over
wastes a whole bunch of energy, then put on a deerstalker* and call yourself
Sherlock Holmes,* because your suspicions are correct! You can advance your
engine almost eighty years by changing its design so that the hot parts stay hot



and the cool parts stay cool. Do this by introducing a connection from your
piston to a separate condensation chamber, which gets opened by the piston
rising. The high pressure of the piston environment pushes the steam into the
condensation chamber, which you can quickly cool with a spray of cold water.
If you don’t want to build a piston, there’s another way to generate power
with steam, and it’s actually the first one humans discovered way back around
100 CE. It’s called an “aeolipile,” and you make one by boiling water and
directing the steam into a rotating sphere, with exit nozzles positioned like this:
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Figure 23: A machine that could’ve powered the ancient Greek civilization: the
aeolipile.

The steam coming out of the nozzles acts as jets, spinning the sphere. This is
a steam-powered rocket engine, but the Greeks who invented it never considered
it to be anything more than a toy. You’re about to show them up, because you’re
about to turn your aeolipile into a gosh-darned dynamo.

As you’ll see in Section 10.6.2, dynamos transform mechanical rotation into
direct current—electricity!—by exploiting the fact that wires moving through a
magnetic field get a current induced in them. By putting a motionless magnet




inside the sphere, and wrapping wires around the outside of your rotating sphere,
you’ll generate power. And if you don’t want to build aeolipiles, you can always
direct your jets of steam to fan blades on a turbine—similar to how you powered
your Pelton turbine with water—and you’ll generate rotational motion (and
electricity, if you want) that way instead.*

Here’s the bad news: all steam engines, whether piston-based, rocket-based,
or otherwise, are fundamentally inefficient. No matter what you do, lots and lots
of energy gets wasted as heat. Even with higher-pressure steam, condensers, and
multiple-expansion steam engines (engines that use steam to move a piston more
than once), your engines probably won’t get much better than 20 percent
efficiency. But even the most advanced steam engines in the modern era range
from just 40 to 50 percent efficiency, so don’t feel too bad: they still power our
world, and they’ll power yours just fine too.

The other major weakness of steam engines is their power-to-weight ratio.
All that metal and water in a steam engine is heavy, and while they work great in
buildings or in giant vehicles where their added weight isn’t a huge factor (think
trains and giant boats), they’re less useful in smaller vehicles like planes and
cars. For those scenarios, you’ll want to invent the lighter internal combustion
engine.

Steam engines are external combustion: you burn something outside the
engine to produce steam, then pipe that into your engine. Internal combustion
cuts out the middleman entirely, and instead has you blowing something up
inside the piston itself to move it. A volatile fuel gets mixed with air so it’ll burn
easily, which is pushed into a piston’s cylinder and compressed. An electrical
spark causes ignition, pushing the piston out, and as it resets exhaust gases are
expelled.* Each piston travels through this cycle of intake, compression,
combustion, and exhaust, so that one piston is firing as the others are resetting.
These engines are obviously a bit more complicated than steam engines (you’re
relying on a controlled series of explosions to drive your engine instead of good
old water), but the problems involved aren’t insurmountable. Four pistons in
series can be arranged so one is exploding as another is refueling—this gives
you more constant thrust—and cams on a rod can be used to coordinate intake
and outtake valves so that the pistons work properly in series. Another rod can
be bent and attached to each piston to coordinate their thrust, which itself is
connected to a flywheel to smooth out its motion (see Section 10.5.3).
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Figure 24: An internal combustion engine: piston 1 is combusting fuel, piston 2
is venting exhaust, piston 3 is intaking fuel, and piston 4 is compressing the fuel
in preparation to burn it. You’ll get there!

But before you rush toward inventing an internal combustion engine, keep in
mind: they’re more complicated to build, more expensive to run, and require
higher-grade fuel. In an era when you have to invent everything from scratch,
something like your steam engine—a machine that runs on water and is powered
by literally anything that burns—is invaluable.






10.6

“NO, I MEAN I’M SO LAZY I JUST WANT TO
FLIP A SWITCH AND HAVE MACHINES WORK
AS IF BY MAGIC”

For machines that run at the flip of a switch, you want a source of power

that’s instantly ready, silent, and invisible. You want electricity. Electricity
travels well, stores easily, and powers much of our modern world, including
everything from aircraft to automobiles.

It can power your world too.

Batteries use chemical reactions to generate power on demand, and some
can even be recharged by reversing the reaction. Generators rely on a simple
law of physics to turn physical motion into electrical power, and transformers
change electrical charges into more useful forms, all without a single moving
part. The generation, storage, and transformation of electricity is the technology
that allows your civilization, for the first time, to expand away from its sources
of power and settle almost anywhere on the planet. Electricity allows you to
conquer the world.

And you’re only one page away from discovering it!



10.6.1: BATTERIES

v
Magnetism, as you recall from physics class, is a powerful force that causes
certain items to be attracted to refrigerators.
—You (also, Dave Barry)
WHAT THEY ARE

A way to generate and store electrical current

BEFORE THEY WERE INVENTED

If you wanted portable electric power, you needed to carry around electric eels,*
and they’re not exactly practical and predictable energy sources

ORIGINALLY INVENTED
1745 CE (first “batteries” that stored static electricity)
1800 CE (first chemical batteries that produced current)

PREREQUISITES

metal (for wires, copper is very pliable and can be stretched out into wire shapes
pretty easily), metal (for batteries, copper or silver for one end and iron or zinc at
the other work great)

HOW TO INVENT

To understand your battery you’ll need to understand electricity, and to
understand electricity you’ll need to know about magnetism too. Humans used to
think electricity and magnetism were two different things, but then when we
found out they were so connected that you can’t get one without the other, we
joined them together in our heads and called that new force “electromagnetism.”
The discovery and use of electromagnetism drove the second Industrial
Revolution, which (for the second time, as you may have guessed) reinvented
the way humans lived. Before electromagnetic technology, everyone had to
either live right beside a source of fuel (forests for wood, mines for coal, rivers
for waterwheels, etc.), or else pay to have those fuels delivered to them.
Afterward, energy could be shipped across the country at anywhere from 50 to



99 percent of the speed of light,* and people could now live comfortably
anywhere we could run a wire to. In short, mastery of electromagnetism will
allow your civilization to expand beyond riversides and mines to conquer the
continent, the planet, and eventually time itself.*

So here’s how you do that!

Electricity is the movement of charged particles, usually electrons (and you
can see “What are things made of?” in Section 11: Chemistry for more
information on those bad boys). Electrons have a negative charge, so something
with a lot of electrons will itself be negatively charged, and whatever material is
losing those electrons will gain a positive charge. Remember: similarly charged
particles will push each other apart, while opposite-charged particles will draw
each other together.

Some materials let electrons move through themselves easily (these are
called “conductors,” and metals like copper, iron, silver, or zinc are great ones),
and some keep them tightly in place and resist carrying a current (these are
called “insulators,” and glass, rubber, and wood are all decent examples of
those). But under normal conditions, the movement of electrons in a conductor is
completely random. To generate electricity, you need to somehow get those
electrons all moving the same way. We call this an “electric circuit”—because
the electrons move in a loop—and you’re so great that you’re going to invent the
first electric circuit and the first battery at the same time.

Batteries are really easy to come up with once you’ve got metal, so again,
it’s pretty embarrassing it took us until 1800 CE to figure them out. They convert
chemical reactions into electrical energy, and work by managing how two metals
react with each other. Any two different metals have different affinities for
electrons, so if you put them in a conducting solution, a chemical reaction will
take place in which those electrons are exchanged. This conducting material is
called an “electrolyte,” and it can be many things: acid, saltwater, or even a
delicious potato. Most salts, bases, and acids will do the job, and you can make
sulfuric acid—a particularly good electrolyte—in Appendix C.12.

The metal that wants more electrons will draw them from the other, causing
that metal (called a “terminal”) to gain a negative charge while the other
becomes positively charged. These negatively charged electrons gathering in the
electron-hungry terminal repel each other, so if you connect a wire between that
terminal and the positively charged one, the electrons will “escape” the crowds
by running along that wire toward the positive end. Hey, you just induced



electrons to move in the same direction along your conducting wire! My friend,
you’ve just made electricity.*

You’ll use electricity to invent electric lighting, electric heating, electric
cooking, electric engines, and more—and in just a few paragraphs too—but for
now sit tight, because we’re not quite done with your new battery yet. It uses a
chemical reaction to generate power, but eventually those metals will react all
they can, and your battery will die. Hey, you want to keep going and invent
rechargeable batteries in the same day? Why not, right?

Lead-acid batteries, first invented in 1859 CE, are like the two-terminal
battery you just invented, but use lead-based terminals instead, which sit in an
electrolyte that’s a 3:1 mixture of water and sulfuric acid. One terminal is pure
lead, and the other is lead dioxide. These metals react with sulfuric acid to
produce lead sulfate at both terminals, but this reaction requires that the two
terminals exchange electrons. So when you connect these two terminals with a
wire, you’ll generate electricity along that wire for as long as that reaction takes
place. And critically, when you reverse the process and run electricity into the
battery, the reaction runs in reverse: lead sulfates dissolve back into the
electrolyte, and you reproduce your two terminals: pure lead at one end, and lead
dioxide at the other. This reversible reaction means you’ve effectively stored
power in this battery for future use!*

So now you’ve got batteries that generate new power, and another kind that
store existing power. And while batteries are great to experiment with, build
upon, and eventually power the latest mass-market portable music players with,
the fact is: you don’t build a civilization on batteries. What you build a
civilization on is a way to generate power that doesn’t require someone to mine
certain metals or synthesize different acids just to turn on the lights. In other
words, you build them on electrical generators, otherwise known as power
plants. And the best part is, if you already read up on waterwheels, windmills, or
turbines, you’ve basically already invented them.



10.6.2: GENERATORS

We will make electricity so cheap that only the rich will burn candles.
—You (also, Thomas Edison)

WHAT THEY ARE
A way to produce energy, up to and beyond 1.21 gigawatts

BEFORE THEY WERE INVENTED

The only way to get 1.21 gigawatts of electricity was to wait for a bolt of
lightning, and unfortunately, you never know when or where one’s ever gonna
strike

ORIGINALLY INVENTED

1819 CE (electricity and magnetism recognized as a united phenomenon called
“electromagnetism”)

1821 CE (first electric motor)

1832 CE (first dynamo to generate electrical power from motion)

PREREQUISITES

metal; waterwheels, turbines, or other ways to generate rotational motion

HOW TO INVENT

We’ve been focused on the electricity part of electromagnetism, but here we’ll
take advantage of the fact that every electrical current also generates a magnetic
field. You can prove it by placing a compass (Section 10.12.2) next to a wire: the
instant that wire starts carrying current, that compass will move. Incidentally, by
doing this you just used magnetism to turn electrical power into physical
movement, which unlocks all sorts of inventions. Trivially, you can use it to
make the world’s first tools to measure and quantify electrical power. Getting a
bit more complex, if you wrap your electrical wire around an iron core, you’ll
enhance the wire’s magnetic field, thereby producing the world’s first
electromagnet: a powered magnet you can turn on and off. Mount a magnet so it
can rotate freely, put it between electromagnets on opposite sides, and turn them




on and off in sequence, and your magnet will spin for as long as you run power:
this is the foundation of the electric motor.

