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GUEST FOREWORD 
by Trevor Quachri

      I had been working at Analog as an editorial assistant for about a year when I first met Edward M. Lerner. He had sold a story, “Dangling Conversations,” to the magazine’s then-editor, Stanley Schmidt, which I had worked on, and upon meeting Ed at one of the various professional mill-’n’-swills, my never-less-than-stellar social skills kicked in. I told him: “You know, I really thought ‘Conversations’ was going to be boring... but it wasn’t!” 

      Clearly that’s the kind of thoughtfulness that gets you invited to write a foreword fifteen-plus years later.

      In my defense, Ed knew exactly what I meant, bless his heart. If you were going to hear the elevator pitch for the story, its appeal would only be immediately apparent to a select few cognoscenti: “Humanity finally makes First Contact, but realistically. No physical travel, since the distances are daunting; it’s just communication. In fact, we never even see the aliens in person. So communication leads to trade, and there’s a lot of time spent on the repercussions and implications of that trade.”

      Boy, interstellar economics. Gripping, right?

      Except it is. Ed’s execution is everything. In almost anyone else’s hands, there might have been some temptation to clumsily “spice it up”—add some teleported-in extraterrestrial assassins or saboteurs, or at the very least, a shoot-out or two between humans; failing that, it could easily have wound up as dry as sand.

      What Ed does in that story is something you’re about to see him do repeatedly in the articles that follow. It’s the skill-set of the best teachers and journalists: making something compelling without sensationalizing it; considering the implications—but resisting the urge to go for cheap thrills. And because the resulting pieces are so carefully considered, they’re more relevant than they would be if they were blatantly fantastic.

      That, as far as I’m concerned, is at the heart of the best hard science fiction. So it’s easy to see why Ed has been a frequent Analog contributor for so long, and it’s no surprise that when Ed pitched me a series of fact articles, I listened very intently.

      Now, Analog is a hard science fiction magazine. We run regular science articles and columns, and our readers have a certain degree of scientific literacy that we can take as a given. But it’s not Nature or Scientific American or National Geographic. We’re not a peer-reviewed journal. “Straight” science articles that don’t inspire the imagination or present possibilities aren’t necessarily a great fit for the magazine. That article on a new breakthrough in genetics or physics is probably interesting in its own right, but if it doesn’t ask questions or provide some thoughts about what comes next, it won’t be enough for us.

      So Ed, responding very directly to my edict that the fact articles be relevant to science fiction in some way, said, “What about exactly that?” What about articles that look at the science that’s relevant to science fiction? How would those familiar genre tropes work, exactly? Why not look at the ways they’re used, the assumptions, the places where a “What if” turned out to be right, and we’re just now starting to see it?

      They’re the flip side of the same coin as “Dangling Conversations” (as well as Ed’s other fiction pieces, really); making complex concepts easily digestible without watering them down is at the heart of Ed’s fact pieces just as much as it is part of his fiction. And make no mistake, they are science articles, akin to Isaac Asimov’s approachable nonfiction science books or Brian Stableford’s seminal The Science in Science Fiction, not “How to Write SF” pieces, like you might get in a writer’s workshop.

      Still, only a fool agrees to buy something sight unseen, so I was going to consider the articles on a case by case basis; I wouldn’t commit to a lengthy series that I might have to constantly wrestle back to my vision of what I wanted if Ed didn’t get “it.”

      I needn’t have worried. In the end, I bought all of them anyway. And I hope you’ll do the same; they’re worth your time, your money, and your consideration, whether you’re interested in accessible science, looking to understand trends in science fiction, or—optimally—both. Ahead, you have essays about time travel, artificial intelligence, alien biology and worlds, and more. Quite a few of them placed highly in Analog’s annual Analytical Laboratory readers’ award. (Did I mention the generally high standards for this kind of thing among Analog readers?) Give them your attention, and you’ll be amply rewarded with the best workout your imagination has had in a while.

      And if you ever bump into Ed, having read this, and you tell him that you were unsure about these articles at first, but they turned out to be really interesting, it’s okay; he’s heard it before. He’ll know what you mean.

       

      (Trevor Quachri began as an editorial assistant at Analog Science Fiction and Fact and Asimov’s Science Fiction in 1999, and is currently the editor of Analog.)

      

    



      Notes to the reader:

       

      End notes—identified by superscript numbers with “[...]” around them—identify the sources of particular details. End notes are collected at the end of the book.

      Footnotes—identified by superscript numbers without “[...]” around them—expand or comment upon specific passages in the text. Footnotes appear at the bottom of the page in print or below the paragraph in ebook editions.

      (Caveat: a superscript number alongside another number, as in the 9 in 109, is an exponent, not an end note or footnote identifier.)

       

      “To read further” sections, at the end of each broad topic, suggest more general reference material.

       

      Link Disclaimer: This book includes URLs which point to external websites. The publisher is not responsible for those websites, and cannot guarantee that referenced material on those external websites will remain live or relevant.

      



    

INTRODUCTION: All Troped Up

      When people first meet, a predictable part of the interaction is, “So, what do you do?” 

      “I’m a writer,” I’ll say. (No surprise there: you have a book of mine in your hands.) To the customary follow-up question (“Oh, and what do you write?”), my answer is “Mostly science fiction.” 

      And then inwardly, hoping it doesn’t show, I wince. Because, too often, the response will be along the lines of, “Oh. Like Harry Potter.” 

      No. 

      Popular culture conflates everything from horror to comic-book superheroes to wizardry to space opera to science-based storytelling into the amorphous collective known as “sci fi” (or, as one cable TV channel would have it, “SyFy”). I’ve read and viewed across that expansively defined genre, but what I generally consume—and the fiction that I almost exclusively write—is science fiction. Fiction without elements of fantasy. Fiction in which, absent the science, there would be no story. 

