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SPACE

Welcome to The Science of The Big Bang Theory, the ultimate dissection of television’s favorite sitcom. With over two hundred episodes and a dozen seasons, The Big Bang Theory is a hallmark American television series, and one that not only and unusually places science center stage, but also brings a new class of character to mainstream television: the science nerd.

The show is undeniably popular and influential in shaping public attitudes to science and scientists, and yet there are few books that explore the show’s culture and social dimension, and the science that sits behind the script. This book does just that. It’s at times a light-hearted, and other times a hard-hitting, science companion to The Big Bang Theory. It looks behind the comedy scenes and scripts of the show to provide you with the kind of dissection of the science and culture you’d need to understand “math, science, history, unraveling the mysteries, that all started with the big bang! Hey!” as they say in the show’s theme song.

Like other books in this series (The Science of Superheroes and The Science of Science Fiction), this book is split into four sections of space, time, machine, and monster. The topic of space comes up often in episodes of The Big Bang Theory, whether it’s references to the “final frontier” of Star Trek, or the character of Spock, or the vast interstellar depths of the cosmos and the legions of fleet and nimble spaceships of Star Wars. The selection of space topics in this first section of the book shows the huge range of science subjects on display, from the fashion implications of physics in the episode “The Middle-Earth Paradigm,” to the expectation of alien invasion in “The Earworm Reverberation.”

Some topics are quintessentially space, such as the imagining of alien life implied in “The Bat Jar Conjecture” episode and the direct reference to particle astrophysics in “The Grasshopper Experiment.” But for other space topics, we have to dig deeper and think a little more playfully about what we mean by “space.” The issue of teleportation in “The Jerusalem Duality” is a unique form of travel through space. Sheldon’s snobbery about geology in “The Geology Methodology” is questioned by thinking about the geographical space on our planet and how important the planetary science of geology has been to discovering the truth about the human journey on this Earth.

Finally, we think about historical space. Sheldon’s famous “fun with flags” game is featured in, among many other episodes, “The Valentino Submergence.” Here you could think of the history of many nations on Earth as a story about the pursuit of empire, and the conquest of space. To capture foreign territories in the quest for land, or geographical space, and to claim that glittering prize as your own. It’s a conquest of space in a very real way. Sadly, in “The Luminous Fish Effect,” Sheldon once more shows his ignorance on the topic of geology, so we explore Sheldon’s contention that there’s nothing interesting about caves by taking a look at the importance of the subterranean space of caves for those who dream of traveling to the remote corners of the solar system, and beyond.





THE MIDDLE-EARTH PARADIGM: SHELDON AND PHYSICS FASHIONS

In “The Middle-Earth Paradigm,” Season 1, Episode 6, Sheldon attempts to wear the Doppler Effect in clothing.
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“The frequency of a wave-like signal—such as sound or light—depends on the movement of the sender and of the receiver. This is known as the Doppler Effect. Some of its manifestations, we know from everyday life, such as a fire engine’s siren abruptly changing pitch as the engine passes by; others are of interest in astronomy and astrophysics.”

—Einstein Online, a web portal on Einstein’s theories of relativity

“In astronomy, that source can be a star that emits electromagnetic waves; from our vantage point, Doppler shifts occur as the star orbits around its own center of mass and moves toward or away from Earth. These wavelength shifts can be seen in the form of subtle changes in its spectrum, the rainbow of colors emitted in light. When a star moves toward us, its wavelengths get compressed, and its spectrum becomes slightly bluer. When the star moves away from us, its spectrum looks slightly redder . . . The pattern of a star’s Doppler shifts can change over time as a result of gravity affecting the star’s motion. Recently, [scientists] used the Doppler Effect to detect color shifts in the light absorbed by an exoplanet, which indicated strong winds in the planet’s atmosphere.”

—“Explained: The Doppler Effect,” MIT News (2010)

Dressing Up All Doppler

In the “The Middle-Earth Paradigm” episode, our usual suspects get dressed up for Penny’s Halloween party. Leonard is Frodo from Lord of the Rings, Howard is Robin Hood, though everyone thinks he’s Peter Pan, and Raj is the Norse god Thor. But it’s Sheldon’s ambitious costume that stands out most; no one knows what he’s meant to be. To be fair, a Doppler Effect costume was always going to be a challenge, so it’s understandable why Sheldon’s take on Doppler in dress code is pretty lame. The stripes of the costume, gradually thinning toward the center of Sheldon’s chest that also features a white dot, are meant to portray the contrasting shifts in wavelength and frequency, depending on the sender and receiver of the signal. Sheldon tries to help along this visual ambiguity by demonstrating the Neeeeoooowwwww! sound of the change in pitch of a fire engine passing by, though the penny still doesn’t drop for Penny.

In this book’s entry on The Joys of Spectroscopy, we explain the Doppler Effect: how wave-like signals, such as light and sound, depend on the movement of the sender and receiver. This same effect results in a fire engine’s pitch being distinctly higher when approaching than when receding, as well as in the famous red shift read on a galaxy’s Fraunhofer lines as they race across space from the Big Bang. These examples present two other costume possibilities for Sheldon. First, some wearable audio tech, which simply plays the Neeeeoooowwwww! sound when other party-goers get close, or else some kind of artistic representation of red shift; for example, a red T-shirt boasting the caption THIS SHIRT IS BLUE, IF YOU RUN FAST ENOUGH.

Yet another Doppler costume option is an exoplanets T-shirt, but this needs a bit of explaining. The use of Doppler shifts in light is one of the main techniques for discovering exoplanets beyond our solar system. Exoplanet discovery is a cutting-edge part of modern physics, so the T-shirt would probably be a talking point. This is how Doppler works for such planets: if a sample star is without exoplanets in orbit about it, then there will be no change in the pattern of its light output over time. However, if a sizeable exoplanet is in orbit about the star, then the gravitational pull of this unseen planet will perturb its parent star’s motion, affecting a detectable change in the Doppler pattern over time. In short, the pattern of a star’s light can be seen to Doppler change due to the exoplanet’s gravity. This is not only true for stars in outer space with sufficiently large exoplanets, but also for aliens in deep space looking back at our solar system: our sun would be seen to Doppler wobble due to the influence of Jupiter. So, what’s Sheldon’s Doppler exoplanets T-shirt option? A black T-shirt showing a toy telescope and a star pictured at two extremes in its “circular” orbit: at one extreme, as it moves away from the ’scope, the wavy light signal it sends back to the telescope is red; and at the other extreme, as it moves toward the ’scope, the wavy light signal it sends back to the telescope is blue. The T-shirt could be captioned DOPPLER STAR WOBBLES DISCOVER EXOPLANETS! or something of that sort.

Shit Happens!

This Sheldon question, of representing complex science concepts in clothing, reminds me of an episode from a few years back. I was absent-mindedly driving into town when I noticed a bumper sticker on the car in front of mine. SHIT HAPPENS!, the bumper sticker declared. In my head, I’m sure I could hear George Carlin saying something like, “Damn right it does.”

But, at the time, I was working as a tenured professor of science communication at university. The public communication of science-related topics to nonexperts was my job. Science communication had started with professional scientists doing so-called “outreach,” or “popularization,” but later, science communication evolved into a professional field in its own right. The field now embraces publishing and journalism, science museums and exhibitions, and media production. Anything, in fact, that includes communication between scientists and nonscientists. And as it was perfectly permissible for science communicators to use humor, storytelling, and metaphor to get their point across in an amusing and entertaining fashion, my mind began to fixate on that SHIT HAPPENS! bumper sticker.

In two words, SHIT HAPPENS! seemed like a perfect encapsulation of chaos theory, that interdisciplinary study of the apparent randomness of chaotic complex systems. Chaos theory, whose founding guru Edward Lorenz had only managed a definition of “when the present determines the future, but the approximate present does not approximately determine the future,” had been whittled down by nonexperts into the far superior definition of SHIT HAPPENS! It was so ingenious, I’d even begun to kid myself that Jeff Goldblum, playing Dr. Ian Malcolm, science fiction’s most famous chaos theorist, had actually said, “Shit happens!” at some point during the original Jurassic Park movie. (Checkpoint: Goldblum’s character doesn’t in fact say this, but he does say, in reply to an inquiry as to whether he has any kids, “Me? Oh, hell yeah, three. I love kids. Anything at all can and does happen. Same with wives, for that matter . . . I’m always on the lookout for a future ex-Mrs. Malcolm.”)

I was so taken by SHIT HAPPENS! in fact that I started to set myself a professional challenge: what other famous science concepts could be neatly encapsulated into a two-worded summation, with the proviso that one of the words has to be “shit”? Even before I began to conjure up my science concepts, I began to plan a whole range of lucrative bumper stickers and T-shirts of the kind that fashionable physics nerds like Leonard, Sheldon, and Raj would wear.

First up was Darwin’s theory of evolution. SHIT EVOLVES! perhaps, or even better, SHIT CHANGES! The associated T-shirt could sport an image of a carnivorous dinosaur in silhouette, eating that outline drawing of a fish with the word “Jesus” inside it. Or that popular logo, for some, where the fish outline either features the name Darwin inset, or has sprouted legs and encapsulates the word evolve. Or that 1871 caricature of Darwin as an ape published in the satirical magazine The Hornet, with the heading “A Venerable Orang-outang.” The possibilities are plentiful.

Next up, the big bang theory in cosmology. The two-word slogan of choice for this would be SHIT EXPANDS!, of course. And yet the visual representation of the big bang itself, under the slogan, proved a less than trivial exercise. One possibility is a three-color map of the sky in microwave. This is an all-sky picture of the infant universe created from nine years of microwave data. The image allegedly reveals the roughly fourteen-billion-year-old temperature fluctuations (shown as color differences) that correspond to the seeds that grew from the big bang into the galaxies that physicists know and love today.

A third example would be the geological theory of plate tectonics. That theory, in which the Earth is pictured as a jigsaw puzzle of crustal plates, moving slowly about the globe on molten gloop, could be summarized in the eye-catching, though admittedly less than romantic slogan of SHIT FLOATS! The T-shirt illustration for plate tectonics would be a no-brainer and might feature a cartoon planet Earth, complete with its plates, jauntily floating about on the gloop.

With these thoughts in mind, I caught a plane to Copenhagen, where I was about to coincidentally run a workshop on the question of science communication for a group of European physicists. Many of these guys were nuclear physicists, and, I kid you not, the group leader was a “Professor Bang.” Anyhow, I figured this was my chance to road test my “shit shirts” collection of physics T-shirts, to a captive audience who would surely be exactly the kind of prospective customers my business concept was out to capture. The session went well, with a number of other ideas added to the mix: SHIT REACTS! for Newton’s Third Law of Motion, a less than convincing SHIT’S RELATIVE! for Einstein’s Theory of Relativity, and SHIT’S WEIRD! for quantum theory. Someone even suggested a T-shirt of SHIT’S DECENTRALIZED! for science’s most revolutionary discovery, the heliocentric cosmology of Copernicus, who first suggested the Earth revolved around the sun, and not the other way around.

I never did launch my physics “shit shirts” business plan. Maybe the business name is something of a problem. Whatever. If there are any bored venture capitalists out there looking for a sure thing, please contact my publisher.





THE EARWORM REVERBERATION: AN EXPECTATION OF EXTRATERRESTRIALS

In “The Earworm Reverberation,” Season 9, Episode 10, Raj talks of the work of the United Nations, Department for Outer Space Affairs.
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“The United Nations Office for Outer Space Affairs (UNOOSA) is the United Nations office responsible for promoting international cooperation in the peaceful uses of outer space. . . . It also maintains a twenty-four-hour hotline as the United Nations focal point for satellite imagery requests during disasters and manages the United Nations Platform for Space-based Information for Disaster Management and Emergency Response (UN-SPIDER).”

—Unoosa.org (website for the United Nations Office for Outer Space Affairs)

“No one would have believed in the last years of the nineteenth century that this world was being watched keenly and closely by intelligences greater than man’s and yet as mortal as his own. . . . With infinite complacency men went to and fro over this globe about their little affairs, serene in their assurance of their empire over matter . . . At most, terrestrial men fancied there might be other men upon Mars, perhaps inferior to themselves and ready to welcome a missionary enterprise. Yet across the gulf of space, minds that are to our minds as ours are to the beasts that perish, intellects vast and cool and unsympathetic, regarded this Earth with envious eyes, and slowly and surely drew their plans against us.”

—H. G. Wells, The War of the Worlds (1898)

Alien Invasion

A host of alien spectres have haunted humans for decades, ever since H. G. Wells opened his 1898 novel, The War of the Worlds. The story starts with the most superb opening in the entire history of science fiction, and with the promise of alien invasion. The Martians in Wells’s book are agents of outer space, a space that powerfully shatters our human domain. The War of the Worlds is the greatest and most influential of all alien contact stories and is a Darwinian fable on a universal scale.