These inventions work by using electricity to produce movement in a
magnetic field, but the opposite is also true: you can use movement in a magnetic
field to induce an electrical current. That’s the foundation for generators, which
you technically already invented in Section 10.5.4: Steam Engines when you
turned an aeolipile into a dynamo, and it’s still the basis of power production
today. The core mechanic is incredibly simple: get something to rotate, wrap that
rotating thing in coils of wire, put a magnet in the middle, and you’ll generate
electricity. The electricity generated this way is called “alternating current” (or
AC), because the electrons move back and forth along the wire with each
rotation. (This contrasts with the “direct current” [DC] you were making with
your batteries.) That’s all it takes to invent a generator. Conveniently, AC works
better than DC for long-distance transmission, but that didn’t stop a War of the
Currents in our history, when different American corporations, backing
competing AC and DC power systems, tried to convince the public that it was
the other electrical standard that was dangerously deadly.*

You can transmit your power from your generation stations along wires, but
you’ll hit a limitation: any conductor has some resistance, which is the loss of
electrical power to heat. This means that any wires can carry only so much
power before they start heating up and, if it goes too far, melting. You can
productively use this resistance to invent the toasters, stoves, ovens, electric
heaters, hair dryers, and lightbulbs we teased earlier,* but to send power long
distances, you’ll need to adjust the nature of that power. That’s where
transformers come in. You should definitely invent those next!




10.6.3: TRANSFORMERS

Let the future tell the truth and evaluate each one according to his work and
accomplishments. The present is theirs; the future, for which I really worked, is
mine.

—You (also, Nikola Tesla)

WHAT THEY ARE

A way to safely manipulate electricity to make it safe for transport

BEFORE THEY WERE INVENTED

Moving electricity long distances was wasteful and dangerous, but to be honest
most civilizations invent transformers pretty quickly after figuring out electricity,
so you probably should too

ORIGINALLY INVENTED

1831 CE (principles of magnetic induction discovered)
1836 CE (first transformer invented)

PREREQUISITES

electricity, metal

HOW TO INVENT

We’ve been discussing electricity without using a lot of units (mostly because
they’re named after people who from your perspective likely haven’t even been
born yet, and who wants to give them all the credit), but we’ll introduce one
here: the volt. The volt measures a difference in electrical potential energy
between two points in a circuit. If you think of electricity like water, then your
wires are pipes, current is the amount of water moving through those pipes, and
voltage is the pressure driving the water along. If you want more water from a
pipe, you can either increase its size, increase its pressure, or both.*

The same holds true for electricity: the power you get is a factor of current
times voltage. The catch is, the more current you have, the more heat a wire is
going to generate, and the closer you are to it melting. This leaves you, like in



water pipes, with two options: you can either make your pipes bigger (thickening
your wires to increase the amount of current they can carry before melting) or
increase their pressure (i.e., increasing your voltage). High-voltage wires are
more dangerous to be around,* but if you could transform your electricity up to
high voltage for cross-country transportation—away from people and their
curious, grabby, wire-touching hands—and then transform it down to safer lower
voltages for use, you’d be set.

Transformers are simple, since they have no moving parts (except, of course,
the electrons moving through their wires). Make a large square ring of iron. Coil
an insulated wire connected to your incoming alternating current around one
side. On the opposite side, make another coil to transmit your outgoing current.
The two coils of wire aren’t connected electrically, but when current runs
through your incoming coil, it’ll create an electromagnetic field (just like we saw
before) that’ll induce the electrons in your outgoing coil to move too. At this
point your latest invention doesn’t transform electricity (yet), but it does use a
magnetic field to wirelessly transmit electricity over a short distance.

The real magic comes when you change the number of coils in your
outgoing circuit. If the two circuits have the same number of coils, currents and
voltages in both wires will be identical. But if there are more coils in your
outgoing wire, then the charge induced there will have decreased current and
increased voltage, making it ideal for long-distance transmission. If there are
fewer, you’ll decrease your voltage and increase your current, making your
electricity ready for local use. Voltage is directly proportional to the number of
coils, so a 3:1 ratio of coils in and out will produce an outgoing current at one-
third the voltage as incoming. Turns out, iron and some coiled-up wire is all it
takes to transform electricity, and it’s all possible because electricity and
magnetism are two sides of the same coin! Thanks, electromagnetism.

So with the other inventions in this section, you can now produce, transmit,
store, and transform electricity. It’s worth noting that just as batteries could’ve
been invented at any point in history once basic metals were discovered, so too
could’ve power plants and transformers. Even when humans had invented
waterwheels and windmills, they still used them to generate direct force—
turning wheels, moving cranks—for more than two thousand years before
anyone thought of inventing the dynamo and producing a much more versatile
and transmittable electric current. With your knowledge of the steam engine and
the dynamo, you now have the ability to produce two distinct industrial
revolutions in your society at any point in history you choose.






10.7

“IT’S LATE AND I’M COLD, AND I’D LIKE TO
KNOW HOW LATE AND HOW COLD IT IS”

Clocks are the first inventions that allow you to precisely quantify time.
This, it turns out, is a surprisingly deep subject—even in a world that
predates the invention of rental-market time machines. And once you have glass,
you just need a little cleverness and a little water to invent thermometers and
barometers, which let you quantify heat and pressure for the first time too.
Wanting machines to tell you the temperature and time may, given your
current circumstances, seem like superficial and even useless desires, but they
aren’t. The technologies in this section unlock leaps forward in fields as
disparate as manufacturing, chemistry, medicine, and even weather prediction,
which you will definitely want to have sooner rather than later. And while the
digital clocks you remember from the world you left behind might seem more
advanced than the ones you’re about to invent, don’t worry.
You’ll soon make up for lost time.



10.7.1: CLOCKS

v

Being with you and not being with you is the only way I have to measure time.
—You (also, Jorge Luis Borges)

WHAT THEY ARE

An actual time machine—though only in the “What time is it?” sense, not in the
sense of “Finally, at long last, instructions for a device that will return me to my
native time.” Sorry.

BEFORE THEY WERE INVENTED

The passage of time was not quantified, which meant it was measured in more
qualitative ways, like “from sunrise to sundown.” On the plus side, if someone
asked you what time it was and you lied to them, they could never prove you
wrong.

ORIGINALLY INVENTED

1600 BCE (water clocks)

1500 BCE (sundials)

350s CE (hourglasses in ancient Greece)

700s CE (hourglasses rediscovered in Europe)
1300s CE (hourglasses common in Europe)
1656 CE (pendulum clocks)

1927 CE (quartz clocks)

PREREQUISITES

pottery (for water clocks), glass (for hourglasses), latitude and compasses (for
sundials)

HOW TO INVENT

Modern wristwatches use tiny pieces of quartz to keep time: it’s the second-most
abundant mineral on Earth, and it has a useful property called “piezoelectricity.”
When you squeeze a quartz crystal, a small amount of electricity is generated—

and when you do the reverse and run a small amount of electricity through



quartz, the crystal vibrates at a predictable rate. This allows the construction of
cheap electronic clocks, and in the modern era tiny pieces of rock vibrating
32,768 times per second are the world’s most widely used timekeeping
technology. But since you don’t have modern electronics or quartz crystals,
you’ll be relying on simpler inventions to duplicate modern clocks.

A clock actually has two functions. A properly set clock can tell you what
time it is, but even a watch set to the wrong time can measure how much time
has passed since a given moment. If you’re just interested in tracking the
passage of time, then much simpler inventions—Ilike water clocks—can solve
your problem.

Water clocks were the first clocks invented, and the simplest versions are
dead easy: just poke a tiny hole in a container of water. You’re done! Water will
drip out at a (reasonably) constant rate, and so by marking the fill line, and then
measuring how much water drains from your bucket over different units of time,
you can measure minutes, hours, and with a gigantic-enough bucket, even days.
Until the invention of pendulum clocks in the 1600s CE, water clocks were the
most accurate and commonly used devices to measure time, so you’re doing
great.

Hourglasses work on the same principle as water clocks, but use sand
instead of water, and recycle the sand every time you turn them over. A few
handfuls of sand, with a hole small enough to limit sand consumption but large
enough to avoid jamming, will track—you guessed it—about an hour, and you
can add or remove sand to get the exact unit of time you’re interested in. If you
have an hourglass you can technically measure as many hours as you want—just
flip it over when the sand runs out and mark down how many times you’ve
flipped it—but this requires constant vigilance, and errors are going to creep in.

To avoid having to flip over hourglasses or refill water clocks, you’ll want to
invent the sundial, which (during sunny days, at least) indicates the time of day.
Sundials are easy to build—just shove a stick in some flat ground and mark its
shadow over a day and you’ve built one—but they’re a bit complicated to get
right, especially if you want to know precisely what hour it is (which we imagine
you do, because otherwise you could just glance up at the sun, say, “Loooks about
quittin’ time,” and leave it at that).

First, rather than shoving the sundial stick straight into the ground, you’ll
stick it in at an angle equal to your latitude (which you can determine in Section
10.12.3: Latitude and Longitude), and positioned so it’s pointing toward true
north (which you won’t know, but magnetic north is a good approximation in




most time periods: see Section 10.12.2). If you’ve done this accurately, then the
stick’s shadow at noon will always be directly underneath it, and 6 a.m. and 6
p.m. will always be at 90-degree angles to it on either side. To get the angles for
the remaining hours, use the following formula, where [ is your latitude and h is
your hour:

angle = tan(sin [ % tan h)

Didn’t memorize your trig tables before you went back in time? No worries:
it’s crazy to do that, and full tables are included in Appendix E to make this
calculation easy.

There is a catch, though: even after all this measurement and math, your
sundial still isn’t going to be accurate. If you have a watch to compare it to (and
hopefully you do, because staring at your watch in horror is de rigueur in the
time traveler aesthetic), you’d see your sundial varies in inaccuracy throughout
the year, becoming up to around fifteen minutes fast or slow. Great news: for
once this isn’t your fault, and these errors aren’t happening because you made
your sundial poorly!

They’re happening because the sun is lying to you.

Or, more precisely: the Earth is causing the sun to lie to you. The planet’s
conspiring to mess up your sundial in two different ways. The first happens
because Earth’s yearly orbit around the sun isn’t a perfect circle the way we like
to imagine it: it’s actually very slightly oval, with the sun a little off to one side.
This ovalness is called “eccentricity”:



CIRCULAR ORBIT ECCENTRIC ORBIT

Figure 25: Circular and eccentric orbits. These images should not be taken
literally, as they are exaggerated for illustrative purposes. Earth’s eccentric orbit
is not nearly so extreme, for example, and usually the Earth itself is larger than a

few millimeters tall.