      Is there a difference between science fiction and fantasy? Absolutely. As book reviewer (and SF author) Don Sakers summarized it: 

       

      “One quick and dirty distinction between science fiction and fantasy is this: sf deals with things that are possible, while fantasy is the realm of the impossible.”[1]

       

      You may be wondering: what about the many clearly impossible things upon which so much science fiction relies? Faster-than-light travel. Time travel. Telepathy. Aren’t they impossible? Which is to say: aren’t they fantastical? 

      True, faster-than-light travel, as one example, may be a mere storytelling convenience. FTL allows an author to set a story somewhere, or to move along star-spanning action at a pace, that would otherwise seem impossible. By analogy to literary tropes, words used other than literally, such “science”-based assumptions can be deemed science-fictional tropes: that is, science used other than literally. In the Star Wars universe, no one attempts to justify the all but instantaneous voyages from star to star—we just accept the FTL jaunts as narrative convention. As a trope.1

      


1 As if to ensure that no one take seriously the “science” of such space opera, we were offered early in the original (1977) Star Wars movie the boast that the Millennium Falcon is the ship that “made the Kessel Run in less than twelve parsecs.” The parsec being a unit of distance (equal to about 3.26 light-years), Han Solo’s boast conveys as much about speed as would, “I’m the runner who did the 100-meter dash in 100 meters.”






      An SF trope often works in the background, rather than front-and-center in a story. By way of analogy, suppose that wind-powered sailing ships had yet to be invented. A science-fictional Robinson Crusoe might treat the ship as a trope. The vessel served its purpose in the story when it sank; the mechanics of sailing don’t matter. In contrast, consider science-fictional versions of Moby Dick or Two Years Before the Mast. Those stories can hardly be told without showing the technology of sailing ships. 

      It’s not 100% clear-cut when a story premise is a trope. Science-fictional time machines are usually tropes, ways to shift a modern character—someone with whom the reader will empathize—to the time(s) of the story. But suppose I encounter a passage such as:

       

      “Early in the 22nd century, physicists succeeded in dependably stabilizing entangled quantum particles. When the entangled particles were tachyons, quantum teleportation became time travel....” 

       

      I’m put on notice that the mechanism is meant to be taken literally. In this story excerpt, the nature of the supposed time-travel mechanism and its underlying constraints are apt to become central to the story. 

      One way to think of an SF trope is as a willing-suspension-of-disbelief contract between author and reader. As with any contract, of course, both parties must agree.

      Some readers—and some authors—won’t sign that contract. “Mundane science fiction” deems FTL travel, or anything else beyond the ken of current science, off-limits to storytelling. The mundane SF movement would have authors write as though every technology that may ever be possible (including by intelligent aliens whom the mundane-ists also rule impermissible) is already known.[2] Consider such people misan-tropes.2 

      


2 I take my science seriously. Myself? Not so much. There will be the occasional wry aside ahead.






      FTL travel is such a common SF trope, it gave this book its title. But faster-than-light travel, and time travel, and many other great storytelling devices needn’t be mere tropes. In the corner of the genre known as “hard science fiction,” authors see science as a storytelling element to be embraced. Hard SF takes its name by analogy to the rigor of the so-called “hard sciences,” such as physics and chemistry. The adjective isn’t an editorial comment about difficulty for readers—even though it is sometimes taken that way. 

      Hard SF acknowledges current science and goes on to look a step or three beyond. Hard SF doesn’t ignore what we (think we) have learned about the Universe—but neither does it limit itself to that. Hard SF is big on considering the possible implications of the many things we know we don’t yet know, and of pondering what it could mean were we someday to overcome present-day limits. Hard SF is most of what I write. But not all....

      Since 2011, for the hard-SF-friendly pages of Analog Science Fiction and Fact, I’ve written essays exploring, one by one, the common tropes of science fiction. The science that might justify those tropes. The science behind the fiction. Throughout, I offered examples of how science fiction—on the page, the screen, and, occasionally, the gaming console—has explored these ideas. 

      In Trope-ing the Light Fantastic, I’ve collected, integrated, expanded upon, and updated those essays. Trope by trope, this book reviews the latest related science and illustrates it with a broad range of genre examples. Some scientific topics, such as relativity and quantum mechanics, recur, both because they relate to more than one trope and to make trope-specific chapters more self-contained (i.e., more useful as standalone references).

      As for the genre examples I picked to illustrate my topics, I had a lot from which to choose. When a story, movie, or whatever, gets mentioned more than once, illustrating more than one plot device, that’s a testament to the author and not from any shortage of candidates. I tried to include both genre classics and more recent examples. 

      Many of the cases in point are award-winning or widely popular, and often both. Other examples, I suspect, many readers will find unfamiliar. That, as software engineers say, is a feature, not a bug: an opportunity to discover new material and authors. And while my own stories and novels contributed only a small fraction of the examples, neither did I shy away from naming my own. There’s an advantage in knowing exactly what the author had in mind.

      If this book helps genre readers to better appreciate the underpinnings of hard SF or inspires even a few readers to careers in science or technology (as SF pointed me to my first career), or proves useful as a reference—or a source of story ideas—for SF writers, I’ll be most gratified. 

      On, then, to science and tropes. We’ll begin with a trope that applies broadly across the genre: the ability to communicate with beings from other times, places, lines of evolution, and dimensions...

      



    

SAY, WHAT?: Ruminations about Language, Communications, and Science Fiction

      Vanguard’s bridge was a lonely and boring place, but as a matter of tradition watch officer Joan Miller served her shift without complaint. To come upon more than a mote of dust or fleck of ice here in the depths of interstellar space would make the shift eventful indeed. 

      Only suddenly something was out here, and it was no mere fleck of ice. 

      
        Eyes wide, Joan studied her sensor array. Gravitational waves had drawn her attention. Something was making those waves. Something massive, moving fast, exploiting technology far beyond that of Earth. Something heading straight at her. 
      

      A ship? 

      
        Her heart pounded. At long last, humanity might have found a companion intelligence. 
      