One of the main points of The War of the Worlds was that Wells was truly annoyed at the idea of the “becoming of man” or the contemporary theory of the origin and evolution of human society. So, his book begins with a quote from Johannes Kepler on the topic of life on other planets: “But who shall dwell in these worlds if they be inhabited? . . . Are we, or they, Lords of the World? . . . And how are all things made for man?” The book becomes a battle between Earth and Mars, humans and Martians. And to underline Wells’s point, the narrator of the story of this struggle for survival is a philosopher, writing a thesis on the progression of moral ideas with civilization. The narrator’s assumption of a bright future is rudely blown apart in midsentence by the brutal natural force of evolution in the shape of the Martian attack.

Wells had been well aware of the possibility of alien life for some time. He had contributed to the extraterrestrial debate in 1888 at the Royal College of Science on the subject Are the Planets Habitable? He had also written essays in support of fellow authors on the topic of possible alien life, such as Kepler, French writer Camille Flammarion, and American businessman Percival Lowell, whose wrong-headed obsession with “evidence” of life on Mars had recently reached Europe. Rather than being a whimsical work of fiction, The War of the Worlds demolishes the idea that man is the peak of evolution. Instead, Wells creates the myth of a technologically superior alien intelligence.

Mars is a dying world. Its seas are evaporating, its atmosphere melting away. The entire planet is doomed, so, as Wells writes in The War of the Worlds, “to carry warfare sunward is, indeed, their only escape from the destruction that generation after generation creeps upon them.” So the terror of outer space is brought down to Earth. Wells delivers repeated reminders of “the immensity of vacancy in which the dust of the material universe swims” and evokes the “unfathomable darkness” of space. Life is portrayed as precious and frail in a cosmos that is essentially deserted.

The modern ideas of alien invasion and contact, such as those featured in The Big Bang Theory episodes “The Earworm Reverberation” and “The Large Hadron Collision,” owe everything to Wells. The distinctive physiology and intellect of Wells’s Martians made them the prototypical aliens. Their Tripod crafts tower over men in body, as the vast intellects of their occupants tower over human intelligence. Somewhat like Sheldon (physically frail, but mentally intense), the Martians and their superior machines are instruments of human oppression. Their weapons of heat rays and poison gas are dehumanizing devices of mass murder. All attempts at contact are futile, furthering the idea of the aliens as an unrelenting force of outer space.

In fact, since Wells, alien invasion has become such an inexhaustible topic for fantastic film and fiction that we expect them to head over the horizon at any moment. Alternatively, as American anthropologist Loren Eisley powerfully suggests, there may not be aliens dwelling in space at all: “So deep is the conviction that there must be life out there beyond the dark, one thinks that if they are more advanced than ourselves, they may come across space at any moment, perhaps in our generation. Later, contemplating the infinity of time, one wonders if perchance their messages came long ago, hurtling into the swamp muck of the steaming coal forests, the bright projectile clambered over by hissing reptiles, and the delicate instruments running mindlessly down with no report . . . in the nature of life and in the principles of evolution we have had our answer. Of men elsewhere, and beyond, there will be none forever.”

I’ve sometimes used the example of Superman to illustrate the point about the influence of H. G. Wells on the modern idea of alien invasion. The Man of Steel was born as Kal-El on the alien planet of Krypton. His parents, Jor-El and Lara, learn of Krypton’s imminent destruction, sounding exactly like the kind of entropic decay Wells envisioned for Mars. So, Jor-El builds a spacecraft to carry Kal-El to Earth. Now, according to Superman #132, Krypton was three million light years away from our home planet. Cosmically speaking, that’s not so far. But it’s hardly next-door neighbor, either. Over twenty other galaxies sit between Superman’s world and our Milky Way. What, we might wonder, inspired Jor-El to send his son Earthward? Let alone the exacting logistics of launching a rocket on a light year’s trajectory in this direction, and given the certain billions of planets between Krypton and here, and assuming there are probably thousands of civilizations per galaxy, you get a good idea of the poor thinking behind the plan.

Alien Invasion

So, what of the work of UNOOSA, the United Nations Office for Outer Space Affairs? Howard’s comment on their work is “Mm, boy, that’s one of those jobs that’s boring, boring, boring, then, oh, God, where’s the memo with what we do now?” And yet the expectation of alien invasion has developed little since The War of the Worlds. Wells said nothing about alien culture. Martian culture seems bestial, wasted away by some entropic decay and whittled down to nothing more than a barbarous justification to invade Earth. And the Martians have little interest in the many forms of human culture. Instead, like vampires, they are intent only on human blood. And this pared-down rationale for human oppression inspires readers of The War of the Worlds into loathing the Martians and has greatly influenced how we think about the latent power of alien invasion on Earth, like an unsolicited natural selection from outer space.

Wells’s Martians are inhabitants of a dying planet, which is fast winding down into desert. But this exceptional case for alien invasion, within our solar system, has been thoughtlessly adopted many times. Writers of film, fiction, and comic books have mostly aped the same invasion myth, but without truly addressing the exceptional case Wells made for the Martians. Not only that, but in an attempt to eclipse the master and his Martians, writers attributed ever greater power to aliens. And they gifted to Earth the promise of unimaginable riches, a glittering prize of a planet not only of value to the small desert world of Mars, but for any imaginable civilization in the Galaxy, and beyond.

The impact of real alien contact would depend on factors such as the method of discovery, the nature of the aliens, and their location relative to the planet Earth. With these factors in mind, the Rio Scale has been developed to get a better picture of the potential results of contact. One study, by astronomer Steven J. Dick at the US Naval Observatory, looked at the cultural impact of alien contact by considering cases of similar significance from the history of science, such as the profound scientific revolutions associated with Copernicus and Darwin. Dick’s study suggests that impact would be more likely from radio-based contact than a more dramatic visit from alien craft. And his study also rejects the commonly used analogy of European colonization of the Americas as an accurate model for data-only contact.

The actual distance between two contacting civilizations is also a factor. When you think about the cultural impact of alien contact, historical examples help. They show that the greater the physical distance from the contact point, the less the contacted culture sees it as a threat to itself and its civilization. So, in this case, H. G. Wells is right again. Contact occurring within the solar system, and especially on Earth itself, is going to be the most disruptive and negative for humanity. Should there be any aliens in outer space, of course. On a smaller scale still, people living near the contact epicenter would suffer a greater effect than those living farther away. Studies suggest contact with multiple epicenters would cause a greater shock than one with a single epicenter, which is no doubt why many invasion stories feature multiple epicenters, such as a series of alien motherships sitting above many of the Earth’s major cities.

Luckily, dear reader, scientific protocols have been drawn up detailing the course of action you need to take in the event of alien contact. These include what to do after receiving a message from an alien source, whether or not to send a reply, and thinking about the long-term consequences of the message. As an example, here is what you do on receiving an alien message:


	any person or organization detecting a signal should try to verify that it is likely to be of intelligent origin before announcing it (good luck with that);

	the discoverer of a signal should, for the purposes of independent verification, communicate with others before making a public announcement and should also inform their national authorities (and hope that you’re not locked up);

	once an observation is found to be a credible alien signal, the astronomical community should be informed, along with the Secretary-General of the United Nations (if you just happen to have his/her number);

	following confirmation of an observation’s alien origin, news of the discovery should be made public. The discoverer has the right to make the first public announcement (whoop!).



It could be you!





THE BAT JAR CONJECTURE AND ALIENS: IMAGINING THE UNIMAGINABLE

In “The Bat Jar Conjecture,” Season 1, Episode 13, Raj wonders about alien morphology.
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“If anything is certain, it is that life elsewhere in the universe, intelligent or otherwise, will look at least as exotic as some of Earth’s own life forms.”

—Neil deGrasse Tyson, “The Search for Life in the Universe,” NASA Astrobiology magazine (2003)

There Be Aliens

Raj has got a good point about aliens in “The Bat Jar Conjecture” episode. As Raj asks, how come fictional aliens are so often like us? In fact, when you come to think about it, most people probably think the idea of alien life is a relatively recent thing. Extraterrestrials were spawned by the movies maybe, or at least during the early days of science fiction by writers such as Jules Verne and H. G. Wells. But they’d be wrong.

The belief in life on other planets such as ours begins with the imaginative Atomists of the ancient Greek world. Chief among these Atomists was Democritus, a Greek thinker of the fifth-century BC. Democritus had a great influence on early cosmology and was quoted by Hippolytus of Rome, a third-century church scholar, in his Refutation of All Heresies, as saying he believed the cosmos contained many worlds: “There are innumerable worlds, which differ in size. . . . The intervals between the worlds are unequal; in some parts there are more worlds, in others fewer. . . . There are some worlds devoid of living creatures or plants or any moisture.”

But what kind of creatures lived on these inhabited worlds? The main idea, for most of the two and a half thousand years of history since the Atomists, has been this: people living on other planets were more or less like the people who lived on Earth. In short, dudes like us, living on other worlds. And yet there are a few notable exceptions to this typical trend. Take the first century Assyrian satirist, Lucian. He used his wickedly creative imagination to picture the kind of exotic life that might dwell in other realms. In his book A True Story, Lucian imagined a war raging between the king of the Moon and the king of the Sun over the colonization of the Morning Star, otherwise known as Venus. The armies that waged this war were manned by the most exotic recruits: cloud centaurs, stalk-and-mushroom men, and acorn-dogs (“dog-faced men fighting on winged acorns”).

All Creatures, Great and Small

The invention of the telescope in the early 1600s greatly helped promote the idea of life on other worlds. The discoveries made with the ’scope made us realize Earth was no longer the center of the universe, but merely a planet within it. And, if the Earth is not central, then neither is humanity. Aliens may not look like humans after all. Galileo’s use of the spyglass is a case in point. He discovered, among other things, four of the moons of Jupiter, and thousands upon thousands of stars never seen before. Galileo’s findings gave a huge impetus to the Atomist idea that the universe was not just vast in scale, but also abundantly seeded with life.

The view through the spyglass was revolutionary indeed. And yet the telescope implied so much more than you could actually see. It was limited in its visual field, while simultaneously suggesting a limitless number of new discoveries. In his 1632 book, Dialogue Concerning the Two Chief World Systems, Galileo set out his ideas about the cosmos. But he seems to have been at pains to avoid actually describing the alien. He’s understandably evasive when it comes to the question of what life might actually look and be like, up there in the great beyond. He shuns fantastical digression and limits himself to justifiable interpretations of his view through the ’scope. Though he’s aware of the idea of the alien, and the potential of the imagination, Galileo does not choose to address it. Instead, reflecting on the probable wealth of diversity and difference of life in the new universe, he says that things on the moon may be so fundamentally different to things on Earth that they are entirely beyond the imagination. Consider, he says in the Dialogue, “a person born and raised in the forest among wild beasts and birds, and knowing nothing of the watery element.” Such a person, Galileo argues, would never, not even with the most fertile imagination, be capable of imagining the ocean, with its boundless beasts, and shoreline domains and dwellings. He concludes, “it is indeed possible to discover some things that do not and cannot exist on the moon, but none which I believe can be and are there, except very generally.”

The telescope was not the only medieval weapon of discovery used in the Atomist cause. There was also the microscope. Once again, the Netherlands was at the forefront in the development of medieval instruments. Dutch eyeglass makers Hans Janssen and Hans Lippershey (who also helped develop the early telescope) were among the early credited manufacturers, from about 1590. The microscope helped the cause by unveiling evidence of previously unknown, though minuscule, life. And yet the implication was clear. Beyond our perception lay remote worlds. These small and remote worlds too were put to the Atomist cause. Might not the cosmos at large also harbor unseen worlds? And might not bigger and better telescopes reveal alien life in time?

From BEMs to Black Obelisks

Whether telescope or microscope was the instrument of inquiry, it could be argued that the view most scientists have had about the question of alien morphology has changed little since Galileo. Let’s fast-forward to the last hundred years or so. Now, admittedly, science fiction went through a very silly period. There was a convention in the pulp magazine science fiction of the 1930s to portray extraterrestrials as what became known as BEMs, bug-eyed monsters. It was a very curious convention. Aliens were mainly seen as huge and oversized, often with fly-like compound eyes, and harboring a decidedly human lust for the female sex, blood, or general mayhem. The same fever afflicted B-movies in the 1950s, whose BEMs closely resembled the popular pulp covers of the 1930s.

But science fiction movies gradually grew up. Let’s take two shining examples of how science fiction later dealt with extraterrestrial life. Both examples are from the body of work of an exceptional science writer, Arthur C. Clarke. Sure, he wrote science fiction, but was an avid opularizer of space travel and a futurist of prescient ability. He wrote repeatedly on science subjects in over a dozen books and essays, which appeared in many popular magazines. And his knowledge of science fed into his fiction, for which he was best known.