In eccentric orbits, planets don’t always orbit at the same speed: rather, they
speed up as they orbit close to the sun, and slow down as they orbit farther
away.* Earth’s eccentric orbit causes the sun to appear at the same spot in the
sky up to eight minutes earlier or later than it would with a perfectly circular
orbit, which means your sundial is going to be up to eight minutes off true time
at different points in the year.

The other factor is the Earth’s angled rotation. Rather than rotating straight
up, like a top, it actually rotates on an angle, about 23.5 degrees off vertical.*
This is called “axial tilt,” and it causes the sun to appear higher and lower in the
sky at the same time of day, adding up to ten minutes of error to your sundial.
Eccentricity alters the apparent time of the sun on a one-year cycle, while axial
tilt does it on a half-year cycle, like so:



EFFECT OF ORBITAL ECCENTRICITY EFFECT OF AXIAL TILT
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Figure 26: The separate effects of orbital eccentricity and axial tilt.
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So at one point in the year the eccentric orbit might be subtracting a certain
number of minutes, while the axial tilt might be adding some. By combining
these two charts together we can see their cumulative effect, showing what
adjustments you need to make to the apparent time on your sundial to actually
get accurate time!*

COMBINED EFFECTS OF ORBITAL
ECCENTRICITY AND AXIAL TILT
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Figure 27: The combined effects of orbital eccentricity and axial tilt.

There is, of course, one more catch: both orbital eccentricity and axial tilt
slowly change over time, and the Earth itself is precessing too (which means it’s
very slowly wobbling like a top: see Section 10.12.3 for more). If you apply this
chart without adjusting for your current time period, you’ll introduce a few
seconds of error for every century you are away from the present, which quickly
adds up. You can attempt to alter this chart (built for Earth’s current eccentricity,
axial tilt, and precession) by factoring in the following measurements3? of how
they’ve changed over the past 1 million years . . .




EARTH'S ECCENTRICITY BACK TO 1 MILLION BCE

9,000,000 7,000,000 5,000,000 3,000,000 1,000,000
BCE BCE BCE BCE BCE

EARTH'S AXIAL TILT BACK TO 1 MILLION BCE

9,000,000 7,000,000 5,000,000 3,000,000 1,000,000
BCE BCE BCE BCE BCE

EARTH'S PRECESSION BACK TO 1 MILLION BCE
360°

B LB

9,000,000 7,000,000 5,000,000 3,000,000 1,000,000
BCE BCE BCE BCE BCE

Figure 28: A million years of data to measure Earth’s movement, here reduced
to a few squiggly lines in a chart.

.. . but at this point it’s probably worthwhile to tell you that you don’t
actually need to know exactly what time it really is anyway, and that the fifteen
minutes of error we’re going to such lengths to correct honestly don’t matter.

It’s only in the last few centuries that accurate time measurement became at
all important, and then initially only to calculate longitude at sea: a requirement
you’ll be sidestepping entirely (see Section 10.12.3: Latitude and Longitude).
Even today, the vast majority of humans live their lives not according to what
time the sun actually says it is but rather to a mere approximation of that time.
That’s what time zones are: groups of people agreeing to pretend it’s a single
time across large areas of the planet, thereby doing away with the confusion that
comes from each town keeping its own slightly different times by the sun. Time




zones were first used within nations in 1847 CE, and worldwide time zones were
proposed a few decades later. Invent time zones now and not only will the
approximate time your unadjusted sundial produces do just fine, but you’ll also
save yourself a bunch of math homework.



10.7.2: THERMOMETERS AND
BAROMETERS

)

You will hear thunder and remember me, and think: “she wanted storms.’
—You (also, Anna Akhmatova)

WHAT THEY ARE

A way to measure heat (thermometers) and pressure (barometers)

BEFORE THEY WERE INVENTED

People just kind of guessed at how hot things were, what temperatures they were
cooking at,* and what the weather was going to be like

ORIGINALLY INVENTED
1593 CE (water thermoscope)

1643 CE (barometer)

1654 CE (alcohol thermoscope)

1701 CE (the idea of temperature scale)
1714 CE (mercury thermometer)

PREREQUISITES

glass, a liquid (water, alcohol, oil, wine, mercury, urine—all these and more have
been used)

HOW TO INVENT

Both thermometers and barometers measure things that would otherwise be
invisible, and you can invent both of them with just water and glass. For
thermometers, the property we’ll be exploiting is the fact that (most) liquids and
gases expand when they’re heated and contract as they freeze: measure this
expansion and contraction, and you can measure temperature!

The first thermometers weren’t that far from what you’d recognize today:
long glass tubes with a ball at one end, with the open end of the tube placed in a
bucket or lake when the ball was hot. The air in the ball would contract when



cooled—pulling water up the tube—and expand when it was warmed, pushing
water down. The problem was, there was no scale: all this device could tell you
was whether things were getting warmer or colder. These were thermo-scopes (a
way to see temperature), rather than thermo-meters (a way to measure it).

Knowing humanity’s track record as you now do, you will not be surprised
that it took more than a hundred years after thermoscopes were invented for
anyone to think of applying a fixed scale to them. Two men (Isaac Newton and
Ole Rgmer) finally came up with this idea independently in 1701 CE, but
Rgmer’s scale was better: Newton used a lot of subjective temperature
references (“the heat at midday about the month of July”: what the heck,
Newton?) while Rgmer at least used constants like the freezing and boiling
points of water as the basis for his temperature scale.*

There’s another problem: since the water in a thermoscope is open to the air,
it’s also susceptible to changes in pressure, which actually makes this invention a
combination thermoscope and barometer, or “thermobaroscope.” Sealing the
glass solves this by removing air pressure as a factor. With a sealed glass ball at
the bottom filled with liquid, and a glass ball at the top filled with air, you can
produce a thermoscope immune to changes in pressure. Put a scale on the
outside, and you’ve made a thermometer. Ta-da!

The problem is this: water is weird and doesn’t expand and contract linearly.
Like most things it gets denser as it cools, but as you drop below 4°C it actually
expands, which is why ice floats on water instead of sinking: ice is less dense
than water.* This makes water suboptimal for thermometers: measurements
between 4°C and 0°C will be off, and you won’t be able to measure anything
below 0 degrees because your thermometer will be frozen. Modern
thermometers use mercury—which expands dramatically with heat, boils at a
distant 357°C, and doesn’t freeze until 38 degrees below zero—but you probably
won’t have any of that for a while.* Alcohol (see Section 10.2.5) expands more
linearly and freezes way down at -173°C, but it boils at a mere 78°C, which is
less convenient. You can always use more than one thermometer: alcohol
thermometers for cold temperatures and water thermometers for warmer ones.
Alternatively, wine—a delicious mixture of water and alcohol—has been used to
mitigate the effects of alcohol’s low boiling point and water’s weirdness.

So that’s thermometers! Barometers are basically the same, as you saw
earlier when we invented a combination barometer/thermometer by accident.
Take a hollow tube, fill it with liquid, seal one end, and put the open end in a
body of the same liquid: that’s a barometer. The weight of air pushes down on




the liquid outside the tube, which prevents all the water inside the tube from
draining out.* Higher densities of outside air cause water to rise in the tube—
which is how the barometer measures air pressure—and the vacuum at the top
allows the water to expand into the tube easily. And while this barometer works
well with liquid mercury, if you use liquid water—a more easily available but
much less dense substance—you’ll need a tube that’s around 10.4m high for it to
work: any shorter and all the water will run out of the tube before the outside
water holds it in place.* A more clever approach for using water to measure air
pressure is the following design, called a “Goethe barometer.” It was invented by
a human named Johann Wolfgang von Goethe in the early 1800s CE, but is now
going to be invented by a human named your name in whatever time period
you’re in:

HIGH LOW
PRESSURE PRESSURE

Figure 29: Behold, your latest invention: a good barometer.

This is just a glass container with a spout, open to the air, that reaches up and
above the container itself. Lay the barometer on its side and begin to fill it with
water: you’re getting water into it while allowing whatever air that water is
displacing to escape, so the air left inside will still be at your current atmospheric
pressure. Once it’s halfway full, turn it upright. Water will fill the bottom of your
barometer, trapping the current-pressure air inside. The spout indicates pressure:



if the outside air pressure is lower than when you filled your barometer, the
water in the spout will rise, because the air inside the barometer is under
comparatively higher pressure. Similarly, if current air pressure is higher, the
water in the spout will drop. Fill your barometer with water on a calm, average-
pressure day and you’ll have a terrific barometer that’ll work for as long as you
keep it filled with water: you’ll need to top it up through the spout occasionally
to account for evaporation.*

Your main use for barometers will be in predicting the weather, and you
don’t even need units for that: a rapid drop in pressure is associated with clouds,
winds, and storms, and a rapid increase in pressure indicates that bad weather is
about to be pushed away. Hey, you just invented short-term weather prediction!
For longer-term weather prediction you’ll need more complicated technology,
but don’t worry about it too much: predicting Earth’s weather long-term is not
just difficult but actually impossible. Even with the entire atmosphere filled with
a perfect lattice of point-sized sensors from the surface all the way up to 100km
above land, each positioned 1mm apart, and even with all the data they gather
computationally processed in an instant, long-term predictions still quickly
become inaccurate. Errors grow in scale from 1mm to 10km in less than one day,
and from that to planet-sized inaccuracies within only a few weeks.2! You will
likely discover that it’s much cheaper, and of approximately equal predictive
power, to answer all long-term weather questions with a simple “Sunny, with a
chance of clouds.”






10.8
“I WANT PEOPLE TO THINK I’M ATTRACTIVE”

While there are no grooming or fashion tips included here per se (though

we will say that however you present yourself and whatever you choose to
wear, confidence is always attractive), we have included instructions on
inventing the technologies needed for looking good. This gives you the
opportunity to reinvent good taste from the ground up in whatever style you
choose.

Soap is an easy way to keep yourself looking (and smelling!) your best and
has the side benefit of curtailing the spread of illness in your civilization and
dramatically reducing the risk of infection too, so that’s nice. Buttons are a
trivial way to produce form-fitting clothes that still took humans thousands of
years to figure out. You can use tanning to convert animal hides into sturdy,
protective leather, which is useful in manufacturing clothing, boots, water
bottles, and more. And finally spinning wheels convert natural fibers into
thread, which can be sewn to produce clothing as humble as a potato sack and as
fancy as a kimono made from the finest silks. Your civilization can really have it
all.

After all . . . while you may be trapped in the past, that’s no excuse for not
looking fabulous.