      
        Before Joan could decide how to share the momentous discovery with her shipmates, an LED flickered on the comm console. With a trembling hand, she accepted the hail. Her holo tank filled with what brought to Joan’s mind the crossing of a walrus with a lobster. It wore an ornate garment of some sort, replete with sash, braid, buttons, medals, and gold epaulets upon its (four) shoulders. 
      

      “I say,” the creature began, its chitinous mandibles sliding over one another, its brush-like mustache wriggling, “Jolly good show meeting here, eh wot?” 

       

      
~~~


       

      Threw you right out of the story, didn’t I? 

      Why does the walrus/lobster know English, let alone speak English like a refugee from a Gilbert and Sullivan operetta? With chitinous mandibles, how does it even make sounds reminiscent of human speech? 

      We’ll chalk up that dreadful story snippet to making a point. To wit: in science fiction, language and communication details matter. In this chapter we’ll look at how language and communications can enrich an SF story—and at ways to bypass the related complications when communications details are less than central to the tale. (Our topic goes beyond human-alien encounters. As we’ll see, languages can change over time. Stories set in any era besides our own [including, but not limited to time-travel stories] should consider language issues, too. Ditto alternate-universe stories, even those set on a parallel “Earth.”) 

      Let’s begin by considering how different from English even human languages can get. 

      Variability in human languages: the view from low Earth orbit

      No overview can begin to do justice to the range of differences among human languages.[3] If you’ve studied any second language (or English is your second language), you already have a window into the many ways that humans differ over the nature of languages. Without exhausting the range of variations from English among human languages, consider:

       

      • How many tenses should there be? Spanish has two past tenses, one for events that definitely occurred once and another for events that repeat or continue. 

      • What’s the domain of gender? French and German assign genders to inanimate objects.[4] 

      • How many pronouns are needed? English, since it (mostly) eliminated thee and thou, has nearly eliminated the distinction between familiar and formal pronouns. The exception—most evident, one supposes, in the UK—is the royal we. 

      • What building-block sounds comprise a language? English lacks the guttural “ch” of Scottish, German, and Hebrew. Western languages lack the clicks of southern African languages like Xhosa and Zulu. 

      • How should languages be symbolized? Humans haven’t agreed, with billions of us embracing alphabetic systems and billions more using logographs and syllabaries. 

       

      With such variability among human languages, how likely is our walrus/lobster friend to speak English? 

      Let’s get physical

      Humans evolved to communicate via modulated sound waves. Fair enough: the noises we make can cross moderately long distances through the atmosphere, are reasonably non-directional, and can encode complex messages. But what other methods might have worked? 

      It requires no great stretch of imagination to suppose communication by modulating emitted (or reflected) light. Terrestrial life offers early steps in that direction. Pit vipers have infrared sensors apart from their eyes.[5] Octopi and squids camouflage themselves and signal emotion through changes in skin color.[6] 

      And why limit ourselves to visible and near-visible light when the electromagnetic spectrum is so broad? Aquatic life as varied as sharks, lungfish, and catfish have rudimentary electric-field sensors.[7], [8] Many migratory birds orient themselves with magnetic sensors.[9] 

      Other terrestrial species communicate by gesture (the dance of bees[10]) and chemically (ants leaving pheromone trails to guide foraging expeditions[11]). Human sign languages demonstrate that a gesture-based language can convey information in as nuanced a manner as voice. As one example among many, consider American Sign Language.[12] And while chemicals released into wind or water seem an unreliable means of communication, chemical packets physically delivered to a receptor—no different, in principle, than handing someone a written note—could be quite reliable. 

      It’s far from certain that language-capable aliens will use sound waves for their communications. 

      Picture this

       

      Humans evolved to communicate with sounds, but (mostly) we perceive the world visually. “I see” is synonymous for “I understand.” How different would languages be if communication and primary perception shared a medium? 

      Consider dolphins and their sonar-based navigation. Their sonic pings return a 3-D representation of the nearby ocean. Can dolphins imitate those echoes? If so, they can directly communicate 3-D images to their pod mates (as do, for example, the enhanced dolphins in David Brin’s Uplift universe).3 And if dolphins can emit sonic images of real scenes, why not also sonic images of imagined items? 

      


3 Written SF appears in many formats. For clarity, references to written examples are shown as:

       

      • Italic for novel titles (including novels that appeared only as serials).

      • “In quotes” for titles of fiction at shorter than novel length.

      • Mixed Case for names of fiction series, whether a series of novels, or shorter fiction, or a combination.

       

      As an example, Nancy Kress expanded her 1991 novella “Beggars in Spain” into the 1993 novel Beggars in Spain. The latter became the first novel of the Beggars series (or as listed in some venues, the Sleepless series).

      Hopefully not too confusingly, the names of magazines also appear (as per customary usage) in italic. Ditto, TV series and movies. Individual episodes of a TV series, when cited, are named “in quotes.”






      It’s not a big step from envisioning sonar-imaging dolphins in Earth’s oceans to radar-imaging aliens on another planet. 

      A familiar adage has it that a picture is worth a thousand words. Certainly human languages require many words to describe a visual scene. Our languages would be quite different if we could directly “paint” pictures. 

      Where am I?

      Languages encapsulate, among other things, our understanding of the world and our relationship to it. How might languages differ if our sense of the physical world differed? 

      Proprioception is the sense by which we relate the position of our body parts to each other and to the external world.[13] Humans are bilaterally symmetric, with sensors that favor a particular direction (i.e., define “forward”).4 Reflective of our physiology and proprioception, our speech is rife with references to that which is in front of, next to, and behind us. We place quite different values on what transpires to our faces and behind our backs. 

      