A huge influence on future portrayals of the extraterrestrial was Clarke and Stanley Kubrick’s 2001: A Space Odyssey (1968). The movie depicts mysterious, existential, and elusive aliens, except that you never actually see them. During the course of the film, the aliens take humanity on a journey of evolution, from ape to superman. And yet the aliens themselves never appear on screen. All we get is the sight of an alien artifact in the shape of a black obelisk, or else the potent evolutionary forces transmitted by the obelisks.

2001 raised science fiction cinema to a new level. Ever since the Atomists, humans had been imagining the alien. And yet, in all that time, science still had little more than Galileo to say about the actual details of extraterrestrial life. Science fiction did the job that scientists seemed reluctant to tackle, so it’s hardly surprising that Arthur C. Clarke once more turned to a cautiously elusive exploration of alien contact with his 1973 book, Rendezvous with Rama.

In Rama, Clarke and Kubrick’s elusive alien returns to the solar system. Rama is the name given to what turns out to be a rogue spaceship, but which is firstly mistaken in the novel for an asteroid, so the object is named for the king considered to be the seventh avatar of Vishnu, the Hindu god. The unidentified flying object is detected in the year 2130, in the vicinity of Jupiter, with a calculated speed of over one hundred thousand kilometers an hour.

But Rama’s trajectory tells another tale. This is no long-period orbit, originating from the outer solar system and fetching the sun as its compass. This object stems from interstellar space. Astronomers are fascinated to find that Rama has a rapid rotational period of four minutes. A space probe is sent to investigate. Launched from Phobos, the Martian moon, the probe makes an earth-shattering discovery. A rapid fly-by reveals a perfectly cylindrical spaceship, measuring thirty-four miles by twelve, and made from some mysterious, flawless material.

It’s humanity’s first encounter with an alien spaceship. A mission is sent to scrutinize the vessel further, inside as well as out. The mysterious Rama is unveiled. With painstaking care and a wonderful sense of suspense, Clarke shows better than ever in Rama his celebrated skill at conveying the awe of scientific discovery. With the giant alien ship already within the orbit of Venus, the twenty-plus crew unlocks the long cylindrical microcosm of alien culture.

Throughout the book, the alien nature and intent of the spaceship, and its owners, remain elusive. The terrestrial explorers uncover an ecosystem within Rama’s built environment, which speaks of an extraterrestrial culture, alien to man. A cylindrical sea is discovered, a banded ocean that spans across the inner surface of Rama, cutting off the human explorers from the far end of the cylindrical world.

Like 2001 before it, Clarke’s Rendezvous with Rama is a study of an alien culture that is as magical as it is mysterious. Even though scientific evidence for extraterrestrial life is still slim, Clarke captivates the reader with a colossal artifact of alien culture. For, in truth, the first thing humanity may learn about extraterrestrial life might well be some kind of alien technology, such as Rama. And Clarke delivers a gripping tale, a gift to be unwrapped, layer after layer, wonder after wonder. It’s high time a Rama movie was made!





THE GRASSHOPPER EXPERIMENT: THE INDIRA GANDHI OF PARTICLE ASTROPHYSICS WITH A PENIS

In “The Grasshopper Experiment,” Season 1, Episode 8, Raj imagines himself as the Indira Gandhi of particle astrophysics, but with a penis.
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“[Srinivasa] Ramanujan lived in a tiny hut in India. No formal education, no access to other works. But he came across an old math book and from this basic text he was able to extrapolate theories that had baffled mathematicians for years. . . . Ramanujan’s genius was unparalleled.”

—Ben Affleck and Matt Damon, Good Will Hunting (1997)

“Classmates two years ahead would hand him problems they thought difficult, only to watch him solve them at a glance . . . by the time he was fourteen and in the fourth form, some of his classmates had begun to write Ramanujan off as someone off in the clouds with whom they could scarcely hope to communicate . . . finally, at a ceremony in 1904, when Ramanujan was being awarded the K. Ranganatha Rao prize for mathematics, headmaster Krishnaswami Iyer introduced him to the audience as a student who, were it possible, deserved higher than the maximum possible marks. An A-plus, or 100 percent, wouldn’t do to rate him. Ramanujan, he was saying, was off-scale.”

—Robert Kanigel, The Man Who Knew Infinity: A Life of the Genius Ramanujan (1991)

Mathematics: The Language of the Universe

In “The Grasshopper Experiment,” Raj’s parents have just got broadband installed, back home in India, and wish to check up on Raj using video chat. They tell Raj that they have set him up with a girl. While Raj is outraged, he also admits to Penny, while she practices her bartender skills, that he finds it hard to talk to girls. But a cocktail does the trick, and Raj confesses to Penny, not only that his life seems to be ebbing away, but that he also had a dream to “be the Indira Gandhi of particle astrophysics. But with a penis, of course.”

Now, Indira Gandhi was the first and only female prime minister of India. She wasn’t related to Mahatma Gandhi (Gandhi is a common name in the Gujarat area of India) but is her country’s second longest-serving prime minister after her father. Raj’s comment is rather an odd one, as Indira Gandhi’s reign is not known for being progressive, but rather for political stubbornness and unprecedented centralization of power, and she’s not particularly known as a feminist. Perhaps Indira Gandhi’s name was the first that popped up when the script writers googled famous Indian people, though that doesn’t explain why Raj didn’t declare himself the Mahatma Gandhi of particle astrophysics. Maybe the explanation is simply the urge to slip in a penis gag.

What’s not in doubt is the tradition of Indian genius in mathematics, the theoretical underpinning of astronomy and astrophysics. As Italian astronomer Galileo Galilei declared in his 1623 work, The Assayer, “this grand book the universe . . . is written in mathematical language, and its characters are triangles, circles, and other geometric figures, without which it is impossible to humanly understand a word; without these one is wandering in a dark labyrinth.”

Indian mathematicians are believed to have been the first to use zero as a number. Our modern numerals (the symbols that denote the numbers) also have their roots in India. Mathematicians in the part of the ancient world that’s now India, Pakistan, and Bangladesh were tackling ideas, such as infinity, centuries before Europe came to grips with them. It’s also believed by some history scholars that the theorem associated with Pythagoras was discovered earlier by mathematicians from India, which is where the idea may have originated. Some of these advances in math have their roots in early religious texts, which described the geometry needed to build falcon-shaped altars of precise dimensions. Astronomical calculations used to determine dates of religious festivals also encouraged these developments in math.

Indus Valley Math

The origin of Indian math can be traced back to the Indus Valley Civilization around 3000 BC. It was a Bronze Age civilization, mainly in the regions of what is today Afghanistan to Pakistan and northwest India, including the area around what is now New Delhi, which is where we’re told Raj’s family originates. Along with Egypt and Mesopotamia, the Indus Civilization was one of only three early cradles of civilizations of the so-called Old World, and of the three, the most widespread.

At its prime, in the mature phase between 2500 and 2000 BC, the Indus Civilization had a population of up to six million people. The inhabitants of the Indus River Valley created new techniques in craft and metallurgy, including copper, bronze, lead, and tin. The Indus cities were known for their urban planning, with baked brick houses, complex drainage and water supply systems, and clusters of large nonresidential buildings. Children’s toys were found in the cities, and very few weapons of war, which suggests a peaceful and prosperous people. Their trade seals, adorned with animals and creatures of mythology, suggest they traded with lands as far away as Sumer in southern Mesopotamia.

The main Indus city of Harappa shows planning like nowhere else in the ancient world. Harappan streets were set out in a grid pattern, with many drinking wells and drains. The other main city of Mohenjo-Daro was split into two parts: The Citadel and Lower City. The Citadel comprised of public baths and residential houses where citizens would live. One of the most outstanding structures was the Great Bath, which is well preserved. The Indus Valley public baths are thought to be the earliest in all of civilization.

In these ancient cities, artifacts have been excavated that indicate a sophisticated ancient knowledge of math. They include plumb bobs (the vertical equivalents of a builder’s spirit level), and a complicated and extremely accurate set of weights, which had a sort of binary or decimal scale ratio between them. Archeologists have also found a bone, upon which a scale is etched, showing a very accurate set of graduations. The scale is of great interest. It comprises around nine parallel lines, the length of which is about 66.2 millimeters, in today’s units. Curiously, a number of other measurements in the ancient world can be associated with this Indus scale.

So, Indus Valley mathematics appears to have been a very practical form of math. For instance, the brick technology employed by the Harappans was very advanced. They appear to have used fifteen different types of bricks of great uniformity, which suggests a knowledge of the ratios needed to achieve such consistency. The ratio of the bricks was four is to two is to one, which is considered to be the optimal ratio for the bonding of bricks. Even though the ancient Harappan scripts have yet to be deciphered, there’s enough evidence in the artifacts of the Indus civilization to show they were employing sophisticated mathematics.

Another example of Indus Valley practical math is the water clock of Mohenjo-Daro. Water clocks use the flow of water to measure time. Of the two types of water clocks, inflow and outflow, the outflow clock is essentially a container filled with water that drains slowly and evenly according to markings on the continuer that can be used to measure the passage of time. Pots excavated from the ancient city are tapered at the bottom, have a hole on the side, and have the necessary markings, though these have been somewhat worn down over time.

Ever Since Indus

The Indians soon began to apply their math ability to more abstract matters. The first Indian references to astronomy are to be found in the Rigveda, an ancient collection of Vedic hymns. The oldest layers of the core text, known as the Rigveda Samhita, are among the oldest extant texts in any Indo-European language. They may be as old as four thousand years, and they relate in part to the deification of the sun, stars, and comets and are among the oldest-ever contributions to astronomy.

The rise of the ancient Indian religion of Jainism, in the sixth century BC, brought with it a fascination for very large numbers. Jain texts define the distance traveled by a God in six months, if he travels a million kilometers in each blink of an eye! The point of such huge numbers was to inspire awe in the Jains, to sit back and marvel at the scale of the cosmos.

The Jains also believed that space was infinite, and that time was infinite. They reckoned that the more Jains could understand bigness, the closer to understanding the wonder of the cosmos they were in terms of infinity. For example, the Jains believed that their religion was founded by groups of twenty-four teachers. The first one came around eight million years ago, so they had very large numbers from the very beginning. These groups of twenty-four teachers will occur in infinite succession, again introducing the concept of infinity. The Jains also believed in an infinite number of souls to each individual, with each individual having an infinite capacity for liberation and goodness. And all these Jain texts on the idea of infinity come centuries before the western medieval church put hard limits on space and time; a universe no older than six thousand years, and no bigger than the firmament above the heads of humans.

A final major figure in this potted history of Indian math and astronomy was the fifth-century scholar Aryabhata, whose only known surviving work is his magnum opus, Āryabhaṭīya. Aryabhata’s treatise is so renowned that most notable Indian mathematicians writing after the Āryabhaṭīya wrote commentaries on it. At least a dozen scholarly works were written for the Āryabhaṭīya, from Aryabhata’s lifetime, around 525, say, through to 1900.

Despite using the geocentric model of the cosmos, the Āryabhaṭīya features many ideas foundational to modern astronomy and math. The book declares that the moon and planets shine by reflected sunlight, correctly explains why eclipses of the sun and moon occur, and calculates values for π and the length of the sidereal year that come very close to modern values. So, maybe a more accurate confession from Raj to Penny would be his dream to “be the Aryabhata of particle astrophysics, also with a penis.”





THE JERUSALEM DUALITY AND THE PROBLEM WITH TELEPORTATION

In “The Jerusalem Duality,” Season 1, Episode 12, Sheldon outlines his problems with teleportation.
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“Short of figuring out real teleportation, which would of course be awesome (someone please do this), the only option for super-fast travel is to build a [hyperloop] tube over or under the ground that contains a special environment.

—Elon Musk, Wired (2012)

“Matter and energy are equivalent, according to the equation E=mc2, where E stands for energy, m for mass, and c for the speed of light,” Merapa explained. “Matter can’t be transported at the speed of light but energy can. Therefore, during a time shift transformation, matter is converted to energy then condenses back. In other words, all the molecules in your body have been changed from matter to energy then back again.”

“Wow. It’s a wonder it’s not fatal,” Dirck said.

“Sometimes it is. If any transcription errors occur between the DNA and RNA in your vital organs, you’re all but dead.”

—Marcha A. Fox, Beyond the Hidden Sky (2012)

Short Cut

In “The Jerusalem Duality,” Sheldon and Leonard talk about teleportation and its problems. Sheldon decides, understandably, that he is firmly against being disintegrated, even if an exact copy of him is made after recombination. He just can’t allow a creation as perfect as himself to be destroyed.