10.8.1: SOAP

Things are beautiful if you love them.
—You (also, Jean Anouilh)

WHATIT IS

A substance that keeps you clean, in both the “get that dirt off you” sense and the
“thanks to the germ theory of disease we know that even superficially clean skin
can still carry harmful microbes so wash your dang hands with soap and water
before you stick them in your mouth” sense

BEFORE IT WAS INVENTED

Washing, bathing, bacteria-avoidance, and general cleanliness were more
difficult, because there was no substance that would lift up oils in water. On the
plus side, you could visit your grandparents and say whatever swears you
wanted all day long and they couldn’t wash your mouth out with anything.

ORIGINALLY INVENTED
2800 BCE

PREREQUISITES

for lousy soap: olive oil and lime (see Appendix C.3); for better soap: potash or
soda ash, salt; for great soap: lye

HOW TO INVENT

The olive-oil-and-lime “soap” (the “lousy soap” mentioned above) is the easiest
to make: just mix olive oil and lime together (or sand, if you don’t have any
lime), rub it all over, then scrape it off. This isn’t so much a soap as it is a
“lubricating grease,” but it has been used in ancient cultures to help clean skin.
It’s obviously less useful elsewhere: cleaning clothing by rubbing a mixture of
sand and oil into it can, at best, be described as “minimally efficient.”

To make actual soap, you’ll need potash, soda ash, or lye: these are alkalines
you can produce easily with Appendix C. An alkaline is a substance that at the
atomic level accepts protons from any chemical donor: they’re the opposite of



acids, which are substances that donate them.* A neat thing happens when you
combine alkalines with oils or fats: you induce a chemical reaction called
“saponification.” During saponification, the fats chemically combine with the
alkalines to form new molecules: long and skinny hydrocarbon chains.* These
chains have a cool (and for you, very useful) property: one end loves water and
hates oil, while the other end hates water and loves oil.*

You probably already know that oil and water repel each other. Put water
inside a greasy pot (or on your greasy, greasy skin) and you can see what
happens: the oil and fats compress at the bottom, or float to the top, but they
don’t mix. That’s why water doesn’t give you much help in removing grease,
which is what drove us (and now, you) to invent soap in the first place.

When your saponified substance (i.e., your soap) meets fats and oils, your
hydrocarbon chains surround the grease with their oil-loving ends, forming a
tiny sphere around all the grease they can find. Since their oil-loving ends are
attached to the grease, that means their water-loving ends point out, which
effectively coats grease in a microscopic water-loving shell. Your grease, now
water-soluble, lifts up from whatever surface it was attached to and is ready to be
rinsed away. These shells (called “micelles”) looks like this:
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Figure 30: Micelles, which are what make soap possible.

And now that you can explain in detail why soap works—which puts you
well ahead of the rest of humanity that made and used it for thousands of years



before anyone knew what it was doing—here’s how you make it!

The easiest soaps are made with potash and soda ash (see Appendices C.5
and C.6, respectively): just mix them in a pot of boiling fat. Use the fat and
grease from whatever animals you’re eating, but don’t forget to purify them first
in a simple but stinky process called “rendering.” Take your collected fats and
grease, chop them up, put them in a pot, add an equal amount of water, and boil.
The fats will melt into the water: once they’re all melted away, add more water
(about the same amount as the first time), and let your pot cool overnight. The
fats will rise to the top of the water—we’re using the fact that oil and water don’t
mix to our advantage here—and the impurities will sink to the bottom. That top
layer of purified fats is what you’re interested in.

Scoop that off, put it in a new pot, bring it to a boil again, and add in your
potash or soda ash. Stir until it’s well mixed, which can actually take several
hours. Now you’ve got two options: you can let it cool, which produces a soft,
jelly-like brown soap, or you can throw some salt in and then let it cool. This
causes little pieces of soap to solidify out of the liquid and congeal on top, which
will give you a harder, more pure soap that’s also easier to store. You can
optionally purify your hard soap even further by boiling it in water and doing
that salt trick again to precipitate it out.

You’ll make the best soaps with lye instead of potash or soda ash. Lye is
more strongly basic, so it makes more effective soaps. It can be tricky to know
when you’ve got lye in the right concentration, but historically soap makers have
used the test of “will an egg or a potato float in it” as a rough metric for the
proper concentration. Add more water to a lye to weaken it, and boil it down to
strengthen it. And that’s it! You’re done! You’re a soap master!

Soap will allow you and your civilization to keep infection and disease at
bay with much greater effectiveness than you could without. You also have the
advantage of inventing this stuff in the right order: usually surgery is invented
before humans figure out that washing their bacteria-covered hands in soap and
water before shoving them inside another human is a good idea,* so you’re
doing great. For an extra-tough clean, use alcohol (Section 10.2.5)—it’s also an
antiseptic and can be used after washing with soap to get that surgery-level clean
doctors crave.




10.8.2: BUTTONS

It is ever so much easier to be good if your clothes are fashionable.
—You (also, L. M. Montgomery)

WHAT THEY ARE

A way to fasten clothes shut, as well as temporarily seal things together. They’re
also used for fashion purposes!

BEFORE THEY WERE INVENTED

Clothing was either held closed by rope, or if not it was really baggy and
shapeless because you needed to be able to get it on and off over your head

ORIGINALLY INVENTED
2800 BCE (for decoration)
1200 CE (as fasteners)

PREREQUISITES
thread

HOW TO INVENT

Buttons are created by taking any rigid material (wood and seashells work well)
and loosely fastening them to a piece of clothing. Then—and this part is critical
—ryou simply weave, knit, or cut a hole into another part of the clothing that you
want to seal, and then the button can slide through it and clasp it shut.

Look, you know how a button works. We don’t need to explain this. They’re
one of the simplest practical inventions we have . . . but figuring out how buttons
work still took humans more than four thousand years.

Since 2800 BCE, buttons were used as “nice shells that we put on our
clothes to look good” and it was only around 1200 CE in Germany when
someone finally realized they also had a practical purpose. That’s multiple
millennia in which humans walked around with buttons sewn on their shirts,
thinking they all looked pretty sharp, when actually they looked like big idiots
who didn’t even know how a button works.



Buttons could’ve been invented at just about any point in human history.
Save humanity from doing the cultural equivalent of walking around with our fly
down for four thousand years straight. Invent buttons already.

Figure 31: A button. There. Now you have no excuse.



10.8.3: TANNING

I remember a very important lesson that my father gave me when I was twelve
or thirteen. He said, “You know, today I welded a perfect seam and I signed my
name to it.” And I said, “But, Daddy, no one’s going to see it!” And he said,
“Yeah, but I know it’s there.”

—You (also, Toni Morrison)

WHATIT IS

A way to transform animal skins from rotting flesh into rich Corinthian leather

BEFORE IT WAS INVENTED

Animal skins broke, stank, rotted, and were less comfortable to wear. Plus: no
cool leather jackets.

ORIGINALLY INVENTED
7000 BCE

PREREQUISITES

trees (for tannins), animal husbandry (optional, but it gives you a steady source
of hides), salt (optional)

HOW TO INVENT
You might think, “Oh, I’m trapped in the past, time to kill a lion and do that
thing where you skin it and then put its head on top of your head so you can
wear a lion’s head like a hat.” This is a bad idea. Without tanning, animal skins
quickly rot, and even dried ones become hard, inflexible, and brittle. Tanning
transforms these skins into leather: a substance so resistant to rot that leather
shoes from 3500 BCE have survived into the modern era. It’s something you’ll
definitely want to do, but you should keep in mind that preparing animal skins
for tanning involves not only skin fermentation but also soaking them in urine
and massaging them in poop slurries, so maybe set up your tanneries downwind.
Immediately after slaughtering the animals, lay the skins flat and cover the
fleshy side in salt or sand, which will dry them out and delay decomposition. In



a few days the hides will become hard and almost crispy, and they can then be
transported to your tanning area. Once there, you’ll soak the hides: this cleans
off dirt and gore and softens them up again. Scour the skins to remove any
remaining flesh, then soak them in urine—this loosens the hair, which can then
be scraped off. You’ll make the poop slurry we advertised earlier by mixing poo
and water,* and then soak your skins in that: enzymes in the poop will cause the
skins to ferment, softening them and making them more flexible. You can help
this process by standing in your poop slurry and kneading the skins with your
feet—just keep telling yourself you’re crushing grapes—but be sure to wash up
with soap and water afterward, or better yet use nonhuman power (like a
waterwheel) to knead the skins for you.

After all this, two things will have happened: your animal skins will be soft,
flexible, and ready for tanning, and nobody will want to get anywhere near you.

To tan these skins, you’ll need to collect some appropriately named
“tannins,” which come from trees containing the equally appropriately named
“tannic acid.” The bark from oak, chestnut, hemlock, and mangrove trees is high
in tannin, as is the wood of cedar trees, redwood trees, and more. Tannins are
brown, so if you’re using wood instead of bark, look for red- or brown-colored
wood, and keep in mind that hardwoods generally contain more tannin than
softwoods. To extract tannins, shred your wood or bark and boil it in water for
several hours. If you’ve produced it already, adding baking soda (Appendix C.6)
to your water will make it more basic, which will draw out the tannins more
effectively. You can repeat this process several times with the same bark to
produce more dilute tannic solutions.

After all this, the tanning process is actually the easiest part: just stretch the
animal skins out and immerse them in your tannic solutions of gradually
increasing concentrations for a few weeks. During this process, the stretched-out
skins trade their moisture for tannins, altering the hide’s protein structure to
make it more flexible, more resistant to rotting, and water resistant. And that’s it:
you’ve produced leather! Leather’s useful not just for cool jackets; it’s also for
shoes, boots (you can make both entirely out of leather), harnesses, boats,
canteens (leather can hold water without leaking, and it won’t break when you
drop it like pottery does), whips (fun fact: a whip-crack is actually the sound of a
small sonic boom when the tip of the whip exceeds the speed of sound, so
technically you’re already inventing supersonic technology), and protective
armor.



If you prepare your skin but don’t tan it, you’ll produce rawhide, which
softens when wet but which has the useful property of hardening and contracting
when dry. You can exploit that for binding: to attach a blade to a stick and make
an ax, just wrap a strip of wet rawhide securely around both and let it dry.
Besides making a delicious treat for your dogs (which we can only assume
you’ve already started breeding; please see Section 8.6 right away), rawhide is
useful in making drum skins, lampshades, and primitive horseshoes, and has
even been used for casts. If you’re doing that, though, be sure to leave some
room for it to contract: wrapping limbs in too-tight rawhide has been used for
torture. That’s right: while rawhide contracting around hands and feet won’t
produce enough pressure to break bones, it will produce enough pressure to
move those bones to places they don’t normally go.

Anyway, enjoy the fun and practical technologies of leather and rawhide and
try to forget the part where you splashed around in watered-down poop.