4 Most of us aren’t even quite bilaterally symmetric—we’re left- or right-handed. And so (righties being chauvinists), English offers us gauche (from the French word for left), as a synonym for tasteless and vulgar, and sinister (from the Latin word for left) as a synonym for threatening and creepy.






      Creatures with body plans other than ours might perceive—and describe—the world quite differently than humans do. Imagine a trilaterally symmetric alien, with limbs and sensory clusters spaced every 120o around its body. It walks, reaches, and senses equally well in any direction. Front/back and left/right distinctions do not apply. No reference solely to its body suffices to locate an object—or a fellow alien—relative to itself. 

      In my 2005 novel Moonstruck, the Krulirim have this body plan. I had to give these aliens a magnetic sense. A Krul locates an object in part by reference to the angle between a line toward the thing and a line toward the nearest magnetic pole. 

      With my left/right, front/back relationship to the world, it’s natural for me to locate an item as (for example) “three meters in front of me and four meters to my right.” A Krul (ignoring its use of meters and degrees as units of measure) might say in that circumstance that the item is “five meters distant from me and in a direction thirty degrees east from my bearing to the North Pole.”

      Now imagine the Krul relating the relative positions of separated objects or describing those objects’ positions to another Krul. The Krul’s propriocentric sense—and so, its language—necessarily deals with trigonometry. 

      Consider group minds like, but more intelligent than, the bees of a hive.5 What sort of proprioception—if any—might the collective mind have? How might its propioceptive “read-out” change as the collective’s members disperse and re-gather? How would one such collective mind describe the position of an object relative to itself? To another collective mind? 

      


5 Or less extreme (from a human perspective) than an intelligent hive, the Tines: intelligent packs of dog-like, ultrasound-linked creatures in Vernor Vinge’s 1992 A Fire Upon the Deep.






      A moving target

      Languages evolve. 

      Vocabulary changes. We don’t exactly speak like characters in a Shakespeare play. (“Who would fardels bear?” Hamlet asks in his famous soliloquy. A fardel, it turns out, is a Middle English term for a burden.) Or consider end-of-year “top word” lists (a couple of recent examples: H1N1 and [as a verb denoting concise communication] twitter). Consider the flood of terms entering the language from:

       

      • Company names (like Xeroxing and Googling). 

      • Acronyms (like RN, UFO, SAT, and AIDS). 

      • Commercials and popular culture (like “Where’s the beef?”) 

      • Cultural evolution (like “Ms.” as an honorific and “they” as a gender-neutral singular pronoun).[14]

      • Science and technology (everything from a veritable bestiary of subatomic particles6 to such neologisms as dark matter, blog, and carbon footprint). 

      


6 Even subatomic particles can have nicknames. The Higgs boson—a manifestation of the Higgs field, which provides many particles with the attribute of mass—is sometimes referred to as the “God particle.”






      • Current events (such as anything with the -gate suffix, from the name of a hotel that saw “a third-rate burglary attempt”). 

       

      Expressions go in and out of vogue. (Is “out of vogue” yet out of vogue?) “Hold your horses” is, to be charitable, on the dated side. “Too big to fail” is a recent coinage reflecting events that we would all be happier not to have experienced. Verbs become nouns, and vice versa, such that dynamite and telephone can be either part of speech.7, 8  Idioms borrow from literature (say, “Catch-22”) and from mythology (say, Pandora’s Box) in ways that don’t translate. 

      


7As a Calvin and Hobbes cartoon would have it, “Verbing weirds language.”






      


8Dynamite can even be an adjective, as in: that was a dynamite party last night.






      Pronunciations change, too, sometimes for no better reason than that people can’t always be bothered to enunciate clearly. English is full of anachronistic spellings: time capsules. And so it is that “rough” rhymes with “tough,” but neither rhymes with “though.” 

      Languages fragment and diverge. For example, around 500 B.C. Proto-Germanic split off from Indo-European. About a millennium later, one of Proto-Germanic’s many offshoots split into High and Low German—high and low being geographic distinctions—on the figurative road to modern German and Dutch (and amid that split, pronunciations shifted, too.) The fallen Western Roman Empire’s onetime European territories evolved various “Romance” languages (such as French, Italian, Spanish, Portuguese, and Catalan) by blending Latin with the local vernaculars, the local vernacular being variable, too, as Goths, Huns, Franks, and other ethnic groups shifted about Europe. 

      Languages collide. Redundant terms speak to successive conquests of England. Think house (from the German “haus”) and (upscale, from Old French, because the Normans were the last to conquer England) mansion. 

      Languages borrow from one another. You can travel Europe ordering a hamburger (in English, French, German, and Italian), hamburguesa (in Spanish), or hampurilainen (in Finnish). (As much as I enjoy hamburgers, I don’t recommend this course of culinary action.)

      National authorities also sometimes try (with mixed success) to resist such borrowings. Thus the “English” neologism telephone (from Greek roots tele [far] and phone [sound]) gave way for a time, by official decree, to the German neologism Fernsprecher (far speaker).9 The English neologism computer was rejected in favor of the French neologism ordinateur.10

      


9 My college German instructor, a grad student from Germany, taught that the Nazis purged many French and English technical terms. I find similar anecdotes on the Web, but nothing definitive—perhaps because I retained too little from that long-ago class to read articles in German. 

      Google Language Tools offers the following German translations for English telephone: Telephon, Telefon, Fernsprecher, Apparat, Telephonapparat, Telefonapparat, and Fernsprechapparat. Germans didn’t simply adopt the (classically derived) term from the inventor’s English.






      


10 The French government has long taken an interest in language purity. L’Académie française (http://www.academie-francaise.fr/) was established in 1635 as the official arbiter of the French language. Enforcement of language standards is very real, as GE Medical Systems learned to its dismay in 2006 when a French court ordered translation from English of all internal technical documents. 

      So note: L’Académie française prefers that you order viande hachée in lieu of that proverbial hamburger.






      How quickly do languages change? Without attempting to quantify change, conversation with adults merely one generation younger or older than I suggests an answer. Very. For one fascinating fictional example based on historical language shifts, see the 2009 short story “Come-From-Aways,” by linguist Tony Pi. 