Now, the fictional dream of teleportation goes back many years. The idea is one of being able to transmit, in an instant, a massive body across spacetime, and recreate it faithfully and exactly, at another location in spacetime. The idea gets an airing in early Jewish myth, where it’s referred to as Kefitzat Haderech, literally meaning “the shortening of the way,” or “short cut.” This mythical term was later used by American writer Frank Herbert in his famous 1965 novel, Dune, often cited as the world’s bestselling sci-fi novel and made into a David Lynch movie in 1984. Herbert names the hero of the book the “Kwisatz Haderach,” a genetically engineered “short cut” to a posthuman future and the establishment of a “homo superior.”

Many historical tales of magic and myth have people spirited away, as if by teleportation. But the kind of magic invoked here is mystical or divine, rather than scientific. The first modern fictional account of teleportation was the 1877 story The Man Without a Body by Edward Page. In this tale, the scientist hero successfully disassembles his cat, telegraphs its atoms, then reassembles them. Sadly, while trying to repeat the experiment on himself, a badly timed power cut meant only the scientist’s head was transmitted. This kind of teleportation problem seems common. In The Fly, originally a 1957 short story, but also made into three movies, the grotesque consequences of teleportation are explored. Another luckless scientist, tinkering with teleportation, mistakenly finishes up by fusing himself with a fly in what is meant to be a harrowing, but is in fact largely hysterical, sequence of events (assuming, dear reader, we share the same kind of macabre sense of humor).

Since those early days, teleportation has become common in science fiction and fantasy. For example, in the 1939 Buck Rogers TV serial, teleportation was the preferred means of travel for characters moving through spacetime. Perhaps Leonard and Sheldon mostly associate teleportation with the phrase “Beam me up, Scotty” from Star Trek. In this seminal television series, legend has it that the show’s creators planned to have the characters land their spacecraft on planetary surfaces, but budgetary constraints on the special effects department meant a more creative solution was needed, and so the transporter was born.

In the Harry Potter franchise, a form of phenomenon similar to teleportation is carried out using a Vanishing Cabinet. Like a kind of wormhole made by gothic furniture, a pair of Vanishing Cabinets acts as a passageway between two places in spacetime. An object placed in one cabinet will appear in the other. Cabinets can teleport wizards, too. The method was commonly used during wars, when, to hide from a Death Eater attack, a wizard would disappear to the other cabinet, until the peril had passed. If one of the cabinets is broken, however, the wizard caught traveling between the two cabinets is trapped in a type of limbo.

In the 2006 British-American movie The Prestige, the world of Victorian stage magic is explored. The film focuses on the way rival stage magicians in London, at the end of the nineteenth century, engaged in competitive one-upmanship to create the best stage illusions. In those days, magicians had worked out how to use full-length mirrors to bend light in order to create disappearing illusions. However, the movie had a more interesting teleportation twist. To keep ahead of his rivals, one magician meets real-life inventor Nikola Tesla, played in the movie by David Bowie. Tesla creates a teleporting cabinet known as the Transported Man. But there’s a hitch in the invention. Instead of teleporting the magician who climbs into the cabinet, the Transported Man creates a clone of the magician, which has to be dropped into a water tank below the stage and drowned to kill off any clone confusion!

The Question of Sheldon Duplication

Teleportation in fiction has influenced theorists to dream up ways of teleporting in fact. One possible method is using quantum technology. Matter transmission of this kind would mean the original object or person being destroyed, and pieced together elsewhere. This is exactly what Sheldon is talking about in The Big Bang Theory episode titled “The Jerusalem Duality.”

One can easily imagine why this might have attendant difficulties. What if the “piecing together” of Sheldon doesn’t go according to plan? There are trillions of atoms in the human body. And that means Sheldon would have to be broken down into individual atoms before each was catalogued, digitized, and teleported. Then the whole process would have to be done in reverse, to assemble Sheldon in the new location. And where would his soul go, though Sheldon probably doesn’t believe in such a thing. (This also raises the possibility of perhaps splitting the soul into constituent parts, but that’s a matter for Harry Potter fans.)

One solution to the problems of piecemeal teleportation is duplication. Here, rather than the simultaneous destruction and recreation of Sheldon, the teleportation simply generates an exact duplicate Sheldon at distance. This would no doubt worry Leonard, as one Sheldon is enough to be dealing with, let alone two or more.

Experiments in teleportation began in 2002, when Australian scientists successfully teleported a laser beam by scanning a specific photon, copying it, and then recreating it at an arbitrary distance. Science teams in Germany and the US then independently teleported ions of calcium and beryllium using very similar techniques. A further development happened in Denmark in 2006. There, scientists teleported an object half a meter away. Although minuscule in scale, the object in the Danish experiment was nonetheless constructed from billions of atoms.

Professor Michio Kaku of The City University of New York, believes the technology to teleport a living person elsewhere on Earth, or even to outer space, could be available by the end of the century. Kaku, known as a noted futurist who admits to optimism on topics such as time travel and invisibility, has made a study of various fictional technologies and determined some will one day happen. Apparently. Kaku suggested, “You know the expression ‘beam me up, Scotty,’ we used to laugh at it. We physicists used to laugh when someone talked about teleportation and invisibility, something like that, but we don’t laugh anymore—we realized we were wrong on this one. Quantum teleportation already exists. At an atomic level we do it already. It’s called quantum entanglement.” He described the process as one that allows connections, somewhat like an umbilical cord, to be formed between atoms, with their information transmitted between others farther away. “I think within a decade we will teleport the first molecule,” Kaku concluded.

So, Leonard can rest easily. The replication of multiple Sheldons will remain a fantasy for some time to come. Hopefully.





THE GEOLOGY METHODOLOGY: THE CRACKS THAT LEAD TO CIVILIZATION

In “The Geology Methodology,” Season 11, Episode 7, Sheldon shows his misplaced dislike for geology.
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“Earth scientists had just discovered something fascinating about the continent [she] was standing on, incidentally. It was riding on a slab about forty miles thick, and the slab was drifting around on molten glurp. And all the other continents had slabs of their own. When one slab crashed into another one, mountains were made.”

—Kurt Vonnegut, Breakfast of Champions (1973)

Personalized Plates

Sheldon’s knowledge base seems limitless, doesn’t it? He has an eidetic memory, a couple of PhDs, and an IQ of 187, for what that’s worth. Yet, unless you’re very careful, with great intelligence also comes great narcissism. Sheldon means no harm. When he reminds all-comers of his intellectual superiority, he thinks he’s simply stating a fact. Little wonder his close friends get a little tired of his criticisms and his smug statements of sheer fact. Sometimes, though, Sheldon has been shown to be wrong, whether it’s having his physics equations on the whiteboard corrected by Leslie Winkle, losing the Physics Bowl to Leonard’s team, or almost everything he’s ever said about Howard.

One of Sheldon’s greatest errors was on the question of geology. The fact is that geology, in the form of plate tectonics, has revolutionized our understanding of the planet on which we live. Geology has taught us America is getting farther away from Europe, the Pacific is shrinking, and the Red Sea expanding. Through geology we know that the mighty Himalayas will become mightier still and one day the Horn of Africa will be an island.

This geological theory of plate tectonics is a late twentieth-century idea that radically claimed the continents of the Earth were dancing to the tune of deep time. It’s a dance of staggering slowness, yet powerful enough to raise up mountains and pour away the oceans. Geology’s idea is that the Earth’s surface moves on a carpet of molten magma. It accounts for the way in which mountains form and earthquakes shake. It explains the strange spread of fossils across the globe and finally solved the planetary puzzle of why continents like Africa and South America fit snuggly like giant jigsaw pieces.

Even as we speak, Africa is closing in on southern Europe. The Mediterranean, known and loved for romantic holidays, is the remnant of a worldwide super ocean that once encompassed the equator. Indeed, the Mediterranean, this faint echo of a once-great ocean, will vanish in a hundred and fifty million years. In its place will sit a range of mountains, which are already being called the Mediterranean Mountains. In 250 million years, the Mediterranean Mountains will rise up even higher, and the Atlantic will become a paltry little pond, landlocked in a new supercontinent called Ultima Pangaea.

Taking the long and considered view in this way, a view of which Sheldon seems ignorant, explains why plate tectonics has made celebrities out of geologists. They are Rockstar scientists who have helped us profoundly rethink what the Earth was, how it works, and how it influenced the very evolution of homo sapiens.

How’s that for an elevator pitch? Here’s the tectonic backstory.

Maps and Fossils

The idea that the continents may once have fit together like giant jigsaw pieces goes back to the sixteenth century and a Dutch mapmaker named Abraham Ortelius. He’s considered the creator of the first modern atlas and was one of the founders of the Dutch School of Cartography. In fact, Ortelius was so famous he had his portrait painted by Peter Paul Rubens. Most important for our backstory, however, is that Ortelius was the first person to imagine that the continents were once conjoined, before drifting to their present positions. He noticed that the bulge of West Africa looked as though it could have fit into South America. These days, a kid in kindergarten may see the same thing, of course, but you need decent maps to even notice, and Ortelius made very decent maps.

We then have to fast-forward to the early twentieth century before someone actually suggested a mechanism by which the continents might move around. Alfred Wegener was a German geophysicist, which just goes to show physics and geology can work hand in hand. Wegener was a polar explorer who had been involved in several expeditions to Greenland. Explorers like Wegener were hardy creatures indeed. His expedition members were the first to overwinter on the inland Greenland ice sheet, and the first to bore ice cores on a moving Arctic glacier. (Wegener eventually died out on the Greenland ice sheet in 1930, his body and his diary now lying under more than 330 feet of amassed ice and snow. See what is meant by geologists being Rockstar scientists? Live fast, die young!) From 1912, Wegener publicly advocated the existence of “continental drift,” suggesting that all the continents were once conjoined in a single landmass, which had since drifted apart. And it’s with Wegener’s promotion of continental drift that the theory of plate tectonics began to develop.

Wegener was also well aware of a second puzzle, and that’s the question of the fossil and rock distribution around the world. For example, sitting in the strata from what geologists call the Permo-Carboniferous age, from about 300 million years ago, are rocks known as glacial sediments. These sediments are found in places such as South America, Africa, and India. How could these rocks have been laid down at the same time, and yet be so widely separated by a geography that crosses whole continents? The same can be asked about some fossils. The remains of Mesosaurus (“middle lizard”), a freshwater crocodile-like reptile that lived in the Permian period between 286 and 258 million years ago, are found only in Southern Africa and Eastern South America. It would have been impossible for Mesosaurus to swim between the continents, as this reptile was only a little over three feet in length, so the Mesosaurus fossils found by geologists suggested that South America and Africa were joined during the early Permian.

Before plate tectonics really took off, however, it needed one final ingredient. The giant geographical puzzle pieces and the spread of certain fossils surely did suggest that there was a single supercontinent sometime in the distant past, but what truly transformed the topic of tectonics was seafloor spreading, hard evidence of continental drift in action.

Seafloor Spreading

During World War II, American geologist Harry Hammond Hess was also a naval officer. Though later to become a Rear Admiral, Hess became a sea captain on a ship equipped with the new technology of sonar. All through World War II, Hess sailed his ships back and forth across the Pacific, as he had lots of time to make measurements and lots of time to think. So, he set about exploring the Pacific, which had only been done in a rather superficial way before the war. And what Hess found changed the way we think about the planet. By 1960, in a much-celebrated report to the US Navy, Hess advanced the idea that the Earth’s crust was moving laterally away from long, volcanically active oceanic ridges, the process later named as seafloor spreading. These midocean ridges go all the way around the globe, in a similar way to the lines on a tennis ball.

But if the seafloor is spreading, and the Earth’s crust is expanding, there must be some regions where the seafloor is being destroyed. It was soon found that hot material in the bowels of the Earth is what drives seafloor spreading. As that hot material rises to the surface, cooler material sinks down toward the core. This creates a spreading apart at the midocean ridges and a sinking, or subduction, of one part of the crust under another at so-called subduction zones.

So, geologists came up with the idea of plate tectonics, in which the Earth’s crust is divided into huge pieces called plates. The places where the plates meet are cracks known as fault lines. Geologists have found that dramatic volcanoes and earthquakes mostly happen along these fault lines. That’s why one set of cracks, the one that encircles the Pacific Ocean, is also called the Ring of Fire, as it’s a fiery reminder of the mighty Earth below.

To picture all this, it helps to imagine the surface of the Earth as a jigsaw puzzle. The plates are like giant puzzle pieces of land that stretch across the globe, very slowly. These plates, which vary in thickness, are made of lithosphere, which floats on top of the gloopy mantle below, what American science fiction writer Kurt Vonnegut refers to as the “molten glurp” in the quote above.