10.8.4: SPINNING WHEELS

v
The spinning wheel is in itself an exquisite piece of machinery. My head daily
bows in reverence to its unknown inventor.
—You (also, Mahatma Gandhi)
WHAT THEY ARE

A machine that uses physics to transform natural fibers (wool, cotton, hemp,
flax, silk) into thread at 10 to 100 times the efficiency of doing it by hand

BEFORE THEY WERE INVENTED

Drop spindles were used (a stick with a weight on the bottom and a hook at the
top): you’d attach the hook to the wool and spin your stick in the air as you
gently pull wool out, letting it drop as it formed a thread, but this took forever.
Before drop spindles, wool was spun by twisting it by hand, but this took even
longer!

ORIGINALLY INVENTED

8000 BCE (drop spindle)

500 CE (spinning wheel)

1500s CE (treadle aka foot pump and flyer)

PREREQUISITES

wheels, wood, natural fibers (so, you’ll want farming, to give you easy access to
plant breeding or animal husbandry)

HOW TO INVENT

We’re not going to mess around here. Your civilization is going to skip over the
thousands and thousands of years of spinning wool by hand or with drop
spindles and instead jump right to the endgame: fully modern spinning wheels.
With them you can make thread much more efficiently. Abundant thread not
only lets you do obvious things like “make fabrics completely out of thread so
you don’t have to wear dead animal skins all the time”; it also unlocks less
obvious perks like:



giving you the ability to stitch shut wounds without it being a big deal

making candles by dipping thread in warmed wax or fat

inventing fishing line, so now you can easily catch fish

inventing nets, so now you can easily catch fish in a different way, plus

birds too

¢ inventing quilted armor, which works great for cushioning impacts from
clubs but does become completely useless when swords get invented

e flying (see Section 10.12.6)

We’ll assume you’re using wool here—it’s the easiest source of natural
fibers—but the same principles apply to any other fibers. To get wool ready for
spinning, first clean it in soapy water to remove any grease, then comb it.
Combing aligns your wool fibers in the same direction, while also breaking up
any clumps and puffing it up into a fluffy ball that’s ready to be spun.*

The basic idea is to make a cylinder (called a “bobbin™) spin, which will
then draw wool forward and turn it into thread. A bobbin needs to rotate very
quickly to effectively draw wool forward, so we’ll attach it to a large wheel—
called a “drive wheel”—via a belt. When a larger wheel’s rotation is connected
to a smaller one, that smaller wheel must rotate faster than the larger one to keep
up. By adding areas of different thickness to your bobbin, you can make
different-sized “wheels” for your belt to connect to, which will make it spin
slower or faster.

To spin your large drive wheel, you can just use your hands—people did for
thousands of years—but you’ll probably want to skip ahead to inventing the
treadle. A treadle is a simple plank that lets you power the drive wheel with one
foot, freeing up both your hands. Put a plank at foot level, with a rod beneath it,
and use another wooden rod to attach that plank to one of the spokes of your
drive wheel. Now when the drive wheel spins the board will rock up and down
—and conversely, when you rhythmically pump that board with your foot, you’ll
turn the wheel. If you want to get fancy, you can add two treadles so that both of
your feet can be put to work: just connect each at opposite parts of the rotation,
and they’ll work like pedals on a bike.

Your spinning wheel, at this point, is the minimum viable product that
humans used for a thousand years. To start, pull some of your wool into a thread
by hand, and attach that thread to the bobbin. Grip your thread with one hand,
and with the other gently pull the wool behind it, stretching it into a thin line of
fibers. As the bobbin spins it’ll pull those fibers toward itself, winding them into



thread. As great as it is, it’s not perfect: twisted thread is stronger, but the biggest
twist you can get with this setup is the very slight one you can achieve by
holding your wool at an angle as it’s fed into your spinning wheel. To get better
twisting, you need to add one last innovation: the flyer.

The flyer is a simple U-shaped piece of wood that can rotate freely around
the bobbin, with hooks on its wings so you can adjust the point on the bobbin
that the thread is wound around. As the bobbin rotates and pulls wool in, it
forces the flyer to rotate too, at exactly the same speed. All you need to do is
change the speed of the flyer: you can do this by adding a brake to it (a belt
around the flyer’s shaft can be tightened or loosened to adjust its tension), or by
adding a separate drive belt to the flyer, spinning it at a different rate. When the
flyer and bobbin no longer rotate at identical speeds, a twist is introduced to your
wool as it’s spun. Flyers were one of the few inventions Leonardo da Vinci came
up with that were actually constructed in his lifetime, and now you’re doing him
one better by inventing them before he was even born!*

Once you have two lengths of thread, you can twist them together to form a
stronger twine, using the exact same wheel. Just twist them in the opposite
direction those threads were spun in, and they’ll naturally lock together. You can
repeat this process indefinitely, going from twine to rope to industrial cable that
can support your entire civilization . . . all thanks to your little spinning wheel.
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Figure 32: A spinning wheel and flyer.






10.9
“I WOULD LIKE TO HAVE SOME COOL SEX”

For many people, sex is a pretty neat part of life, and as it’s the only way

you’ve got to produce more humans, sex has a huge effect on both the lives
of individuals and your civilization as a whole. Birth control helps people in
your civilization plan both their families and their lives. Once they decide to
have children, birthing forceps and incubators will help your civilization’s
newest, youngest, and most precious members survive precisely at the moment
when they’re at their most vulnerable: during and immediately after their birth.



10.9.1: BIRTH CONTROL

v

No love-story has ever been told twice. I never heard any tale of lovers that did
not seem to me as new as the world on its first morning.
—You (also, Eleanor Farjeon)

WHATIT IS

A way for families to be planned, instead of them happening accidentally, which
lets both women and men decide the course of their lives and freeing them from
the tyranny of unwanted and unplanned parenthood

BEFORE IT WAS INVENTED

If you had sex, you might get a kid and then that was your life, you’re parents
now, congratulations, sorry about all your plans

ORIGINALLY INVENTED
1500s BCE (physical barriers)
1855 CE (first rubber condoms)
1950s CE (birth control pills)

PREREQUISITES

none

HOW TO INVENT

The earliest attempts at physical forms of birth control—which is not to say the
earliest effective birth control—were pretty basic: women* in ancient Egypt*
would combine honey, acacia leaves, and lint to use as a physical barrier to
sperm that they’d insert before sex. This is actually more effective than it might
sound: acacia plants produce lactic acid, which is spermicidal.* If that wasn’t
available, women were recommended to use crocodile poop as a substitute
barrier: in contrast to acacia leaves, this is just about as ineffective as it sounds.
In Asia, paper discs were oiled and inserted as early diaphragms—which were at
least more effective than other wildly incorrect beliefs about reproduction
floating around, including “If women are passive and just lie there without



moving, they can’t get pregnant” (China, 1100 BCE) and “If women wear cat
testicles and/or asparagus as jewelry they can’t get pregnant” (Greece, as late as
200 CE), and “If women drink a man’s urine or spit three times into a frog’s
mouth they can’t get pregnant” (Europe, 1200 CE). The Roman Empire used
female-inserted physical barriers too, but when their empire fell in the 500s CE,
knowledge of this technology was lost (much like concrete in Section 10.10.1)
until it was reinvented in the 1400s CE.

Early attempts at male birth control were made and included dipping the
penis in lemon or onion juice or covering it in tar (Europe, 1000 CE): an idea
that was actually reinvented in the 2010s CE in the form of “Put a sticker on the
tip of the penis to temporarily seal it closed” technology. Just to be clear: none of
these are effective either. You can make condoms from linens, silk, or animal
intestines, but they will be less effective than what you’re used to: unlike latex,
these substances are more porous and still let some sperm through.

Unfortunately, the effective birth control you remember relies either on
chemical changes (like the pill) or strong, flexible, and impervious barriers (like
latex condoms), neither of which you’re likely to have for a long while.* Various
herbs have been used throughout history as a way to reduce pregnancies, but
many are poisonous, and others cause birth defects if fertilization has already
taken place. Wouldn’t it be nice if, somewhere on the planet, a plant evolved that
could prevent pregnancies with 100 percent accuracy and with no unwanted side
effects?

If you are muttering to yourself, “Yes, absolutely, that would be very nice,”
then good news: this plant exists! It’s called “silphium” and it grows naturally
along the coast of what’s now Libya. You’re looking for something with a thick
stalk, a rounded head of flowers at the top, and distinctive heart-shaped fruit
pods. It resists cultivation, but it’s so effective at birth control that it was valued
more than silver and considered to be a gift from the god Apollo by the ancient
Romans.

And then they ate it to extinction by 200 CE.

Nice going, ancient Romans. If you’re around before they are, silphium is
your perfect choice for birth control.22 But if you’re not, you still have options.
They’re not as good as what you’re used to in the modern era, but they’re better
than nothing:*

Technique What this is Effectiveness

Withdrawal ~ Removing the penis from the vagina before ejaculation. It doesn’t work great because 78 percent effective, which is to say that
it relies on timing, judgment, and some sperm make it out before that happens if 100 women use this technique every



anyway. time they have sex, on average 22 of them
will end up pregnant.
Rhythm Having sex only when the woman isn’t fertile. This is more effective today than it 76 percent effective. But remember, as

used to be, because at least now we know women are most fertile around ovulation,
12-16 days before menstruation! Before this was confirmed in the 1930s CE, theories
of peak fertility included an idea that women were most fertile during and just after
their periods. Rhythm method practitioners would therefore have sex in the weeks
before menstruation, which is of course when women are at their most fertile.
Needless to say: as a birth control technique, this wasn’t very successful.

with all these techniques, you can use
more than one at the same time to better
your odds.

Breastfeeding Maintaining breastfeeding after childbirth for as long as possible, because hormones
prevent women from ovulating while they’re breastfeeding.

This is only effective for six months after
childbirth, but it is 98 percent effective
during that time. Also the baby must be
exclusively breastfed, which means at
least every 4 hours during the day and
every 6 hours at night; otherwise your
body stops producing the required
hormones.

Don’t put any This option is like abstinence, but you can still do other fun stuff!
penises in
any vaginas

100 percent, assuming you can stick to it,
and you should keep in mind that
historically, humans who are interested in
doing penis-in-vagina stuff are really bad
at not doing any penis-in-vagina stuff
whenever they get the chance.

Table 13: A list of birth-control techniques you can use if you don’t have the markedly superior ones
we already invented in the modern era. Hey, did you bring back some condoms or an IUD with you?

Use them!

Finally, we should stress that none of the techniques in this table protect
against sexually transmitted infections, which you’ll need to watch out for.
Syphilis, in particular, should be avoided: it has much more awful strains that
died out before the modern era. When it first appeared, syphilis sufferers would
be horrified as their entire bodies became covered in pustules, and that was
before the flesh would fall from their faces.* Penicillin (Section 10.3.1) is an

effective syphilis cure, though in our timeline we only found that out centuries

dfter the “face-fall-off” variant had died out.
And on that note, we’ll end this section.

We hope your civilization enjoys some really cool sex!



