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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 10-4mm. 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
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			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
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			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
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			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?

			A: Any lottery numbers you give will benefit another you, and not you personally.

			Q: 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?

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

			Q: Will being rich in the past make me happy?

			A: It might.

			Q: If not my past self, then whom should I visit?

			A: 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.

			Q: 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
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			There are no user-serviceable parts inside the FC3000™.

			The FC3000™ cannot be repaired.

		

	
		
			
				OH.
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			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
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			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: A HANDY FLOWCHART
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			[image: ]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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			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”
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			Great news! You can actually be the most influential person in history!
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			[image: ]As your careful study of the flowchart on the previous pages likely revealed, humans first evolved around the year 200,000 BCE.1 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:
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			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.2 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.3

			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.
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			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.
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			THE FIVE FUNDAMENTAL TECHNOLOGIES YOU NEED FOR YOUR CIVILIZATION
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			No, the list is not “a really good computer” five times.

			
				[image: ]
			

			[image: ]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 invented

						
							
							When we could’ve invented it

						
							
							Years spent not having this technology when we easily could have

						
							
							This same time period, now expressed as how many colossal 500-year Roman Empires could’ve both risen and fallen in the huge expanse of time humanity spent sitting around not inventing this technology

						
					

				
				
					
							
							Spoken language

						
							
							50,000 BCE

						
							
							200,000 BCE

						
							
							150,000 years

						
							
							300

						
					

					
							
							Written language

						
							
							3200 BCE

						
							
							200,000 BCE

						
							
							196,800 years

						
							
							393

						
					

					
							
							Non-sucky numbers

						
							
							650 CE

						
							
							200,000 BCE

						
							
							200,650 years

						
							
							401

						
					

					
							
							The scientific method

						
							
							1637 CE

						
							
							200,000 BCE

						
							
							201,637 years

						
							
							403

						
					

					
							
							Calorie surplus

						
							
							10,500 BCE

						
							
							200,000 BCE

						
							
							189,500 years

						
							
							379

						
					

				
			

			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.
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			3.1

			SPOKEN LANGUAGE

			Listen to those voices in your head.
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			[image: ]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:

			
					
					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

				

					
					conceive of more complex ideas than we could otherwise express

				

					
					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.

						
							
							Vowels are sounds produced with an open mouth and often form the 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.

						
							
							Chad, can we please talk about something else? Anything, Chad. Please.

						
							
							Thhhbbbttth

						
					

					
							
							All languages have verbs.

						
							
							Verbs are action words, which allow us to talk about things happening to other things. Since things tend to happen a lot on Earth, they are useful words to keep around.

						
							
							The quick brown fox jumps over the reliable FC3000™ time machine and is happy to recommend it without reservation.

						
							
							The quick brown fox. The reliable FC3000™ time machine. Happy without reservation. 

						
					

					
							
							All languages have nouns.

						
							
							Nouns are people, places, or things. They are objects or ideas in the world. Since there are a lot of those on Earth, they’re useful to keep around too.

						
							
							The quick brown fox jumps over the reliable FC3000™ time machine and is happy to recommend it without reservation.

						
							
							The quick brown. Jumps. Reliable. Is happy to recommend.

						
					

				
			

			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.

		

	
		
			
				[image: ]
			

			3.2

			WRITTEN LANGUAGE

			The technology that made the spelling mistake possible.

			
				[image: ]
			

			[image: ]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:

			
					
					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.4 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:

			
					
					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.

				

					
					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:

			
				
					[image: ]
				

				
					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:

			
				
					[image: ]
				

				
					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.
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			3.3

			NON-SUCKY NUMBERS

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

			
				[image: ]
			

			[image: ]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:
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					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?

			
				
					[image: ]
				

				
					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!

			
					
					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.”

				

					
					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.*

				

					
					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 × 10)

						
							
							100s (i.e., 10 × 10)

						
							
							10s (i.e., 1 × 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 × 2)

						
							
							4s (i.e., 2 × 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.

			
				
					
					
					
					
					
				
				
					
							
							Feature

						
							
							Example

						
							
							What you can do with this

						
							
							Why you want it

						
							
							When it was first invented (approx.)

						
					

				
				
					
							
							Written numbers

						
							
							|||||

						
							
							
									
									Not have to remember numbers in your head all the time.

								

							

						
							
							
									
									Because you have finite space in your brain.

								

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

								

							

						
							
							40,000 BCE

						
					

					
							
							Abstract numbers

						
							
							5

						
							
							
									
									Conceive of numbers as abstract ideas (i.e., “one” and “five”), instead of being limited to counting things that actually exist (i.e, “one sheep” and “five goats”).

								

									
									Numbers that exist outside the things they’re counting allows you to access new planes of abstract numerical thought, instead of just reminiscing about specific sheep or goats all the time.

								

							

						
							
							
									
									Numbers as a purely abstract object are necessary to unlock future innovations in numbers, like irrational and imaginary numbers. It is not a coincidence that both these numbers are named in such a way as to make their very existence sound completely crazy, but they’re also very practical.

								

							

						
							
							3100 BCE

						
					

					
							
							Fractions

						
							
							½

						
							
							
									
									Represent things that aren’t whole numbers, like 1, 2, or 3.

								

									
									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.”

								

							

						
							
							1000 BCE

						
					

					
							
							Rational numbers

						
							
							0.5

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

								

									
									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 numbers

						
							
							√2, pi

						
							
							
									
									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 numbers

						
							
							2, 3, 5, 7, 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 numbers

						
							
							–5

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

								

									
									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 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.

								

							

						
							
							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.

						
					

					
							
							Zero

						
							
							0

						
							
							
									
									Talk about nothing.

								

									
									Have a number system that is place-based, so you can write numbers like “206” and not have them confused with “26.”

								

							

						
							
							
									
									Because otherwise you have a number system that doesn’t know what zero is, and that is extremely embarrassing.

								

									
									Zero works both as a placeholder (as in 206, showing 2 hundreds, 0 tens, and 6 ones) and as a number that can be used like any other in mathematical operations (with some caveats for division; see sidebar on this page).

								

							

						
							
							Zero existed as a placeholder back in the 1700s BCE, but it took until 628 CE for a concept of zero that you can add, subtract, and multiply with to be realized. You will save so much time right now by just telling everyone “5 plus 0 equals 5, and you should write that down.”

						
					

					
							
							Real numbers

						
							
							3.1, 3.111, 3.1111, 3.11111, 3.11111111,

							3.111111111,

							3.1111111111,

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

						
							
							
									
									Merge both rational and irrational numbers into a single number system.

								

									
									Describe any number with a (potentially infinite) decimal notation.

								

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

								

							

						
							
							
									
									To blow your mind by considering that while there’s an infinite number of numbers 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.

								

							

						
							
							1600s CE

						
					

					
							
							Imaginary numbers

						
							
							√–1, i, 3.98i

						
							
							
									
									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 numbers

						
							
							3 + 2i

						
							
							
									
									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.”

				

				
					[image: ]
				

			

			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.
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			3.4

			THE SCIENTIFIC METHOD

			Much improved over the earlier scientific approximation.

			
				[image: ]
			

			[image: ]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:

			
					
					provisional,

				

					
					contingent, and

				

					
					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 ultraphysics5—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—like 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.

			
				
					[image: ]
				

				
					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.
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					Figure 9: A typical scientist.
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