      In short, human languages reflect more than our physiology—they reflect our history, technology, and sociology, too. Aliens’ languages may have similarly complicated origins. 

      Time out

      What about stories set in Earth’s future? Humans aren’t evolving so quickly we need to worry about changes to future humans’ sense organs or body plan.11 Or we can set our stories in the past to preclude changes to human nature. 

      


11 Or do we? In the not-so-distant future, we might learn to gengineer gills or new senses, enhance our natural senses with implanted prostheses, or upload our minds into (among the possibilities) a virtual reality, robotic shell, or cloned body. We look at “Human 2.0” later in the book.






      As we saw earlier, languages transform over time. Set a story in another era without addressing the language differences (“Chill out, dude,” Socrates said) and something is apt to seem amiss. 

      Communicating with strangers: the easy cases

      If two languages—and the beings who created them—are sufficiently similar, the difficulty can be finessed. After all, people do learn new languages. A story that opens long after humans and aliens (or whomever) first met can credibly assume that at least one side’s linguists previously figured out the other’s language. 

      Translation programs are common even today, although the current state-of-the-art in translation software is as often humorous as helpful. Correct and complete translation requires an understanding of both languages, their historical contexts, idioms, and literary traditions. Translation software, at its core, is a matter of artificial intelligence—and AI is certainly a staple of science fiction. (Also, the subject of two chapters toward the end of this book.)

      Stories dealing with travel to the past have a lower language hurdle. (Have you kept track of the metaphors that keep intruding? Pondered whether they’re apt to translate?) Our Hero can research the historically appropriate dialect of the language he’ll find spoken at his destination before jumping through time. Even then, the time traveler may, and probably should, be surprised once he arrives by idioms and pronunciation shifts absent from the historical record. 

      So much for the easy cases. What happens when the others’ languages, native environments, or worldviews are very different from ours? 

      Language-related tropes

      SF authors use many tropes to circumvent the problem of human/alien communications. 

      The simplest science-fictional language trope, so deeply embedded as to go unnoticed, is the universal language. It’s not that everyone suddenly adopts Esperanto.[15] Rather, future (or alien) science has discovered principles that—unknown to human science today—underlie all communications. Anyone knowledgeable of the underlying principles of the universal language can readily master any other language. 

      Does the universal language exist? No one has disproven it, so its use remains fair game for SF. That said, it’s difficult to imagine what underlying principles could encompass the many historical and physiological differences between human and all alien languages.12 

      


12 A universal language goes far beyond any hypothesized universal grammar (an overly broad term for any language-learning capabilities hardwired into the human brain, à la Noam Chomsky) and linguistic universals (supposed building blocks common across all languages, à la Joseph Greenberg). Proof even of the latter, among merely human languages, is hard to come by—and controversial. 

      See “MIT claims to have found a ‘language universal’ that ties all languages together: A language universal would bring evidence to Chomsky’s controversial theories,” Cathleen O’Grady, Ars Technica, August 6, 2015, http://arstechnica.com/science/2015/08/mit-claims-to-have-found-a-language-universal-that-ties-all-languages-together/. (And I agree with you, that headline ought to have named Greenberg, not Chomsky.)






      Humans, with the advantage of a common physiology, have yet to achieve a global language. 13,14  Technological shortcomings might once have precluded convergence on a single human language, but with radio, television, the Internet, and on-demand publishing, we could—at least among the high-tech societies—standardize on a single language. I don’t foresee that happening anytime soon. That begs the question: how many languages are apt to be extant within an alien civilization? If only one, that discovery alone would suggest interesting cultural differences between those aliens and humanity. 

      


13 Or we had a global language and lost it, if you take literally the Tower of Babel story.






      


14 If George Bernard Shaw is to be believed, even a shared language has its limits. To wit: “England and America are two countries divided by a common language.”






      If a universal language exists, that’s no guarantee everyone is physically able to receive or express a particular species’s realization of it. One may still need a universal translator to convert between such disparate formats as aroma blends and modulated sound waves. The universal translation device is only as plausible as the language skills and technological mechanisms by which it has been implemented. 

      The Star Trek franchise makes frequent use of a universal translator—or a not-quite-universal translator when plot logic requires a bit of misunderstanding. Viewers accept the (il)logic because a new linguistic puzzle every week would get tedious. 

      Perhaps we or the aliens can bypass the incompatible-language barrier through telepathy. Setting aside (until the chapter on “Alternate Abilities”) questions of how—even at the handwavium level of a trope—mind reading might work, this hypothesis raises questions about the relationship between thought and language. Unless thought operates independently of language (which doesn’t seem to be the case in my head), or thought uses the undiscovered universal language, it’s hard to see how telepathy can overcome language barriers. 

      What about a form of telepathy that bypasses language by directly transferring images, sounds, smells, or sensations of touch? Even among humans, that would be disorienting! Neuroplasticity enables each of us to adapt to idiosyncratic sensor shortcomings, such as degrees of color blindness, any loss of acuity to particular audio frequencies, and the like. We’re also idiosyncratic with respect to which and how many aspects of a scene or soundscape or olfactory background we focus on or tune in, with varying tolerances for distraction. 

      Inter-species information transfers (seeing and hearing in different frequency bands? Using different sensory suites altogether?) could only make raw-data-based mind-to-mind transfers more problematical.