10.9.2 BIRTHING FORCEPS

No act of kindness, no matter how small, is ever wasted.
—You (also, Aesop)

WHATIT IS

A pair of tongs that can be used to grab things inside a body, which is
particularly useful during difficult births

BEFORE IT WAS INVENTED

Mothers and children suffered from what would otherwise have been easily
preventable deaths

ORIGINALLY INVENTED

1500s CE, but kept secret for more than 150 years because multiple generations
of monstrous men in the inventor’s family wanted to bring the entire profession
of midwifery under their control

PREREQUISITES

alcohol, soap, metal (wood can be used but is much harder to clean, which can
cause infection)

HOW TO INVENT

Birthing forceps are a simple invention: detachable tongs with curved edges that
can be positioned around a baby’s head, used to rotate and then gently remove a
baby from the birth canal. Birthing forceps allowed difficult or obstructed births
to be successful, saving the lives of both mother and child. Even though this
technology was invented remarkably late—they could’ve shown up at basically
any time after humans were using tools—birthing forceps were still kept secret
for generations after their invention so that the family of the inventor could
personally profit. All that was publicly known was that the Chamberlen family
had a secret device that could help in childbirth, and the Chamberlen men went
so far as to carry these forceps into birthing rooms in a sealed box, only using
them once everyone else had been kicked out of the room—except of course for



the mother, who was blindfolded. It was only after the secret of this invention
leaked that forceps were commonly used to help in difficult births, and they were
a standard tool until cesarean sections were made less deadly in the 1900s CE.*

Birthing forceps should be used when the cervix is fully dilated and the head
of the baby is in the lower birth canal. The mother should be on her back
(stirrups can help keep her legs supported). Each half of the forceps is
individually inserted and then joined together. The baby’s head is then rotated to
an optimal birth position (head down, chin tucked into chest, facing the mother’s
spine, so that the smallest part of the head emerges first), and then pulled from
the birth canal with gradual, gentle force.



10.9.3: INCUBATORS

Hello, babies. Welcome to Earth. It’s hot in the summer and cold in the winter.
It’s round and wet and crowded. On the outside, babies, you’ve got a hundred
years here. There’s only one rule that I know of, babies—“God damn it, you’ve
got to be kind.”

—You (also, Kurt Vonnegut)

WHAT THEY ARE

A warm box you put babies born too early in that reduces the chances of them
dying by almost one-third

BEFORE THEY WERE INVENTED

People looked at the exact same thing being used in chicken incubators and
thought, “Nah, it’d never work”

ORIGINALLY INVENTED
2000 BCE (for chickens)
1857 CE (for humans)

PREREQUISITES

glass, wood (for construction), soap (for cleaning them between babies), leather
(for a warm water bottle), thermometer (optional)

HOW TO INVENT

Incubators were first invented around 2000 BCE in the form of houses and caves
that were kept warm to help eggs hatch. By this point humans had noticed two
things: chickens were delicious, and eggs kept at a warm temperature by hens
tended to hatch more often, which produced more delicious chickens. Incubating
houses were a way to scale that process up.

However, it wasn’t until almost four thousand years later that anyone noticed
that human babies, if born prematurely, would also benefit from a consistently
warm environment that emulated their mothers’ wombs. Before this point,
premature babies were simply handed off to parents and midwives, and everyone



just kinda hoped for the best. And yes, while modern incubators are complicated
machines, supplying oxygen, heat, moisture, and intravenous nutrition while
simultaneously keeping a constant eye on baby’s heartbeat, respiration, and brain
activity, you don’t need all that complexity to make a real difference in any time
period you’re stranded in. The first baby incubator was just a double-walled tub
that was periodically refilled with warm water to generate heat.

By 1860 CE the design had evolved to be heated by a water bottle, with one
more critical innovation: a glass lid. This reduced random airflow while still
allowing babies to breathe, which helped protect them from airborne infection,
draft, noise, and the excess handling from nurses that can also be a disease
vector. Something as simple as a glass box with a warm water bottle inside had
an astounding effect: at the hospital where it was invented, infant mortality
dropped by 28 percent. If you’ve got thermometers (Section 10.7.2), you can
quantify their temperature: human baby incubators are typically kept at 35°C,
but if you’re raising chickens, 37.5°C tends to be ideal.

If you consider the goal of health care to be giving another person more
years of life than they’d otherwise have, then just helping premature babies
survive is the most effective and efficient health care you can provide. You won’t
be giving an adult a few more years: you’ll be giving a newborn baby their entire
life.

And all you need is a small bed, nestled in a warm box.







10.10

“I WANT THINGS THAT WON’T CATCH ON
FIRE”

While the inventions in this section have many uses outside of building

fireproof buildings, they can help with that problem too. In fact, cement
and concrete are building materials that, despite being inexpensive, still allow
you to construct buildings that stand for more than a thousand years. Even more
useful is steel, an incredibly strong and versatile substance that gives your
civilization the ability to construct everything from bridges to ball bearings.
Finally, welding allows things larger than can be contained in any kiln to be built
and for those constructs to be as strong as if they were made from a single piece
of metal.

It is with these technologies that the modern era begins to be restored, so

we’re really glad you’re inventing them.



10.10.1: CEMENT AND CONCRETE

The ideal building has three elements: it is sturdy, useful, and beautiful.
—You (also, Marcus Vitruvius Pollio)

WHAT THEY ARE

Building materials you might think of as boring until you realize they can be
described as liquid rock

BEFORE THEY WERE INVENTED

Rocks had to be laboriously cut into whatever shapes you wanted, rather than
just pouring liquid into a mold, waiting for it to cure, and calling it a day

ORIGINALLY INVENTED

7200 BCE (lime plaster)

5600 BCE (early concrete, used for flooring in Serbia)
600 BCE (hydraulic cement)

1414 CE (rediscovery of cement and concrete)

1793 CE (modern concrete)

PREREQUISITES

kilns (for heating limestone), volcanic ash or pottery (for cement)

HOW TO INVENT

By following the instructions in Appendices C.3 and C.4, you can convert
limestone into quicklime, and quicklime into slaked lime—which reacts with
carbon dioxide in the air to harden on its own. Add some clay (or sand and
water) to your slaked lime, and you’ve just invented mortar: an easily spreadable
paste that dries like stone. Replace some of that sand and water with straw or
horsehair to increase its tensile strength and you’ve invented plaster: a substance
durable enough to be used for exterior coverings that is also waterproof once it’s
cured. This makes plaster a great way to build underground food storage: food
stays cool, and the plaster keeps any water out.



But all these technologies require air and time to fully cure: plaster can take
months! The solution is to add aluminum silicates to your mortar. This creates
hydraulic cement: a mortar that not only cures faster and is water resistant but
can also cure underwater, which is obviously extremely useful when you want to
build lighthouses, breakwaters, and other water-adjacent buildings. Aluminum
silicates are found in volcanic ash and clay, so if you’ve got volcanic ash lying
around, you can just mix it in with your mortar. If not, take old pottery, crush it
up, and add that instead. Horsehair can be added to prevent cracks (just as in
plaster), and you can add animal blood too, which will produce tiny bubbles in
the cement that make it more resistant to the stresses of freeze-thaw cycles.*

Cement’s great, but you can make it even better simply by mixing gravel,
stones, or rubble into it. That’s concrete! This simple addition of literal garbage
rocks actually makes the cement much stronger: the rocks carry more of the load,
allowing greater and larger structures.* Besides buildings, concrete can also be
used to create paved roads. Remember to give your roads a slight slope on each
edge (like a roof) and water will drain off, which helps prevent puddles and
icing.

Cement and concrete reached an early peak in the Roman Empire, but after
that empire fell around 476 CE, the technology was all but lost for a millennium.
There were some cement structures built after that date, but the knowledge
required was kept within guilds, rarely written down and never disseminated. It
was only when an obscure Roman manuscript from 30 BCE (written by the
architect and engineer Vitruvius, whose quotation graces this section) was
rediscovered in a Swiss library in 1414 CE that the secrets of cement and
concrete were recovered.* It took a few hundred years more—until 1793 CE—
for that “heat limestone to produce quicklime” discovery to be made, which
made cement and concrete simpler to produce. You can easily improve on
humanity’s actual history by not forgetting how to make concrete for a thousand
years.

You may, for example, choose to store the recipe in a more popular library.



10.10.2: STEEL

v

The solutions all are simple—after you have arrived at them. But they’re simple
only when you know already what they are.
—You (also, Robert M. Pirsig)

WHATIT IS

An alloy of iron and carbon that’s sturdier than either of those two elements
alone, with an incredible tensile strength: the ability to withstand heavy loads
without snapping or being pulled apart. Need awesome buildings, tools, vehicles,
machines, or anything else? Maybe consider steel.

BEFORE IT WAS INVENTED

Everyone had to “steel” themselves for much more disappointing building
materials

ORIGINALLY INVENTED

3000 BCE (iron smelting)

1800 BCE (earliest steel)

800 BCE (blast furnaces)

500 BCE (cast iron)

1000s CE (earliest Bessemer process)

1856 CE (Bessemer process rediscovered by Europeans, which a European then
named after a European)

PREREQUISITES

smelters and forges, charcoal or coke

HOW TO INVENT

In Section 10.4.2, we saw how with a smelter you can melt off non-iron metals
from ore to extract iron and how you can then hammer that iron in a forge to
purify it. But what happens when you add carbon to it? We’ll tell you what
happens: carbon interacts with the iron to form an alloy with great tensile




strength that also holds an edge. We call it “steel,” and it’s great for making all
sorts of things, such as:

bridges

railways*

reinforced concrete

wires and steel cables

nails, screws, bolts, hammers, nuts

needles

canned foods

ball bearings*

saws and plows

turbines

forks, spoons, knives

Scissors

wheel spokes

e strings for musical instruments

e swords

e barbed wire*

e two swords hinged together so you can use them like a giant pair of
Scissors

e and more??

Different amounts of carbon give different alloys, and only alloys with
carbon levels between 0.2 percent and 2.1 percent get the “steel” label. Even
within steels, different carbon levels give different hardnesses and tensile
strengths, so you can experiment to find the kinds you like. Kitchen knives—that
can hold a tough edge and won’t break easily—have around 0.75 percent carbon.

To introduce carbon to iron to make some sweet, sweet steel, you could pack
your iron into boxes of powdered charcoal and heat them to 700°C for about a
week. The charcoal’s carbon will react with your heat-softened iron, producing a
thin layer of steel. However, only the exterior of your iron will be steel now, so
you’ll have to fold and flatten your metal on the anvil again, thereby “stirring”
the metal to produce a uniform material. This is obviously a slow and expensive
process that requires you to have already hammered and flattened metal to make
iron, and then do it again just to get some steel. It may not surprise you to learn
that hitting metal with a hammer for hours on end is a long, hot, difficult, labor-



intensive, and tedious process that sucks, so you’re going to invent a better way
to do it riiiight . . . now.

Hey, congratulations on inventing the blast furnace!