Plates Made Physicists, Too

Sheldon would no doubt be horrified to learn that geology had a huge impact on human evolution, too. Plate tectonics has influenced life on Earth in many ways. Let’s consider just three stunning examples. First, and way down in the dark deep of the oceans, there’s a very unusual community of organisms living on the midocean ridges. These black smoker communities, so-called because the material pouring out from the center of the Earth is smoking blackly in the water, are believed by many scientists to be the kind of place where life on our planet may have originated.

Second, the movement of the continents has influenced life on Earth by isolating populations and powering evolution. A very good example is the isolation of Australia. The continent of Australia is populated by the marsupials, an unusual type of mammal, which includes kangaroos, koalas, and wombats. Eons ago, Australia separated from Antarctica and South America, and a circum-Antarctic current formed, and Australia drifted away and became geographically isolated. It’s this isolation that allowed the marsupial mammals to evolve into a whole series of parallel niches, but in a different way from their placental mammal cousins in the northern hemisphere.

Third, and most amazingly, geologists have discovered the recipe for making a great ancient civilization on Earth. It seems the most important earthly ingredient for the development of a great ancient civilization was living next to plate boundaries, those regions of the planet where our world is rich in resources. Whether it’s metals or minerals, ancient humans were drawn to the riches that rose up from the deep Earth through the fault lines. It’s a link that led eleven of the thirteen most important ancient civilizations to build their cities close to a plate boundary. And what a list it is. Those eleven civilizations, listed along with their boundary dwelling city-states, are: Roman (Rome), Etruscan (Tarquinia and Veii), Greek (Corinth) and Mycenaean (Mycenae), Minoan (Knossos), South West Asian (Tyre), South West Asian (Jerusalem), Assyrian (Ninevah), Mesopotamian (Ur-Uruk), Persian (Susa), Indus (Mohenjo-Daro), and Aryan India (Hastinapura). Of the thirteen great ancient civilizations, only the Egyptian, based around Memphis, and the Chinese, centered around Zhengahou, are the exceptions that prove the rule. And even then, it must be recognized that Egypt also benefits from plate proximity by being close to the Bronze Age network in trade.

In short, Rockstar geologists have discovered, through plate tectonics, a theory of not only how our world was shaped, but how everything that exists today was created. The rest, as they say, including the evolution of physicists, is history.





THE VALENTINO SUBMERGENCE: FUN WITH FLAGS

In many episodes, Sheldon insists on having fun with flags.
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What’s in a Flag?

What’s in a flag? Well, according to Dr. Sheldon Cooper, quite a lot. It’s a topic to which he returns often on the show, implying that flags are designed not just to look good in the wind, and often, but when designed with flair represent the heritage and history of a nation. So, let’s take a look at some of the most fascinating stories behind the design of a selection of national flags.

And, in case you’re wondering what this topic is doing in this book’s space chapter, just think for a moment about history. The history of many nations on Earth could be seen as a story about the pursuit of empire, and the conquest of space, to capture foreign territories in the quest for land, and to claim that glittering prize as your own. It’s a conquest of nature in a very real way. (Another view, of course, is that these imperial shenanigans are something quite different. As Irish writer Jonathan Swift said long ago in 1726 in his famous book Gulliver’s Travels, “A crew of pyrates . . . go on shore to rob and plunder; they see a harmless people, are entertained with kindness, they give the country a new name, they take formal possession of it for their king . . . ships are sent with the first opportunity, the natives driven out or destroyed, their princes tortured to discover their gold . . . .”) Anyhow, just in case you’ve any lingering doubts about flags and space, we shall end this topic on the troubled question of the US flag on the moon, which also seemed to have a problem with looking good in the wind, for some commentators at least, and formed part of the alleged evidence that the moon landings never happened.

First, when you think about it, before you can have a national flag, you have to actually have a nation. The origins and early history of nation-states are disputed. One theory is that the nation-state arose out of intellectual discoveries in capitalism and mercantilism, and technological advances such as cartography and mapmaking. Perhaps Jonathan Swift would call these developments plunder at home, and abroad. However, historians often identify the Dutch Republic (formed from a confederacy of Dutch provinces in 1581) as an early emergence of a relatively unified state.

Along with early nation-states came the tricolor flag. This was a triband design that originated in the sixteenth century as a symbol of republicanism, freedom, or even revolution. The first tricolor flag associated with republicanism was the orange-white-blue design that established the independent Dutch Republic from the Spanish Empire. The most famous tricolor, the French Le Tricolore, is the blue, white, and red flag of France adopted in the French Revolution. Likewise, the tricolor flags of Italy, Romania, Mexico, and Ireland were all first adopted with the setting up of independent republics in the wake of the French Revolution in 1789. Tricolor flags especially peaked after the revolutions in Europe of 1848, when the green-white-red tricolor became the symbol of choice for republicanism throughout the rest of the nineteenth century.

The Flag Fun Begins

So, let’s look at a few exemplar flags that have the most fascinating stories behind their design and are worthy of being mentioned in one of Sheldon’s shows.

United States

Yes, the stars and stripes. In total, there have been over two dozen versions of this famous flag since 1775. Each incarnation has had a different number of stars and stripes, of course. The current incarnation first came into use on Independence Day in 1960. It’s made up of thirteen stripes, representing the thirteen colonies that declared autonomy to create the first states of the Union, and fifty stars, representing the current states of the USA.

United Kingdom

Another very distinctive flag, and an easy one to guess in a game of Sheldon’s “Fun with Flags,” the Union Jack, as it’s called, consists of the red cross of Saint George, the patron saint of England; the Cross of Saint Patrick, the patron saint of Ireland; and the Saltire of Saint Andrew, the patron saint of Scotland. Sadly, the wonderful flag of Wales (my own country’s flag that features a passionate red dragon, center stage) is not represented on the Union Jack because Wales, while part of the UK, was at the time of the flag’s creation designated part of the Kingdom of England. And so, the opportunity was missed to have the most mythical of flags!

Canada

That maple leaf makes the Canadian flag one of the world’s most memorable. Surprisingly, the maple leaf design has only been Canada’s official flag since 1965, with the iconic eleven-point maple leaf being horizontally symmetric. This cunningly means that the obverse and reverse sides of the Canadian flag look identical.

South Africa

With the release of Nelson Mandela from prison in 1990, after twenty-seven years, a new flag for South Africa was commissioned. This most modern-looking of flags features colors black, yellow, and green, from the banner of the African National Congress, with colors red, white, and blue taken from the old Transvaal flag. The distinctive horizontal Y shape of the flag’s design is a reference to the coming together of the cultures in the nation.

China

The national flag of China is colored red and gold. The red represents the communist revolution of 1949, and the five stars represent the people and their government. The fictional constellation on the flag, of four smaller stars surrounding a bigger star, represents the greater good of the people collected around the leaderships of the Communist Party of China.

Brazil

Another easy flag to spot in a game of “Fun with Flags,” the national Brazilian flag famously features a blue globe set in a yellow diamond against a green backdrop. The motto, which runs like a band across the globe, reads, “Ordem e Progresso” or “Order and Progress.” The motto was inspired by French philosopher Auguste Comte, who is remembered for his positive philosophy encapsulated in the phrase “Love as a principle and order as the basis; progress as the goal.” Incidentally, the white stars that bejewel the blue globe represent the night sky over Rio de Janeiro.

Greece

The history of the Greek peoples goes back thousands of years, of course, but the creation of their characteristic flag is a lot more recent. Adopted in December 1978, the design features nine horizontal blue and white stripes, representing the syllables of the rather dramatic phrase “Freedom or Death!” The tone of blue used in the flag has changed over time, from sky blue to dark, the latter used increasingly since the late 1960s. It was officially adopted by the First National Assembly back in 1822. The white cross in the top left corner of the flag symbolizes Eastern Orthodox Christianity, which is the official religion of Greece.

Mozambique

This planet has a long and bloody history that, on occasion, finds its way onto the flags of some previously subjugated nations. So it is with Mozambique, whose flag is famous for featuring the AK-47, which symbolizes the nation’s bloody struggle for independence. Even after seventy years, this gun, also known as the Kalashnikov after its designer Mikhail Kalashnikov, is the most popular and widely used assault rifle on the planet. It has a hardy reliability in harsh habitats, low manufacturing costs compared to western weapons, and an ease of availability in almost every geographical region of the globe. The flag of Mozambique also features a book, representing the importance of education, and a hoe, symbolizing the nation’s agricultural backbone. As with China, the Mozambique flag also features a yellow star for internationalism.

New Zealand

The flag of New Zealand, like Australia’s, features a design that is a legacy to the British Empire, with the Union Jack in the canton. But New Zealand also has a history of debate about changing their national flag. Over many years, alternate designs have been suggested and were met with varying levels of support, so there’s little consensus about which design should replace the conventional flag. Unlike Australia’s, New Zealand’s flag debate is independent of discussions over whether the nation should become a republic. But the New Zealand Parliament held a two-stage binding referendum on flag change in 2015 and 2016. Voters chose to retain the current flag, by a vote of 56.6 percent to 43.1 percent.

Flag Bits and Bobs

Sheldon would no doubt agree that a flag is one of the most important and venerated symbols of a nation. Normally, as we’ve seen from the above examples, the motifs shown on the flag mostly refer to the country’s history or culture. While many flags feature relatively boring geometrical figures, colors, and symbols, there are exceptions, such as flags featuring dragons, the assault rifle we saw with Mozambique, and a naked man beheading another man!

Here Be Dragons

“Here be dragons,” of course, was the phrase inventive mapmakers used to label those parts of maps where uncharted or unexplored territories meant possibly dangerous lands, maybe harboring dragons, sea monsters, or other mythological creatures. And yet that doesn’t stop two national flags from featuring the dragon slap-bang in center flag. The dragon is an important creature in many Asian countries, but Bhutan, a Buddhist kingdom on the Himalayas’ eastern edge, has gone one step beyond and plastered a dragon on their flag. The dragon in question is named Druk, a legendary thunder dragon holding a jewel called norbu. And the flag of Wales, also known for its absence from the Union Jack, features a red dragon that refers to legendary king Cadwaladr who ruled Wales in the seventh century.

Shields, Legs, and Tennis Balls

Swaziland, a small, landlocked monarchy in southern African, has a national flag featuring two spears and a black-and-white shield, which represents racial harmony and hopes to show that people of various colors can live together. The flag also features three blue feathers of the widowbird and the lourie. As these objects are considered of the highest importance, the symbol can only be used by the king of Swaziland. One of the most curious objects on any flag is the symbol of three armored legs with golden spurs joined together and set against a red background. This symbol belongs to the flag of the Isle of Man, a self-governing British Crown dependency located between the islands of Great Britain and Ireland. Known officially as the triskelion and used by the island since 1932, this peculiar symbol was once used by the ancient nations of the Mycenaeans and the Lycians, thousands of years ago. And the national flag of Kyrgyzstan features what looks like a luminous tennis ball. The symbol is actually the sun, zigzagged by two sets of three lines, and is considered a stylized representation of the crown of the traditional Kyrgyz yurt. Around this sun are forty identical rays that signify the forty Kyrgyz tribes unified against the Mongols by their epic hero Manas.

Kitchen Sink and Decapitation

Ecuador appears to have thrown everything into their national flag. The design comprises the usual tricolor of three colored bands, with an intricate coat of arms in the center, but also includes Mount Chimborazo, the tallest mountain in Ecuador, a river, a steamboat, the sun, spears, and various other objects related to the nation. And above it all, symbolizing the power of Ecuador, soars a condor. Finally, that decapitation. The old flag of the Benin Empire (a precolonial empire in today’s Nigeria) depicted a naked man holding a sword, beheading another person. The origin of the flag is disputed, but it is thought to refer to the Itsekri People, an ethnic group that acted as go-betweens for the Edo people of Benin and the Europeans on the coast.





THE LUMINOUS FISH EFFECT: SHELDON IS WRONG ABOUT CAVES

In “The Luminous Fish Effect,” Season 1, Episode 4, Sheldon is so very wrong about caves.
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“Beneath southern China’s landscape of cone-shaped peaks, arches, and spires, researchers have discovered some of the largest underground chambers in the world. In 2013 a British-led expedition used a cutting-edge laser scanner to measure several cave systems in unprecedented detail, including Gebihe, whose Miao Room, with a maximum height of 627 feet, ranks as the world’s second largest known chamber. . . . It covers 1.27 million square feet (the equivalent of 22 football fields). . . . A giant stalagmite—at 148 feet tall, one of the largest in the world—dominates the open space under the massive dome at the end of the Miao Room.”