      Whether in words or pictures, for telepathy to work across species—especially species with disjoint neural mechanisms and biochemistries—requires an additional leap of faith. Consider the range of possible data formats. If analog: modulated onto the strength/weakness or prevalence/scarcity of what underlying medium? If digital: using what symbol set, and with what type of error-correcting coding? If neural, which chemical(s) are involved, at what concentrations? Is information localized, as in familiar digital storage, or distributed, as in holograms and our own neural wiring? That’s only a small sample of the variability we might encounter among independently evolved biospheres. 

      (And you thought HD-DVD vs. Blu-ray was a thorny problem.)

      Finally—and not for the faint of heart—we come to the shush!-we’ve-all-agreed-to-look-the-other-way language trope. The Stargate: Atlantis franchise features remote worlds whose populations descended from humans abducted thousands of years earlier. Pegasus Galaxy humans speak English even though their ancestors left Earth before there was English. It’s an impressive feat that certainly moves along the storyline. Just try not to think about it.... 

      Putting it all into words

      So: your fictional aliens, alternate-Earth residents, and humans from other eras have language(s)—or at a minimum, pronunciation(s) and vocabulary(ies)—different from our own. By technology or by trope (this expression is hereby offered as a replacement for “by hook or by crook”; reasonable terms available) the human or human-empathetic characters establish communications. An important question remains: how, within the story, do we represent that communication? Writers have used many techniques: 

       

      • Foreign words or short phrases rendered into a familiar character set sprinkled into otherwise English text. Items without human equivalents, like advanced technologies of the aliens, retain their alien character. (For example, the bigger-than-worlds artifact that is the Ringworld is constructed from a substance so strong and dense that it blocks a substantial fraction of solar neutrinos. That’s amazing stuff, without any human equivalent. And so, throughout Larry Niven’s Ringworld series, that material goes by the natives’ term: scrith.)

      • As above, but with foreign usages limited to proper names. Guillaume, when he visits London, may speak English, but he doesn’t start referring to himself as William. (Of course English readers can pronounce, to greater and lesser degrees, the name Guillaume. What if the alien names are hard or impossible to pronounce? I have it on good authority—read: irate emails—that such words annoy some readers. Should I as an author avoid hard-to-pronounce terms? Perhaps sometimes: when language cues aren’t meant to emphasize the alien nature of the nonhumans.) 

      • Alien concepts sprinkled into dialogue, whether literally or metaphorically. In Trial by Fire (2014), Charles E. Gannon enriches the translated speech of the exosapient Arat Kur using metaphors that emphasize their alien/subterranean nature.

      • Aliens with great language skills, who have mastered English so that the human characters (and readers) don’t have to learn, say, Tau Cetian. 

      • Arcane word orders that make the English seem alien. (In the Star Wars universe, Yoda and Jar Jar Binks, think of you will. Better yet, don’t think of them. Annoying, they are. Strong, the aggravation becomes. Weirdness, an inferior substitute for alien is. On the fantasy side of speculative fiction, J. R. R. Tolkien used archaic wordings to great effect to give Middle Earth a terrifically other feel.)

      • Alien speech and writing rendered into non-Roman character sets, even to non-linguistic symbols such as musical notes, with translations offered nearby. (Such as the Mother-Thing alien sings/speaks in Robert A. Heinlein’s 1958 Have Space Suit—Will Travel.)

       

      Bottom line: the author must fit the technique(s) to the story. And nowhere is that challenge harder than where tropes just won’t serve.... 

      Search for Extraterrestrial Intelligence (SETI)

      SETI inherently deals with another civilization’s communications (a topic we’ll revisit in “Alien AWOLs”). Suppose Earth’s observatories hunt for extraterrestrial signals, perhaps transmitted our way as microwaves or laser beams. What formats of long-range communication might the aliens use? Suppose a signal is detected. What method(s) might extract the signal’s meaning? If a signal seems intended for us, how will we ascertain what the aliens are attempting to convey? If a signal seems accidental—their analogue, perhaps, of American Idol, spreading at light speed across the galaxy—what meaning might we manage, through cleverness, to extract? 

      It’s hard to imagine a SETI story that is not at least somewhat concerned with the details of communication. Tropes won’t do—there is no story without delving into the method by which the signal is received, what within the signal is understandable, or the cleverness with which that meaning is determined. In a SETI story, we can hardly start to understand the aliens by tapping our chests and over-enunciating our names. 

      How might we find meaning in an alien radio broadcast? It’s not as though we can hope to uncover something like the Rosetta Stone.[16] 

      Except that for some messages Nature is a Rosetta Stone. To the extent physical laws are universal—and known to both parties—representations of those physical laws may provide a basis for mutual understanding. 

      Why may? Because common understanding of physical principles does not assure compatible representations. Newton and Leibniz, for example, developed quite different representations for differential calculus. Schrödinger’s equation and Heisenberg’s matrix mechanics are very different representations of quantum mechanics. And on, and on.... 

      Lots of hard work would be required to establish a mutual understanding of the physical domain. 

      If limited translation succeeds from clues provided by physical laws, what then? It’s less than intuitive how to proceed from a specialized vocabulary based upon shared physical discoveries to the broader vocabulary necessary to discuss unrelated-to-science topics. “Catch-22” is far afield from the periodic table. 

      I’m hardly the first SF writer to wonder how distant species might establish communications. Nor am I the first to suggest that the universality of physical laws would provide common ground. H. Beam Piper’s novelette “Omnilingual” did the latter way back in 1957. The story involves astronauts finding the ruins of an extinct Martian civilization and one explorer recognizing a periodic table—and seeing its value in cracking open the Martian library.

      My novelette “Dangling Conversations” (2000) opened with a SETI discovery and went on to delve deeply into interstellar message-coding issues. Expanded and combined with related stories, “Dangling Conversations” provided the opening segment of my novel InterstellarNet: Origins (2010). As the term InterstellarNet suggests, the communication mechanisms—and attendant challenges—grow complex over time.

      A trail of bread crumbs