As we’re sure you already know, the blast furnace is basically the intensified
version of your forge. Instead of your smelter sucking in air, you now force it in
through your materials from the bottom up. And instead of alternating layers of
iron ore and charcoal, you’re layering iron ore, limestone, and hotter-burning
coke.* You’re producing a more intense combustion that smelts iron ore just like
your smelter did, but this goes further: the iron reacts with the carbon in the
stack, forming a new alloy with a melting point down near 1200°C: low enough
to melt in your furnace! The high-carbon liquid iron runs out the bottom and
cools, and you’ve got your metal.

Buuuuuut it’s not quite steel. The problem now is you’ve got too much
carbon in your iron: you wanted between 0.2 percent and 2.1 percent, and the
output of a blast furnace can be as high as 4.5 percent. This high-carbon iron
(also called “pig iron”) is brittle: too easily broken if bent or stretched to be
useful in bridges or buildings, but its low melting point does mean you can pour
it into molds to cast frying pans, pipes, and so on. This “cast”
called “cast iron,” and you just invented it.

To reduce the carbon level of pig iron enough to make steel, you’ll be using
the “Bessemer process,” whose basics were discovered in East Asia in the 1000s
CE. The idea then was to blow cold air across the molten metal, and the more
modern version (patented in 1856 CE by, you guessed it, some guy named
Bessemer) is to force air through the liquid pig iron instead, with bellows or air
pumps. The air introduces oxygen to the mixture, and the oxygen reacts with the
molten carbon to form carbon dioxide. This either burns off or bubbles out,
leaving a purer iron behind. And as a bonus, these reactions also generate heat,
which heats up the molten metal even more, allowing the reaction to continue
even as the melting point of your liquid metal rises.* It’s very hard to know
when precisely to stop the bubbling air to get just the right amount of carbon
remaining, so don’t bother: just burn off all the carbon you can—producing a
pure iron—and then mix whatever carbon you want back in.

Iron is the sixth most abundant element in the universe and the fourth most
common element in the Earth’s crust, but until humans invented blast furnaces
and the Bessemer process, it was impossible to turn it into steel cheaply or
efficiently. But you’ve just figured that out, and now one of Earth’s strongest
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metals is also one of its cheapest. Nicely done! Once your civilization has
engineers in it, they’ll definitely thank you for that one.

A final note on steel: you can produce high-quality steel wire by taking
advantage of steel’s high tensile strength and using a technique called “wire
drawing.” All you do is make a rough wire out of steel, and then pull it through a
cone-shaped hole, as so:

Figure 33: An apparatus to draw wire, as seen from the side.

This produces a wire of consistent area and volume, and that unused mass
goes into lengthening your wire. By using several progressively smaller holes,
you can produce wires much thinner than you can make by hand. A ratchet (see
Appendix H) can be used to pull the steel forward, and conveniently, this can all
be done at room temperature: you just need some lubricant.

Here’s where it gets embarrassing for us. In the early 1600s CE grease or oil
was used, but this required softer steels, and too much friction would cause the
wires to break. By 1650 CE, one Johann Gerdes “accidentally” discovered that if
the steel was soaked in urine for long enough, a soft coating would eventually
develop (we now call this process “corrosion”), which worked to reduce friction
when drawing wire. This process—named “sull-coating”—was used for 150
years until someone noticed that diluted beer actually worked perfectly fine as a
substitute, and it was only around 1850 CE that anyone thought to check if water
works too. It does. It works perfectly.



Do better than we did. Don’t soak your steel in pee for over a hundred years
for no reason.



10.10.3: WELDING

v
When I told my father I was going to be an actor, he said, “Fine, but study
welding just in case.”
—You (also, Robin Williams)
WHAT IT IS

A way to fuse two metals together in a way that can actually be stronger than the
base metals

BEFORE IT WAS INVENTED

Any metal item had to be forged as a single piece, because once it existed, the
only way to join it to another one was with bolts and screws, which are much
weaker than a good weld

ORIGINALLY INVENTED
4000 BCE (forge welding)

1881 CE (arc welding)

1903 CE (torch welding)

PREREQUISITES

metal, forges, electricity (for arc welding), acetylene (for torch welding)

HOW TO INVENT

Forge welding is easy: just heat the two metals you want to weld to about 50 to
90 percent of their melting point in your forge, at which they’re flexible but still
solid. The challenge is when metals reach this point, their surfaces tend to
oxidize, which prevents a good weld. By sprinkling sand (or ammonium
chloride, or saltpeter, or a mixture of all three; see Appendix C) on top of your
metal, you solve this problem: they lower the melting point of the oxides,
allowing them to flow out from between the two metals as you beat them
together. “Beat them together,” you say? Yes. This is not a fancy form of
welding, hotshot. This is the form of welding where you heat two metals up and
hammer them together until they stick. If your arms get tired, you can use a



waterwheel (Section 10.5.1) to produce a mechanical hammer that will strike
your metals repeatedly.

If you have electricity (Section 10.6.1), you can invent electric arc welding:
a less labor-intensive version that also lets you weld items too big to fit in a
forge. Arc welding uses the heat generated by electricity arcing from an
electrified piece of metal called an “electrode” to the metals you wish to weld.
The electrode is placed near the point on the metals you wish to weld, and the
arc jumping from it causes them to melt and fuse together. A rod of a filler metal
can also be used to join your two metals together, which can make the weld
stronger than the base metals themselves. Just ground your metals,* bring an
electrode close enough to arc, and weld away. Try to keep the distance your arc
needs to jump consistent: otherwise the current it carries will fluctuate, which
alters the heat and therefore quality of your weld.

Needless to say, this option can be insanely dangerous, especially if you’re
stranded in the past and have never worked with electricity before.* You’ll
probably want to stick with “heating up metals, dumping some sand on them,
and hammering them until they stick” for the time being.







10.11
“THERE’S NOTHING TO READ”

Regardless of whether they’re made from paper or electrons, books are

critical to civilization. Obviously the guide you’re currently reading makes
that case literally, but even books of fiction are vital: they are, after all, the
stories humans write about themselves.

Paper is the technology that will turn trees into the thin, flexible, easily
burned substance upon which you will commit all your discoveries and
achievements to posterity. It’s also good for wiping your bum. Once you’ve got
it, printing presses are the machines on which the knowledge of your
civilization will be distributed, debated, shared, and stored. They are an
absolutely transformative technology, and critical for any civilization that wants
its ideas to have wide and affordable distribution, reliable reproduction, and the
ability to survive outside the limits of fragile mortal bodies, which we regret to
inform you are precisely the kind of bodies you’re stuck with.



10.11.1: PAPER

v
There have been great societies that did not use the wheel, but there have been
no societies that did not tell stories.
—You (also, Ursula K. Le Guin)
WHAT IT IS

A cheap thing to write on

BEFORE IT WAS INVENTED

People wrote on the skin of animals (aka “parchment”), which meant that if you
were alone and wanted to write a book, you first had to either raise or hunt down
an animal and then slaughter it, which obviously slowed the creative process
down just a little bit

ORIGINALLY INVENTED
2500s BCE (parchment)

300s BCE (paper in China)33
500s CE (toilet paper in China)
1100s CE (paper in Europe)

PREREQUISITES

fabric or metal (to produce a fine-mesh screen), wood, rags, or other natural
fibers, waterwheels (for grinding pulp), sodium bicarbonate or sodium hydroxide
(optional, speeds up pulping), pigments (optional, but you’ll probably want ink
once you have all this paper lying around; see Section 10.1.1: Charcoal)

HOW TO INVENT

Before you invent paper, you can jot down notes on animal bones, strips of
bamboo sewn together into scrolls, parchment (if you’ve got the time and
inclination to de-hair skins and stretch them until they’ve dried; see Section
10.8.3), silk (if you’ve domesticated silkworms), wax tablets (you can get the
wax from bees, or by boiling fat in water, letting it cool, and using the waxy stuff
—”tallow”—that solidifies on top), clay tablets (which you then fire if you want



the information to stick around; see Section 10.4.2), or on papyrus (see Section
7.16). But these media are all heavy, awkward, expensive, hard to transport, or
some combination of the above. What you really want is something light,
convenient, cheap, and ubiquitous enough that even if it doesn’t literally grow on
trees, it’s at least made out of their ground-up bodies. What you really want is
paper, which gives your civilization not just books, magazines, and newspapers
with the printing press but also unlocks playing cards, paper money, toilet paper,
paper filters, kites, party hats, and more.

The basics of paper making are pretty simple: you’ll be taking plant fibers,
breaking them up, and then re-forming them into thin sheets. Anything with
cellulose in it will work, and as all plants that photosynthesize produce cellulose
as part of that process, it’s one of the most common organic compounds in the
world. One large tree can be transformed into upward of 15,000 sheets of paper,
but there are lots of other sources for cellulose: old clothing and rags, for
example, will also make great paper, either on their own or as a way to bulk out
wood fibers. Heck, you could’ve made paper from the lint you collected from
your dryer, back in the future where dryers were a thing!

The first step in making paper is to produce a pulp, which is done by
breaking your raw material into small pieces (i.e., turning your wood to chips or
tearing your rags into shreds). You can let them soak in water for a few days to
get the fibers loosened, before grinding or beating your plant fibers down into,
well, a pulp. To speed this process up you can add sodium bicarbonate or sodium
hydroxide (see Appendices C.6 and C.8, respectively) to water and simmer your
wood chips or rags in there, which chemically separates the plant fibers.* Once
you’ve got a watery pulp, stir it to get the fibers moving, then drag a mesh screen
up through it—you can make it with either metal or threads (see Section 10.8.4)
—which will collect some of the fibers in a flat layer. Flip your screen upside
down to remove the pulp, press it to remove the water and force the fibers
together, and let it dry. You just made paper! And once you’ve used your paper,
you can recycle it by repeating the same process: just tear your paper up again,
break it down into fibers, and press a new sheet.

q CIVILIZATION PRO TIP: The basic papermaking
process (breaking down plant fibers, layering them on a
screen, drying them out) hasn’t really changed in the
thousands of years since paper was invented. Even




though you’re hopelessly stranded in time, the paper you’re making
will still share a connection with all other paper on the Earth you left
behind, which has a nonzero chance of making you feel at least
marginally better!

While paper was invented in China around 300 BCE, the means of its
production were kept a closely guarded secret to prevent other civilizations from
benefiting from it. By the 500s CE, paper in China had become so routine that
people were wiping their bums with it (thanks, toilet paper), but it would still
take more than half a millennium before Europeans would learn of its invention,
let alone rub it on their dirty, dirty poo bums. It wasn’t until 1857 CE that toilet
paper was first produced commercially in the United States (before, any old
paper could be used, and tearing pages from books was not uncommon), and it
was only in 1890 CE that toilet paper was sold in rolls instead of in stacks. To
make going to the bathroom more comfortable for members of your civilization
—and to prevent them from resorting to cleaning themselves with wool, rags,
leaves, seaweed, animal furs, grass, moss, snow, sand, seashells, corncobs, their
own hands, or a communal sponge on a stick*—you’ll want to consider
inventing toilet paper ahead of schedule.