—National Geographic, “China’s Supercaves,” September 2014

“The Australian Aboriginal cave paintings, from this period, are the first hints of religion that humans have as proof of religious behavior. The caves in which the paintings are found date to 50,000 years ago through forensic geology and carbon dating. Most of the images found in their religious stories and ceremonies are depicted in these caves. We also have confirmation from the aborigines themselves that these images are their religious images. These paintings also are likely to be significant evidence for linking the use of Amanita Muscaria [commonly known as the fly agaric mushroom] to its use 50,000 years ago. This is because 50,000 years ago was when humanity entered Australia and also because Amanita Muscaria produces religious like experiences.”

—Leviak B. Kelly, Religion: The Ultimate STD (2014)

The Indiana Jones of Caving

British cave explorer Andy Eavis is often said to have discovered more underground territory than any other soul alive today. At the last count, 330 miles of new cave passages have submitted their secrets to Eavis. Now chairman of the British Caving Association, Eavis first visited the supercaves of China in 1982. But he returned in 2013, wanting to see more of our planet’s greatest concentration of the alien topography called karst: forested spires and sinkholes, stone towers and disappearing rivers, which form over millennia as rainwater erodes the soluble bedrock of limestone.

For hidden beneath the green iconic mountains of the cloistered Chinese country landscape is reflected a similar subterranean geography—the world’s biggest bunch of undocumented caves. Eavis spent a month in 2013 in at least three of the biggest chambers in the world, using $100,000 worth of 3D laser technology to map and measure them accurately for the very first time.

Imagine yourself inside such a gargantuan chamber, this cavernous wonderworld that Sheldon has declared forever uninteresting. Crouched on the floor, you hear nothing but your breathing and the faint, echoing drip of distant water. You see nothing but void, but when you turn to the screen of a laptop linked to a laser scanner, the huge chamber reveals itself. You virtually float up to its roof, which forms a cathedral arch 950 feet above the floor. You hover over a lake and finally touch down on a beach on the far side.

It’s the south of China that boasts the world’s largest cluster of eroded topographic karst. For over six hundred million years, the region was submerged under seas and amassed miles-deep layers of sediments. Geological uplift and erosion over time then helped create the massive caverns of today. The China Caves became famous when more than 160,000 tourists a year visited the nearby Dashiwei Tiankeng, a 2,000-foot-wide, 2,000-foot-deep sinkhole first known to karst geologists in 1998. But why do scientists study such fascinating caves, and what possible use could they be for our future?

Caves in Space

It’s little wonder earthlings spend so much time in caves, no matter what Sheldon says. For caves are also a crucial way to help us colonize space. For example, our moon has been a target of human colonization for many decades. It’s on our cosmic doorstep, within easy reach of our home planet. Missions such as NASA’s Apollo program put a total of twelve humans on the moon but also crucially tested the real challenges of lunar living. Each mission was made longer than the last, to explore the moon further and to test astronaut endurance while conducting various kinds of experiments. The Apollo program also taught humans how to transport large items of equipment and materials off-world.

And yet, during the long-term development of a colony on our moon, cave dwelling may well be the tactic humans adopt. Briefly visiting the moon is one thing, but living there is quite another. Conditions are harsh with huge temperature swings, from 134°C (273°F) at noon to -170°C (-274°F) at night. The lunar surface is ceaselessly blasted by micrometeorites and harmful cosmic rays. To survive this bombardment and radiation, human colonists might have to live underground in lunar “lava tubes,” subterranean tunnels on the moon formed by the flow of magma in the ancient past. When the exterior surface of a live lava tube cooled, it formed a hardened lid that trapped the ongoing lava flow under the lunar surface, in tunnel-shaped passages. Once the flow of lava died down, the tunnels drained, forming hollow catacombs.

For prospective colonists, these lava tubes are a very useful living space. Many are long, natural caves, as wide as five hundred meters (1,600 foot) before they become prone to gravitational collapse. Even if the tubes survive, shifting seismic events or meteoroid bombardment may still disrupt stable passages. You can imagine colonists in the future, spending many a nervous night, anxious about the strange, creaking noises coming from the lunar catacombs in the dark.

Colonists would dwell in the caves until more sophisticated living conditions could be built. The availability of food and water is a major challenge for moon colonization. At first, food would need to be brought along, and a lot more food than just the odd cheeseburger. Special machines would be needed to extract the water hidden in the soil at the southern lunar pole. Growing plants would be difficult, as the nights are cold and long and the daylight bright and harsh, as there is no atmosphere on the moon to reduce and scatter the sun’s radiation. And no lunar insects exist to pollinate the flowers, so an entirely new way of growing food would need to be found: little wonder the caves would feel like home and sanctuary!

Making Like Martians

The caves of the moon would act as just the first stepping-stone into outer space. Martian caves would be the second. It’s often said scientists know more about Mars than any planet other than Earth. That’s because Mars is the closest planet whose surface we can see through our telescopes. Our other near neighbor, Venus, is shrouded in a veil of mysterious cloud, but Mars is plain to see. Like Earth, Mars has a twenty-four-hour day, seasons, and polar caps. If there’s a planet that humans would colonize first, it would be Mars.

Mars has such huge potential that some futurists prefer to skip the caves of the moon and head straight for Mars. Of course, Mars also differs greatly from Earth. It lacks warm temperatures and liquid water. And a future Martian colony would face huge undertakings, such as fighting against global dust storms, mediating the harmful solar radiation, and melting the Martian polar ice into a sea twelve meters deep, covering much of the planet. How would human pioneers go about transforming Mars and meeting these crucial challenges? Caves!

NASA’s Mars Odyssey spacecraft made a stunning discovery in 2007. Odyssey spied entrances to possible caves on the slopes of a Martian volcano. The existence of a lava tube is sometimes revealed by the presence of such telltale “skylights,” a place in which the roof of the tube has collapsed, leaving a circular hole in the surface. This find fueled interest in potential underground habitats and sparked searches for caverns elsewhere on the Red Planet.

Mars has huge volcanoes, bigger than those on Earth. For example, the famous Martian volcano Olympus Mons reaches the impressive height of twenty-one kilometers, while the whole region of the Tharsis volcanic bulge covers a surface of over twenty-five million square kilometers. As gravity on Mars is about 38 percent of Earth’s, Martian lava tubes are expected to be much larger in comparison, and perfect for human habitation until the Martian colony can truly take off.

Mars would be the first human home away from home. The first launch could carry an unmanned Earth Return Vehicle (ERV) to Mars. The ERV could contain a nuclear reactor, which could power a unit to make fuel, using material found in the Martian atmosphere. Two years later, a manned mission could touch down near the ERV. The crew could stay for eighteen months, exploring the planet until returning to Earth using ERV-made fuel. The crew could be replaced by another team, and a string of bases could be set up.

The Martian lava tubes would act as a main base. The tubes may contain trapped water essential for life and may house reservoirs of ancient ice, since cool air can pool in lava tubes and help temperatures remain stable. The ability to tap into these reservoirs may provide dramatic insight into the history of possible life on Mars. Using the caves as a temporary home, in good time Mars will be terraformed. After several decades, the Red Planet will look as blue and watery as Earth. The hope is that, within a century, Mars could be terraformed into an oxygen-rich environment, supporting a human colony, some of whom may dream of traveling to the remote corners of the solar system, and beyond.

Now Sheldon, what was that again: there’s nothing interesting about caves?





TIME

It’s little wonder that The Big Bang Theory often touches upon the topic of time. Contemporary culture is obsessed with time. We often wonder what would happen if we were able to tamper with time. And there’s no better people to ask, after all, than physicists like Leonard and Sheldon. It may even be possible, for all we know, to jump between different timelines, guide future human evolution, rewrite the past, and even cheat death.

It’s really not that long ago that scientists made incredible discoveries about the true nature of time. Not long after the Pilgrim Fathers were settling in what was to become the eastern part of the United States, scientists back in Europe were beginning to realize that time was limitless, and inhumanly vast in scale. By the time of the American Civil War, the Industrial Revolution was well under way, and great machines began churning over the soil of the world. Dinosaurs were discovered. The death toll of extinction rang out for the first time. The fossil record churned out evidence of creatures no longer to be found on Earth, though some creationists still try to deny it. The new theory of evolution forced humans to confront the terrible extent of time. What if humans too became extinct?

Ever since the Scientific Revolution around five hundred years ago, science has encroached upon all aspects of life. Science has sought not just to explore, but to exploit nature. To master it. And when you think about it, many sciences are truly historical in nature; they investigate time. It’s more obvious with the sciences of geology and archeology; they depend on digging down into the Earth to find clues and evidence about the historical past. But evolutionary biology too is historical in nature; it’s a study of the processes that led to the diversity of life on Earth, all from a single common ancestor. Astronomy, astrophysics, and cosmology too investigate time. The work that Raj does at Caltech as an astrophysicist is a case in point. The very act of simply stargazing means that the farther you look out into deep space, the further back in time you peer. And the three topics together form a study of the origin, evolution, and fate of the universe.

Bearing all this in mind, it’s easy enough to take a tangential and playful approach when taking on board the topic of time in The Big Bang Theory. It’s easy enough to see how time works in “The Extract Obliteration,” where we have Sheldon and Stephen Hawking watch an evolution of a star population happen in the course of just one night, rather than over their true time period of ten billion years.

A good number of episodes contain a quirky take on the topic of evolution. The evolution of the particles of matter is skillfully explained in “The Matrimonial Momentum,” while “The Helium Insufficiency” implies the history of chemical gases and “The Romance Resonance” describes the evolution of the chemical elements in the famous periodic table. Elsewhere, it’s plain old history itself that crops up in the show. “The Dumpling Paradox” allows a potted history of reductio-ad-absurdum; “The Bachelor Party Corrosion” features the genius of Archimedes. Penny’s family history in “The Thanksgiving Decoupling” enables us to consider how farming changed the world, and finally, in the episode “The Vengeance Formulation,” we ask how Coopers, Wolowitzes, and Hofstadters got to America in the first place.





THE EXTRACT OBLITERATION: A HAWKING-COOPER RADIATION

In “The Extract Obliteration,” Season 6, Episode 6, and other episodes, Sheldon rubs shoulders with Professor Stephen Hawking.
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“The amazing thing is that every atom in your body came from a star that exploded. And, the atoms in your left hand probably came from a different star than your right hand. It really is the most poetic thing I know about physics: You are all stardust. You couldn’t be here if stars hadn’t exploded, because the elements—the carbon, nitrogen, oxygen, iron, all the things that matter for evolution—weren’t created at the beginning of time. They were created in the nuclear furnaces of stars, and the only way they could get into your body is if those stars were kind enough to explode. So, forget Jesus. The stars died so that you could be here today.”

—Lawrence M. Krauss, A Universe from Nothing: Why There is Something Rather than Nothing (2012)

Under a Starry Sky

Imagine Sheldon Cooper and Stephen Hawking are playing a game under a starry sky. In our dreamt-up domain beyond this world, Professor Hawking is gifted with divine powers. Exactly the kind of divine influence, in fact, of which the eminent Professor would strongly disapprove. Nonetheless, his imaginary powers suit our expository purpose. Not only has the Professor been able to make our sun a member of a young star cluster, but he’s also shifted time itself, so that our divine Professor, and his attentive student Sheldon, can be present on Earth from the very start. Nor is that the end of Professor Hawking’s powers.

Having wound time back to something of a beginning for the young star cluster of which our sun is a member, the Professor now speeds up time in the opposite direction, and ten billion years pass in a single night. Why the temporal trickery? Because this Hawking-Cooper Radiation game is an experiment to see what the evolution of stars would look like as a kind of fireworks display.

The Professor starts the cosmic clock ticking, and, almost at once, the giant stars explode as supernovae. The way stars evolve depends on their size. During most of their lives, stars burn hydrogen and turn it into helium. When they run out of hydrogen, they burn helium instead. Stars never die. Most change slowly into a different kind of star. But the biggest undergo huge explosions early in their evolution. When they run out of fuel to burn, they detonate in an enormous burst of light, more light than a small star gives out in its entire lifetime. So, on the Hawking-Cooper Radiation compressed time scale, where each hour is a billion years, all the spectacular stars blow out in the first few minutes.

The star cluster had formed from huge clouds of hydrogen gas. The gas clumped together, forming the star at the center, and a revolving disc that made the planets, moons, and other bodies. It’s possible that the explosions of the supernovae may now trigger any residue gas in the cluster into collapsing and making new stars. But the giant stars are done for, and the most fabulous part of the fireworks show is already over, before the Professor and his student have had time to settle down to watch the show (though no doubt with his newfound divine powers, Professor Hawking can conjure up a rerun).

The rest of the evening is an orchestrated light show, conducted by the steady engines of stellar nucleosynthesis. Successively less massive stars run out of hydrogen fuel as Hawking and Cooper watch them swell into red giants, expanding to two hundred times their normal size. Part of the red giant evolution spied by our pair of physicists is what’s known as the “planetary” nebula phase, though the shells of multicolored gas shed by the stars have nothing to do with planets, and the once-giants have to finally settle for an old age of dim and dwarf stardom.