      Earth’s earliest transmissions were likely submerged in the naturally occurring radio emissions of the Sun,15 but perhaps aliens with sensitive receivers can make out humanity’s more recent transmissions. It’d be interesting if visitors were to back-track such signals and come calling already conversant in English (or Cantonese, or whatever). 

      


15 As our discussion ranges across time and space, we’ll encounter all manner of astronomical objects. Some object categories (such as planets and asteroids) have labels separate from the name of any particular example; other categories, alas, muddle the general and the specific.

      For clarity, therefore, throughout this book I’ve capitalized the name of any uniquely identified astronomical object, and I’ve left uncapitalized the category labels for generic object classes. Hence: 

       

      • the Sun is the nearby star that warms Earth; a sun could be any star. 

      • the Moon is Earth’s one natural satellite; a moon could be any satellite anywhere (such as, for example, Titan in orbit around Saturn or Europa in orbit around Jupiter). 

      • the Solar System is the Sun (aka Sol, after the Roman sun god) and its planets, asteroids, etc.; a solar system is any star and its retinue. 

      • The Universe (or in some instances, the Multiverse—we’ll come to that) is everything; a universe, while something enormously expansive, is one of many vast things.






       

      But can Earth’s transmissions teach human languages? Our broadcasts are hardly designed for an alien audience. The transmissions employ a multitude of frequencies (not all of which propagate equally well through the interstellar medium), carrier-wave modulation schemes (e.g., amplitude and frequency modulations), data representations (e.g., audio and audiovisual, analog and digital, “in the clear” and encrypted), and spoken languages. Superimposed over the unending radio and television chatter are powerful radar pulses. 

      Suppose nearby aliens (including those simply passing through the neighborhood) intercept Earth’s transmissions of the past several decades. If their capabilities are sufficiently advanced—if, say, they’ve been civilized and technologized for much longer than humans—perhaps they will have mastered decoding or translation methods we primitives cannot yet imagine. If so, they may glean everything about us from our broadcast cacophony, including how to tap into the Internet, while en route. 

      That said, reconstructing video from TV broadcasts seems like a simpler task than extracting meaning from radio broadcasts or TV’s audio subchannel. If so, imagine what impression video alone—say, from the evening news—might make. Perhaps humanity should hope that “we’re here, and we use technology” is the only significance that distant visitors can attribute to our transmissions. 

      (My Krulirim discovered Earth by back-tracking TV broadcasts. And encountered, amid all that chatter... Sesame Street. Say what you will about Big Bird, his show might be educational for aliens, too.)

      First Contact

      First Contact stories up the ante: the interaction is face (or whatever) to face. Where SETI stories look for the commonalities among species that might enable communication, First Contact stories more often focus on our differences. It’s hard to imagine a First Contact story in which inter-species differences don’t manifest in contrasting worldviews and languages. 

      For example, the 1998 novella “Story of Your Life,” by Ted Chiang, revolves around a linguist mastering the newly arrived aliens’ (very alien) language, and the worldview implicit in it. She succeeds only when a physicist in the contact team recognizes an alternative perspective to how human physicists usually formulate physical laws. The linguistics/physics conundrums are laid out for the reader in a very striking story.16

      


16“Story of Your Life” is the basis of the 2016 movie Arrival (which omits the physics element of the story).






      Ryan W. Norris, in his 2016 novelette “Not Quite Taterona Kempi,” offers a DNA-based communications scheme. Would-be readers can interpret its messages only by recourse to an Earthly ecosphere for reference. Long after humanity is gone, such messages might be translated by alien passersby or our evolutionary successors. In Norris’s story, the eventual beneficiaries of an extinct humanity’s time capsule had evolved from mice.

      But from the Department of Special Cases... the SETI discovery or First Contact situation can itself be a trope, the author’s way to make us think about ourselves and our culture. Challenges in translation, or the detailed process of learning a new language, are downplayed because the focus is on (a) the message content or (b) the unexpected truths about ourselves that the existence of aliens forces the human characters to confront. 

      For example, consider Planet of the Apes, by Pierre Boulle. In this 1963 novel, far more than in the many subsequent movies, the ape/human reversal is blatantly allegorical. Major worldview or language differences would only have obscured the point. 

      From which we conclude

      Tropes and translations, alphabets and aliens, worldviews and walruses... this chapter has covered a lot of ground.[17] 

      But for a particular story, what does this all mean? Should an alien-featuring story entail an alien language, complete with lexicon, syntax rules, and odd idioms? Should a time-travel story feature classical Greek or Elizabethan English? Or should authors gloss over the complexity, sticking with tropes? 

      It depends. The needs and logic of the story outweigh the alien creatures and the temporal displacements. 

      Back to our story

      So why does our walrus/lobster friend speak like a Victorian English gentleman? Because parody is one more reason to break the rules—

      And (check his uniform) he is the very model of a modern major-general.

      



    

I GOT THE LONG-DISTANCE BLUES: Why Interstellar Travel Is Hard

      There is a reason why faster-than-light travel appeals to the storyteller. In a word, because the Universe is big. 

      Suppose I wish to set a story on a planet of a star other than the Sun. The setting nearest Earth is the three-star Alpha Centauri system. Alpha Centauri C (aka, Proxima Centauri) is a red dwarf star ~4.22 light-years (LY) from Earth; its companions are a bit farther at 4.36 LY. 

      That 4.22 doesn’t sound far, but only because our unit of measure, the LY, is so vast. Traveling at about 300,000 km/sec (186,000 miles/sec) in a vacuum, light goes about 10 trillion km (6 trillion miles) in one year. Using more precise numbers (9.46 trillion km/year) the distance to Proxima Centauri is ~39.9 trillion km. In scientific notation, that’s 3.99 X 1013 km. 

      A long way to move my characters. 