10.11.2: PRINTING PRESSES

v
The preaching of sermons is speaking to a few . . . printing books is talking to
the whole world.
—You (also, Daniel Defoe)
WHAT THEY ARE

A way to disseminate information en masse both quickly and cheaply, which is
great if you want to get into the dissemination-of-information-en-masse business

BEFORE THEY WERE INVENTED

Books were extremely expensive, so only rich people read them, which meant all
the non-rich people who might’ve come up with amazing ideas if only they
could metaphorically stand on the shoulders of giants found that they couldn’t,*
and so civilization wasn’t becoming nearly as great as it could if it were
harnessing the full potential of every human brain within it, which is complete
baloney

ORIGINALLY INVENTED
33,000 BCE (stencil paintings of hands)
200 CE (woodblock printing)

1040 CE (moveable type in China)
1440 CE (moveable type in Europe)
1790 CE (rotary press)

PREREQUISITES

pigments (for ink, see Section 10.1.1: Charcoal), paper (for printing), pottery
(optional, for building letters), metalworking (to build the press, though this is
technically optional and they can be built out of wood), glass (for eyeglasses, so
that everyone can read papers, even the farsighted, who might not even realize
they’re farsighted until you ask them to read tiny letters on paper held in their
hands)

HOW TO INVENT



If you’ve got pigment (which you can get from charcoal in Section 10.1.1), and
you’ve got something you can cut (like paper, but even large leaves work), then
you can make stencils of words—and therefore mass produce books—in any
time period you care to name.* The earliest stencils humans ever made were of
their hands, and some of them survived on cave walls into the modern era. If
only someone at the time had thought to invent writing, those same ancient
humans 35,000 years ago could’ve used stencils to carry their ideas, their beliefs,
their hopes, their dreams, their successes, their failures, their stories, and their
legends into the modern era, instead of just making a record of what their hands
looked like. And in case you’re wondering what human hands looked like
35,000 years ago, we can tell you with absolute certainty: they looked like
hands.

We didn’t even need a time machine for that one.

Stencils work okay for printing, but it’s hard for fine shapes (which means
your books are going to be large-print), plus you need some form of spray-paint
(early humans used their mouths; you can use pigment blown through a tube
with a nozzle on the end using the bellows described in Section 10.4.2). To avoid
these problems, you may want to skip ahead a few tens of thousands of years to
woodblock printing, first invented in China around 200 CE. This involves
carving an entire image in reverse onto a single block of wood, which is then
coated in ink and pressed onto papers, silks, or anything else you care to print
on.* Woodblock printing works great for art, but for language it has several
downsides, not the least of which is how hard it is to correct a mistake. Mess up
on a single letter and you may have to re-carve your entire page out of a new
block of wood! Nobody’s got time for that, and this slow, labor-intensive process
means producing a book takes years. And even once you’ve carved out every
page for your book, you still face the challenge of storage: a 2.5cm-thick piece
of wood means you need over 404,128.224 cubic centimeters of storage space
for this book alone!

For writing you’ll probably want to jump ahead straight to moveable type.
Here, rather than carving an entire page, you instead produce stamps of
individual letters, which you put together on frames to create a stamp for a
whole page. Besides solving the problem of storage—you’d only need to hold on
to tiny letters, instead of giant wood pages—it also rewrites the economics of
printing. Arranging the letters into a page takes minutes, compared to the weeks
or months required to carve a page out of wood, so books can be produced more
cheaply, and a much greater variety of books could be printed. Before moveable




type, most of the texts being printed were religious texts: things that didn’t
change and that had a huge, enthusiastic, and sometimes legally mandated
audience. After moveable type, anyone (with enough money to pay for it) could
print anything, which set off one of the largest cultural changes civilization had
seen until the invention of the Internet hundreds of years later.

Moveable type existed in China around 1040 CE, but it really only took off
when the technology reached Europe a few centuries later. That was due to
another innovation: the alphabet. Chinese writing used not a small set of letters
representing sounds like phonetic languages do but rather a large set of
characters representing ideas, with more than 60,000 different characters found
in a single book. Each system of writing has advantages and disadvantages, but
Chinese’s disadvantage when it came to moveable type was significant: it’s a lot
cheaper and easier to keep and sort through a set of 26 different characters than it
is of 60,000.*

The letters you’ll be printing—your type—can be carved from wood, but
this has downsides: wood wears down with regular printing, its grain can
sometimes show in the final result, and wood distorts when it absorbs printing
ink. Fired clay was used in China and produces strong, durable letters. You can
print with either wood or clay letters, but you can also use them as prototypes for
new metal type by pressing the letters into either fine sand or a soft metal
(copper works well), and then pouring liquid metal into that impression. Printers
eventually settled on a standard metal to forge type with: an alloy of lead, tin,
and antimony called “type metal” that produces strong, long-lasting letters.*

To typeset, letters are put together into a wooden frame.* Once that’s
completed, printing is done by coating them in ink and pressing them onto paper.
To mechanize that, and to get equal pressure applied across the large flat surface,
you’ll want to invent the screw press. The screw press is simply a giant vertical
screw* connected to a large flat surface at its bottom. Handles are attached to the
screw at the top, allowing the screw—and therefore the pressing surface—to be
raised or lowered by rotating those handles, which transforms that easy
rotational force into stronger downward force. They look like this:



Figure 34: A screw press: an apparatus used in both printing and wine-making,
though usually not at the same time.

And as a bonus, once you’ve got a screw press (which is ordinarily invented
around 100 CE), you can use it for all sorts of other things. It works for pressing
wood pulp to remove moisture—useful when making paper—but it can also be
used in tastier pursuits to press grapes when making wine, or to press olives
when making olive oil. Attach it to something smaller than a large flat pressing
surface and you can use it to punch holes in metal too.

An innovation that helped make printing presses as successful as they were
was the substitution of water-based ink—typically made from soot, glue, and
water—with oil-based ones, usually made from soot, turpentine (which you can
get by distilling pine resin), and walnut oil (which you can get by pressing
walnuts in that screw press you invented two paragraphs ago). Oil-based inks
better adhere to metal type, and they don’t soak into paper as deeply, which
prevents words from becoming blurry. To ink your letters, you can dab them
with a flattened ball of ink-soaked leather on a stick (the number of dabs controls
how much ink your letters get: an improvement over simply dipping the letters
in ink, which douses them in the maximum amount of ink every time), but if



you’re smart, you’ll invent the ink roller, which is a cylinder that can be rolled
over your type to distribute ink.*

The faster your press can operate, the more books you can produce. Multiple
people working together can operate a simple press at peak efficiency:
typesetters set up pages in advance, one printer coats the letters in ink while
another feeds in the paper, while yet another lowers the press onto paper to
produce the image. Hey, you just invented the assembly line! Your screw press
will initially be powered by hand, but it’s easy enough to adapt them to steam or
electrical power when you have that technology. And when you have the
engineering to build it, you’ll be able to adjust your press to be a rotary press, an
invention that first showed up in 1790 CE. Here, instead of flat type being
pressed onto paper, gently curved type is attached to a giant wheel, which rotates
onto a strip of paper, pressing letters as it goes.* While a standard printing press
requires breaks as each new sheet of paper is inserted, a rotary press can operate
indefinitely, as long as there’s enough paper and ink to feed it.

The easiest thing to print at first will be posters: notices that can be “posted”
publicly (hence the name), allowing fast, cheap, and accurate mass
communication across your civilization. Fold, cut, and bind poster pages
together and you’ll produce books, and the more copies of a book that are
printed, the more likely that information will survive across time. When printing
becomes cheaper, it’ll be possible to bind a smaller number of pages together on
a regular basis to produce a disposable book, or “magazine.” These can take the
form of scholarly journals that allow scientists to collaborate and share
discoveries no matter where they happen to live, or as news and entertainment
periodicals to help people to stay informed of current events and celebrity
bloopers. Printing will eventually become so cheap, in fact, that it’ll one day be
profitable to use the lowest-grade paper to print single-use, disposable
documents on a weekly or even daily basis, and these will be your world’s first
newspapers.

The printing press will allow your civilization, and the people within it, to
become their best selves: entertained, educated, informed, and up-to-date, so it’s
really great you thought to invent it just now.






10.12

“IT SUCKS HERE AND I WANT TO GO
LITERALLY ANYWHERE ELSE”

Without transportation, civilizations are small and constrained, unable to
fully explore, or benefit from, the larger world around them.

With transportation, however, they can expand, stabilize, and incorporate
disparate geographic areas into a cohesive whole. Bikes are one such mode of
transport: exquisite machines better suited to moving humans around under their
own power than even their own legs. Compasses let anyone determine the
direction they’re traveling in, which pairs well with latitude and longitude,
wherein each location on the Earth is given its own coordinates. With them,
anyone can determine their precise location anywhere on the planet. In the
absence of clocks that work at sea, radio is the technology that makes longitude
possible. Finally, boats open up the oceans to explorers from your civilization,
and human flight does the same to the very skies themselves.

Invent these technologies, and the people in your civilization will be able to
go anywhere they want . . . and find their way back home again.



10.12.1: BIKES

v

Let me tell you what I think of bicycling. I think it has done more to emancipate
women than anything else in the world. I stand and rejoice every time I see a
woman ride by on a wheel. It gives a woman a feeling of freedom and self-
reliance. It makes her feel as if she were independent. The moment she takes her
seat she knows she can’t get into harm unless she gets off her bicycle, and away
she goes, the picture of free, untrammelled womanhood.

—You (also, Susan B. Anthony)

WHAT THEY ARE

A way for human bodies to move themselves around with three times more
efficiency than walking. We’ll say that again: humans invented a way to get
around that’s actually better than walking around on their own two legs. We’ve
been dunking on humanity a lot in this book, mainly for taking a really long time
to figure out some very simple stuff, but bicycles are a beautiful piece of
technology no matter where and when you invent them.*

BEFORE THEY WERE INVENTED

We don’t even want to talk about it

ORIGINALLY INVENTED

1817 CE (earliest self-propelled two-wheeled tandem vehicles: you pushed them
with your feet)

1860s CE (bicycles with pedals attached to the front wheel)

1880s CE (penny-farthing bicycles with the giant front wheel and the tiny rear
wheel)

1885 CE (the so-called “safety bicycle” that had two wheels of the same size,
and therefore much reduced the danger of flying off the giant front wheel of a
penny-farthing)

1885 CE (the first time an engine was attached to a bike, aka the first
motorcycle)

1887 CE (first bike with a chain to power the rear wheels)



PREREQUISITES

wheels, metal (optional, for chains and gears), fabric (optional, for a drive belt),
or a basket (optional, for a nice picnic)

HOW TO INVENT

Attach two wheels to a frame you can sit on, one in front of the other. Put pedals
on one of the wheels so you can move this whole contraption with your feet, add