The focus so far, in this game of Hawking-Cooper Radiation, has been on the speedier evolution of those relatively few stars in the cluster more massive than the sun. Sure, the events have been exceptional enough to hold the attention of our physicists. And yet, by dawn, ten billion years have passed. It’s our sun’s turn on the main stage. Suddenly, there’s something of a stellar quake of the sun’s core, and the solar atmosphere blows out into a diaphanous scarlet cloud, which easily engulfs the orbiting planets of Mercury and Venus, and moves swiftly to swallow up the Earth, but not so swiftly that the Professor is unable to repair the onlookers to a safer standpoint. From a distance, they watch as the scarlet cloud melts away to leave the naked core of the remnant sun, a helium-rich dwarf, a million times as dense as during its hydrogen-burning days.

Day has finally fully dawned, and the night of starlight is done. The game of Hawking-Cooper Radiation has only been the beginning. The created cosmos carries on. With most of the Professor’s pet cluster made of stars less massive than the sun, they continue to burn with a steady lemon light. Unspectacular in the extreme, this silent majority of modest stars has lives ahead of them longer than the universe itself. They will still be shining when the puffed-off atmosphere of stars like the sun has been gathered up into the medium between the stars and condensed to make another stellar generation. This game, says the Professor to Sheldon, has taught us one main lesson: that the meek shall inherit the galaxy.





THE MATRIMONIAL MOMENTUM AND THE EVOLUTION OF PARTICLES

In “The Matrimonial Momentum,” Season 9, Episode 1, Leonard’s wedding vows invoke the evolution of particles.
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[Democritus says:] “By convention sweet is sweet, by convention bitter is bitter, by convention hot is hot, by convention cold is cold, by convention color is color. But in reality, there are atoms and the void. That is, the objects of sense are supposed to be real and it is customary to regard them as such, but in truth they are not. Only the atoms and the void are real.”

—Democritus (460–370 BC), as described by Diogenes Laërtius (third century AD)

It All Started with the Big Bang!

As the Barenaked Ladies song goes, “Our whole universe was in a hot, dense state/Then nearly fourteen billion years ago expansion started . . . a fraction of a second and the elements were made . . . it all started with the big bang!” And, as Sheldon and Leonard are physicists who study matter in motion, all potential roads of inquiry lead back to the big bang. That’s where it all began, at least according to a consensus of physicists today. Every scrap of physical matter and energy bears witness to this history, which is why scholars spend so much time learning how to read its evidential traces. Astrophysicists scour the earth for evidence of things that happened long ago, but not necessarily far away.

First up: matter is made of atoms. As has been pointed out elsewhere in this book, this idea was established long ago. Ingenious ancient Greeks, such as Democritus and Epicurus, were the first Atomists. And yet the idea that the mass of each atom is centered at its nucleus came much later. In the early twentieth century, Ernest Rutherford, the son of Scottish immigrant farmers born at the edge of empire in 1871, became the father of nuclear science, a great charismatic figure who mapped the landscape of the subatomic world. He charted the atom’s constituent parts, discovered that elemental decay was the cause of radiation, and became the first true alchemist in the history of science when he forced platinum to change into gold.

The physicists soon found that the mass of an atom consists mostly of the protons and neutrons in its nucleus. The exception to this is simple hydrogen, whose nucleus is a sole proton. The total number of neutrons and protons in an atom’s nucleus gives its atomic weight. And from this nano-scale architecture (for instance, a helium atom has the size of 0.1 nanometers or 10–10 meters) derives much of the structure of our macro-world.

Second, matter is also frozen energy. This fact is packed into Albert Einstein’s most famous equation of e = mc2. In plain English, energy is equal to mass, multiplied by the speed of light squared. As the speed of light is a rather large number (186,000 miles or 300,000 kilometers a second), Einstein’s innocuous-looking formula packs a lot of punch. It predicts that small amounts of mass harbor huge amounts of energy. And it accounts for cosmic events, such as the stars that burn for billions of years and more down-to-earth but dramatic incidents, such as why a small nuclear bomb the size of a satsuma can lay waste to Nagasaki.

The Elements Were Made

Physicists such as Sheldon and Leonard claim that these two ideas—that matter is made of atoms and is also a form of frozen energy—only make sense in the light of big bang theory. All matter is a product of universal history, and physicists account for the way things are because they were as they were at the very beginning. In other words, matter can be analyzed for data about the way in which the cosmos evolved.

Take the question of matter as frozen energy, for example. It is so because the cosmos began in a state of high energy, but cooled down and solidified into cold matter. Why did the cosmos cool? Because the expansion of the universe, mentioned in the Barenaked Ladies song, means that the same amount of energy in a larger and increasing volume of space results in a lower universal level of energy. In short, energy froze out into matter.

As to the question of why matter is actually made of atoms, the answer also lies in the big bang. The light and simple elements of hydrogen, helium, and lithium were first fused in the early minutes of the cosmic expansion, as the universal energy cooled and neutrons and protons were able to get together to form the nuclei of atoms. But here’s where the Barenaked Ladies song got it wrong. It’s not the case that “a fraction of a second and the elements were made.” The rest of the chemical elements, those heavier than hydrogen, helium, and lithium, were forged later, in the cores of stars.

One of the first physicists to realize that the big bang could not have made any elements heavier than lithium was Italian Nobel Prize-winning scientist Enrico Fermi. Fermi had a dark sense of humor. It was he who jokingly took bets on whether the Earth’s atmosphere would be set on fire at the first detonation of a nuclear device, the Trinity test, on July 16, 1945. Fermi was mocking concerns that the fission explosion of the bomb might trigger runaway fusion of the nitrogen that makes up over 70 percent of the air that surrounds the entire planet!

It’s the same kind of fusion that happens in the very cores of stars. Stars like our sun burn differently from how things on earth do. Here on Earth, when something burns, such as wood, a chemical reaction with oxygen occurs. But stars are made mostly of hydrogen gas, and hydrogen is what usually burns at the star’s core. That’s due to a star’s size, and the fact it’s so packed with particles that the temperature at its center is around 16 million degrees centigrade. That’s hot enough to burn the hydrogen into helium gas. In the case of the sun, this burn is at the rate of about 4 million tons of gas every second, which is the same energy as seven trillion nuclear explosions, every second. A star is essentially a bomb that goes off slowly.

Stars like the sun never really die. They simply spend their lives changing the fuel for their fires. They may spend most of their lives burning hydrogen into helium, but in time they can burn carbon, oxygen, and silicon, too. Indeed, there are different life journeys a star can take. And each journey depends on the strength of the star’s fire. But whichever way they go, stars recycle their viscera out into space, ejecta richly made of the chemicals created inside the stars. And that star stuff is a future part of the interstellar mixture, an ingredient of the cosmic recipe for a new generation of stars to be made out of the old.

Rewriting the Wedding Vow

Back in the 1940s and 1950s, physicists made the same mistake as the Barenaked Ladies and tried to explain the cosmic presence of all the chemical elements from the big bang theory alone. Until, that is, along came British physicist Fred Hoyle. A talented popularizer of science who made regular appearances on TV and radio and also wrote sci-fi, Fred had a good grasp of math and theoretical physics but also possessed a penchant for unpopular concepts.

Indeed, Fred is even credited with coining the term “big bang.” During a 1949 BBC radio broadcast, he said: “These theories were based on the hypothesis that all the matter in the universe was created in one big bang at a particular time in the remote past.” It is often thought that Fred, who favored the alternate “steady state” cosmological model, intended this as an insult. But he later denied it, saying it was merely a striking way to contrast the two models.

In the late 1950s, Fred led a group of anti-big bang physicists who finally showed how the heavier elements originate in stars. The stellar fusion reactions were the engine of elements heavier than carbon. Along with Caltech scholar William Fowler, and husband and wife astronomers Geoffrey and Margaret Burbidge, Fred set out the details of eight fusion reactions that turned light elements into heavy ones. Once made, these elements are recycled into space through stellar winds, red giants, and supernovae.

And so perhaps a more accurate wedding ceremony vow from Leonard would have been “Penny, we are made of particles that have existed since the beginning of cosmic time. Those atoms went on a journey of over 14 billion years, brewed up by stars and supernovae, and sailing through space on stellar winds to create us, so that we could be together and make each other whole.”





THE HELIUM INSUFFICIENCY: LIFE’S A GAS

In “The Helium Insufficiency,” Season 9, Episode 6, and other episodes, the science of gases crosses our path.
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“The feeling of it to my lungs was not sensibly different from that of common air; but I fancied that my breast felt peculiarly light and easy for some time afterwards. Who can tell but that, in time, this pure air may become a fashionable article in luxury. Hitherto only two mice and myself have had the privilege of breathing it.”

—Joseph Priestly, Experiments and Observations on Different Kinds of Air (1775)

The Life and Times of Gas

The plot of “The Helium Insufficiency” episode revolves around the question of gas. Sheldon and Leonard discover that a team of Swedish scientists are trying to prove their Superfluid Helium theory. To beat the Swedes to the punch, our dynamic scholarly duo decide they have to conduct an experiment to show their theory’s viability at once but soon find the liquid helium they need won’t be available for a month. This is a rather ironic state of affairs, as, cosmically, the gas helium is the second most abundant element in the entire universe, after hydrogen. And oxygen, which Sheldon mentions in his award acceptance speech in “The Pants Alternative,” is the third most abundant element in the universe. We’ve talked elsewhere in this book about the big bang theory of the origin of the chemical elements, but how did some of those elements come to make up the air we breathe on Earth, and if helium and oxygen have been around for almost fourteen billion years, how come we only discovered them in 1868 and 1775, respectively?

The air we breathe, the gaseous atmosphere of Earth, is an integral part of our planet, first formed, along with the rest of the solar system, about five billion years ago. At first, the system was made entirely of gas, but when gravity got a grip on these huge clouds of gas in space, they began to collapse. The clouds collapsed into clumps that got gradually bigger until they eventually made planets. And yet the air on earth today is not the same as it was all those years ago when our planet was first formed. Air has evolved. It has changed over the last few billion years, from the thick and hazy air of the prehistoric past, to the mostly blue-skied modern day. These changes have been attributed to the gases that make up the air. And the evolution of living things changed the air, which in turn altered life itself. It’s been a long hard slog over a number of centuries for scholars to come to this conclusion, through the study of ancient rocks, soils, and fossils.

Evolution of Air Timeline

The Early Atmosphere: 4.6 billion years ago

The early Earth was a violent and dramatic place, much like the early history of the United States. And, as Earth cooled down, the air around it was mostly made from toxic gases spewed out from volcanoes. These included methane, hydrogen sulphide, and far more carbon dioxide than in today’s atmosphere.

The Archean Eon: 4 to 2.5 billion years ago

During this eon in Earth history, our planet was shrouded in a haze of methane. There was no oxygen in the air, only in the planet’s water. Simple early life did not need oxygen to survive. Then, around 2.7 billion years ago, tiny blue-green organisms, called cyanobacteria, began to flourish in the seas. They made oxygen gas from carbon dioxide, water, and sunlight—the process called photosynthesis. Over time, oxygen made up 1 percent of the air (today’s level is 21 percent).

The Oxygen Boom: 2.6 billion to 400 million years ago

Air and life on Earth evolved together. Over millions of years, tiny organisms made enough oxygen to transform the methane in the atmosphere, eventually clearing the haze and turning the sky blue. Between 700 and 550 million years ago, the amount of oxygen in the seas and air boomed. By 600 million years ago, the oxygen in the air reached about 4 percent. The oxygen boom was kind to life-forms that liked to use oxygen to create energy. But for other life-forms, oxygen was poisonous. And those organisms were either forced into extreme airless environments, or into extinction.

The Discovery of Oxygen:
 The Apothecary, the Minister, and the Tax Collector

So, what’s the story of the discovery of the all-important, to humans anyhow, element of oxygen gas? Well, there are three dead chemists who usually surface in the debate over who should get the credit for discovering oxygen. Let’s look at the pros and cons of each in turn, focusing on the way in which they isolated oxygen, and how their experiments promoted our understanding of the element.

Chemist 1: Carl Wilhelm Scheele, German-Swedish Apothecary

Pros

In 1772, Scheele became the first chemist to figure out how to isolate oxygen. He found that the four compounds silver carbonate, mercuric oxide, and magnesium and potassium nitrates all released the same gas on heating. The German-born Swedish apothecary named the mystery element “fire air,” as he saw that it made sparks when it came into contact with dust of charcoal. Incidentally, Scheele also discovered chlorine, so he was an accomplished chemist.