      For comparison, consider “merely” the distances that separate Earth from more familiar objects.[18] The average distance between the Earth and the Moon—the limit, to date, of in-person human exploration—is only 3.84 X 105 km. The average distance from the Earth to the Sun, also known as one astronomical unit (AU), is ~1.5 X 108 km. From the Sun to Mars, the average distance is ~2.28 X 108 km, or 1.52 AU. (Earth and Mars approach each other more closely, on the order of 5.5 X 107 km [or 0.37 AU.]) From the Sun to Pluto—only recently visited for the first time by a human-built space probe—is, on average, 5.9 X 109 km (39.5 AU). 

      Thirty-eight years after launch, NASA’s Voyager 1 probe—the fastest-moving object ever launched from Earth, having gone farther than anything else ever built by man—is ~20.1 billion km (134.3 AU) from the Sun.[19], 17

      17Fastest relative to what, you ask? Voyager 1 is the fastest object headed away from the Sun, a bit faster than her sister spacecraft Voyager 2 and than the New Horizons probe that recently streaked past Pluto. 

      But not the fastest spacecraft of all. The Helios A and Helios B probes, long out of service, are in highly elliptical orbits around the Sun. At their closest approach to the Sun, or perihelion, these probes clip along at about 70 km/sec (versus about 17 km/sec for the outbound Voyager 1). 

      See http://io9.com/5786083/what-are-the-fastest-spacecrafts-ever-built.



      Let’s contrast Voyager 1’s epic exploration with the distance separating the Sun from next-door neighbor Proxima Centauri. That’s (20.1 X 109 km / 3.99 X 1013 km) ~ 5.04 X 10-4. Voyager 1 has traveled only a small fraction of one percent of the distance to the nearest star. 

      Past nearby stars, the numbers become yet more daunting. The Milky Way Galaxy—and who among us hasn’t a soft spot in his heart for sagas of galactic empires?—is, loosely speaking, a disk measuring 100,000 LY in diameter and 1,000 LY thick.[20]

      Storytelling without FTL

      There are great science-fictional stories that embrace these challenges in distance and time. Some involve generation ships, like Brian Aldiss’s Starship (1959) (in the UK, Non-Stop (1958)), Robert A. Heinlein’s Orphans of the Sky (1963), Harry Harrison’s Captive Universe (1969), and Kim Stanley Robinson’s Aurora (2015). Other stories exploit the extreme time dilation of near-light-speed travel and the associated one-way trip to the future, including Larry Niven’s novelette “The Ethics of Madness” (1967), Poul Anderson’s Tau Zero (1970) and Joe Haldeman’s Forever War (1975). Yet others, like Andre Norton’s The Stars Are Ours (1972) and Vernor Vinge’s A Deepness in the Sky (1999), put the crews into suspended animation for the long, slow trip. 

      Starfaring without FTL: some options

      As our Voyager 1 experience suggests, chemical rockets aren’t going to support interstellar travel. Even to loft a satellite into low Earth orbit, at a velocity of ~8 km/sec, burns a lot of fuel. Most fuel serves to carry the fuel to carry the fuel to... carry the payload. 

      We know how, in principle, to do better. That is, we can conceptualize propulsion technologies that rely upon fuels of a much higher energy density (read: nuclear) and/or in which ships don’t carry fuel at all. Examples:

       

      • Solar sailing. Light from a star pushing against a large surface yields a slow but steady acceleration over a long time. The Japanese Ikaros probe successfully demonstrated the technology in 2010.[21] 

      • Photon-beam propulsion. Sunlight dims rapidly with distance (a pesky inverse square law is at work), so substitute a high-intensity laser beam. The beam diverges slowly with distance, and so the overall system performs better than strictly solar sailing. (Quite possibly, a space-based, solar-powered, phased array of lasers would be used. Atmosphere would then neither dilute the sunlight powering such an array nor scatter its beam.18) And in breaking news during my final edit pass: a Russian billionaire has pledged $100M to develop a swarm of gram-scale probes for an Alpha Centauri flyby. The Breakthrough Starshot project envisions using ground-based lasers to speed its tiny solar-sail probes on their way.[22]

      18 But be careful where you situate any such interstellar-grade energy projector. A powerful space-based energy beam, laser or otherwise, when suitability mis-targeted, becomes a weapon of mass destruction. 

      In my 2012 novel Energized, the boon-turned-bane system was the high-intensity microwave beam intended to down-link power generated aboard a miles-square Earth-orbiting solar power satellite. That satellite was constructed, mostly by robotic labor, from materials mined from an asteroid captured to Earth orbit.



      • Electric sailing. Replace a gossamer sheet that catches sunlight with a few miles-long high-voltage wires. The fast-streaming, positively charged protons of the solar wind push against the electric field projected by the positively charged wires.[23]

      • Magnetic sailing / mass-beam propulsion. The magnetic field projected by one’s ship reacts against an incoming beam of electrically charged particles. The complication, of course, is that charged particles repel one other—they won’t stay in a tight beam. So: a mass projector must propel vast numbers of electrically neutral pellets at high speed toward the starship. Shipboard lasers vaporize and ionize the incoming pellets just before they arrive.19, [24] 

      19 A ship’s magnetic field can also push against planetary and solar magnetospheres, but (as with pure solar sailing) the propulsive potential diminishes quickly with distance. On the other hand, repelling the solar wind at a voyage’s destination can help a starship to decelerate.



      • Nuclear-explosion propulsion (aka Project Orion). Lob a nuclear device behind your ship. The explosion presses against a pusher plate (remember to put a big shock absorber between the plate and crew portions of your ship). Repeat.[25] 

      • Fusion rocket. Fuse hydrogen into a very hot (read: high speed) helium exhaust. 

      • Bussard ramscoop. Your fusion rocket projects magnetic fields to sweep up hydrogen fuel from the diffuse interstellar medium. Fuel collection increases with the ship’s speed and (the somewhat variable) density of interstellar gas. Onboard fusion fuel is needed for preliminary acceleration and final deceleration.20 

      20 Or a ramscoop might not work at all. Much of the interstellar medium takes the form of hydrogen ions, and a magnetic field moving through a sea of ions experiences drag. You can find arguments on both sides of whether a Bussard ramscoop is practical. 

       

      For people in the “won’t work” camp, a silver lining: magnetic wings, such as a Bussard ramscoop would deploy, may offer an excellent way to slow down at the end of an interstellar journey.



       

      None of which is to suggest that building a starship and/or its external propulsion system will be easy. And for anything other than a flyby mission, all the energy that went into accelerating a vessel to high velocity must (somehow) be shed at the other end. It might be prudent, for reasons beyond advanced scouting, for the first mission sent to another star to be robotic. That
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