Cons

Scheele’s one big error was his timing. He didn’t publish his discovery until 1777, in a paper titled “Chemical Observations and Experiments on Air and Fire,” by which time it was too late. English chemist Joseph Priestley had by then already published a paper on his findings, the comprehensive “Experiments and Observations on Air.” And French nobleman Antoine Laurent Lavoisier had also met with success in isolating the gas. As Scheele had waited so long to get his word out, his pioneering experiment was usually disregarded by other scientists. This earned him the nickname “hard-luck Scheele” from American science fiction writer Isaac Asimov.

Chemist 2: Joseph Priestley, British Radical Unitarian Minister

Pros

In 1771, Priestley discovered that a mouse in a sealed vessel would eventually collapse. Next, Priestley slipped a sprig of mint into the vessel and saw that the plant magically revived his subject. Believing that plants somehow freshened up the air, Priestley wrote to his friend and colleague Benjamin Franklin, declaring in vain that he hoped his discovery would stop folk from cutting down so many trees. But it wasn’t until 1774 that Priestley isolated the mystery gas. He heated some mercuric oxide and saw that it released a gas that could reignite a glowing ember. Priestley then collected large amounts of the gas and tried breathing it himself, which is pretty brave when you think about it! After a few gulps, Priestley was hooked. As is quoted at the top of this chapter, Priestly declared, “Who can tell but that, in time, this pure air may become a fashionable article in luxury.”

Cons

Priestley’s biggest failing was his reluctance to ditch the “phlogiston theory,” a popular but today fringe hypothesis, which held that chemical combustion was fueled by an invisible substance called phlogiston. Priestley thought that his mystery gas promoted combustion, as it was pure and could absorb phlogiston released by burning substances. And this is why he embarrassingly campaigned to name oxygen “dephlogisticated air.”

Chemist 3: Antoine Laurent Lavoisier, French Nobleman/Commissioner of the Royal Gunpowder and Saltpeter Administration

Pros

It was Lavoisier who debunked phlogiston theory. Until Lavoisier, chemists simply couldn’t explain why tin gained weight when it was burned. If tin really was releasing phlogiston, it should surely lose mass, but Lavoisier saw that there was no way phlogiston could have a negative mass, so he set out to prove that combustion was caused by something else. Eventually, Lavoisier proved that combustion was the result of a chemical reaction with a gas he named “oxygen” and not some flammable mystery element called phlogiston. Not only that, but Lavoisier also helped establish the metric system.

Cons

Lavoisier may have been the one to name oxygen, but he was not the first to isolate the gas or recognize its unique properties. Lavoisier had been in contact with both Priestley and Scheele and “borrowed” from their experiments.

Most scientists credit Joseph Priestley with the discovery of oxygen. He published first, and his breakthrough was realizing plants gave off oxygen, which enabled future scientists to understand cellular respiration and photosynthesis, both processes being fundamental to life on Earth. He was also farsighted enough to see the commercial potential of oxygen, when he predicted that pure air would be a hit at fashionable parties. Over two centuries later, oxygen bars have finally become a thing.





THE ROMANCE RESONANCE: FUN WITH FLAGS AND ELEMENTS

In “The Romance Resonance,” Season 7, Episode 6, Sheldon thinks he’s discovered a new chemical element.
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“There’s antimony, arsenic, aluminum, selenium,

And hydrogen, and oxygen, and nitrogen, and rhenium

And nickel, neodymium, neptunium, germanium

And iron, americium, ruthenium, uranium

Europium, zirconium, lutetium, vanadium

And lanthanum, and osmium, and astatine, and radium

And gold, protactinium, and indium, and gallium,

And iodine, and thorium, and thulium, and thallium

There’s yttrium, ytterbium, actinium, rubidium

And boron, gadolinium, niobium, iridium

And strontium, and silicon, and silver, and samarium

And bismuth, bromine, lithium, beryllium, and barium

There’s holmium, and helium, and hafnium, and erbium

And phosphorous, and francium, and fluorine, and terbium

And manganese, and mercury, molybdenum, magnesium

Dysprosium, and scandium, and cerium, and cesium

And lead, praseodymium, and platinum, plutonium

Palladium, promethium, potassium, polonium

And tantalum, technetium, titanium, tellurium

And cadmium, and calcium, and chromium, and curium

There’s sulfur, californium, and fermium, berkelium

And also, mendelevium, einsteinium, and nobelium

And argon, krypton, neon, radon, xenon, zinc, and rhodium

And chlorine, carbon, cobalt, copper, tungsten, tin, and sodium

These are the only ones of which the news has come to Harvard

And there may be many others but they haven’t been discovered”

—“The Elements Song,” Tom Lehrer, Tom Lehrer in Concert (1959)

Elementary, My Dear Sheldon

Pride comes before a fall. And Sheldon learns this all too well in “The Romance Resonance.” At first, we see him in the apartment, deep in his whiteboard calculations. Sheldon believes he’s discovered a new and stable superheavy element of the periodic table, that tabular arrangement of the chemical elements, which can also sometimes be seen on the apartment’s shower curtain. Later, however, Sheldon can’t get over the fact that his greatest scientific breakthrough is based on a blunder.

The mention of a team of scientists from China in the same episode, who help test Sheldon’s elemental discovery, is the spark we (don’t really!) need to launch a quick game of “fun with flags and elements.” In a quirky riff on the periodic table, we can map out the flags of the countries where the scientists were working when they discovered the relevant element. And, in the course of the game, we might find if there were any other blunders in the discoveries of other elements in the table.

Now, the very aim of chemistry is to grasp the complex materials that constitute everything in existence since the big bang. That’s a tall order! As we discuss elsewhere in this book, the cosmos emerged mostly out of the two elements of hydrogen (H) and helium (He), with a dash of lithium (Li) in the mix. Today, we know of 118 elements. Some have been known since before written history, such as gold (Au), silver (Ag), copper (Cu), lead (Pb), tin (Sn), and mercury (Hg), while elements 99 to 118 have only been relatively recently synthesized in laboratories or nuclear reactors. The key to understanding the elements is the periodic table, a pattern embedded in nature, which was miraculously discovered in a dream! So, what’s the story of “fun with flags and elements?”

Greek Beginnings

First up is a false start from the ancient Greeks. Aristotle thought there were only four elements: earth, air, fire, and water. He had borrowed the idea from another Greek, Empedocles, but pitched the concept with a little more poetry. Think about, Aristotle says, a stone falling into a pool. The stone plunges to the pool’s bottom because its constituent, earth, is the heaviest of the four elements and down is its natural place to be. The bubbles that appear stuck to the stone on its descent are made of air. As the stone plummets, the bubbles are drawn up through the water to their own element of air, as up is air’s natural place. If you were now to light a fire beside that pool, you would watch as the flames from the fire appear to go upward.

So, Aristotle’s idea was that the four elements each had their own natural resting place. And his evidence for this would be the very picture he paints beside that pool. Now as ideas go, that’s quite a big blunder, though an understandable one, as Aristotle was living in the 300s years BC, yet his idea held sway over science for more than two thousand years. For one thing, Aristotle’s definition of an element still stands today: an element is an entity to which other bodies can be resolved, but which cannot itself be resolved into anything simpler. And for another, earth, water, and air represent the three states of matter: solid, liquid, and gas; they’re observable qualities that can easily be seen by everyone. What’s more is that the application of heat appears to provide evidence that these elements flow from one into the other. Followers of Aristotle were, of course, aware of solids such as gold, silver, and copper, but they believed the transmutation of such elements could be achieved by simply adjusting the amounts of fire or earth or water that they contained. Such ideas led to alchemy.

Blunder to Alchemy to Chemistry

From trying to transmute one classical element into another, alchemists experimented with materials. Distillation (turning a liquid into a gas and then making it liquid again by cooling), fractionation (separating constituent quantities from a mixture), and crystallization (turning a liquid into a crystalline solid) were all the developments of the alchemists, so chemistry goes way, way back before the modern days of the ideas of atoms and elements, even if we didn’t always call it by the name chemistry.

Even after the scientific revolution, difficulties still presented themselves. Some elements were identified that later turned out to be compounds, and the whole painstaking process moved very slowly. The revolution associated with Galileo and Newton was one of physics and was also a revolution in measurement. Nonetheless, for burgeoning chemists, it’s very tricky measuring the nuance of chemical composition, or the vagaries of color, smell, and other characteristics that chemical materials might possess.

A towering figure in the experimental philosophical community in London in the 1660s and the associated transformation from alchemy to chemistry was Anglo-Irish natural philosopher Robert Boyle. Best known for Boyle’s Law and the seventh son and fourteenth child of the fabulously wealthy and landed Richard Boyle, 1st Earl of Cork, Boyle wrote The Sceptical Chymist in 1661. Published in the form of a dialogue, the book presented Boyle’s Atomist ideas. He questioned the limited belief in just the four classical elements of Aristotle. Boyle’s hypothesis was that matter was made of atoms or clusters of atoms in motion, and that every phenomenon in the cosmos was the result of collisions of these atoms. This sounds like the ancient Atomists, and yet the pious Boyle wouldn’t have dreamt of anything as ungodly as atheistic Greek Atomism. Boyle’s book became one of the most widely cited works and encouraged artisans and tradesmen to engage in experimental chemistry, providing a vision of the kind of projects they might achieve, as well as inventing the very experimental method that modern science has used ever since. Arriving early in the game led to the United Kingdom being the country that secured the largest a number of elemental discoveries (nineteen) in “fun with flags and elements,” including magnesium (Mg, in the year 1755), hydrogen (H, 1766), nitrogen (N, 1772), Titanium (Ti, 1791), and a whole slew of other elements in the 1800s, including almost all of the noble gases.

Another nobleman, Antoine Lavoisier, was a huge influence on both the history of chemistry and the eighteenth-century chemical revolution. Widely considered to be the father of modern chemistry, Lavoisier’s considerable contribution to chemistry mostly stems from his changing the subject from a qualitative to a quantitative one. Consequently, Lavoisier is noted for his major discovery of the role oxygen plays in combustion. He identified and named oxygen (O) in 1778, and hydrogen (H) in 1783. Lavoisier also compiled the first extensive list of elements and helped reform chemical nomenclature, so that all chemists globally began to call known elements by the same standardized names. He predicted the existence of silicon (Si) in 1787 and in 1777 was also the first to establish that sulfur (S) was an element and not a compound. Interestingly, at the height of the French Revolution, Lavoisier was charged with tax fraud, and selling tainted tobacco, and was guillotined in 1794. Nonetheless, France has amassed a total of sixteen elemental discoveries in “fun with flags and elements,” including bismuth (Bi, 1753), chromium (Cr, 1797), beryllium (Be, 1798), and boron (B, 1808).

Despite Sweden being one of the largest countries in Europe, stretching northward into the Arctic Circle and at one time also encompassing most of Finland, its achievements in science often escape attention. Yet from the beginning of the eighteenth century, especially after the end of absolute monarchy in 1718, there was a belief that scientific methods could help improve and develop Swedish mining, metallurgy, and agriculture. A new Sweden signaled an age of democracy, which fostered the rise of such science. So, the importance of Swedish chemistry in the eighteenth century is undisputed, though often neglected, and incredible considering that science wasn’t officially accepted in the country until near the end of the 1700s. Forty percent of the chemical elements found since the Middle Ages were discovered in Sweden, among them barium (Ba, 1772), cobalt (Co, 1735), nickel (Ni, 1751), oxygen (O, 1771), chlorine (Cl, 1774), lithium (Li, 1817), silicon (Si, 1823), and manganese (Mn, 1774).

Fun with Flags and Elements: Final Score

In time, chemists began to discover certain patterns among the elements. The most crucial development came from Russian chemist and inventor Dmitri Mendeleev. His cunning innovation was not just to identify patterns among the elements and their behavioral characteristics, but, just as important, to identify where there might be gaps, belonging to as yet unidentified elements. He forecast that these gaps would be filled in the future. The order in which elements appear in the table is based on their atomic weight. Mendeleev forecast what new elements would be discovered and also forecast their properties and weight. He was even cheeky enough to suggest that elements that didn’t quite fit his schema must have had their weights wrongly measured by other chemists! Indeed, Mendeleev had been working so hard on his prototype periodic table that he claims to have conjured up a vision of the complete arrangement of the elements in a dream: “I saw in a dream a table where all elements fell into place as required. Awakening, I immediately wrote it down on a piece of paper, only in one place did a correction later seem necessary,” as quoted in the publication Soviet Psychology in 1967.

All told, a dozen elements were known before the modern day. Twenty-two elements were discovered between 1650 and 1799, twenty-five between 1800 and 1849, twenty-four between 1850 and 1899, fourteen between 1900 and 1949, fifteen between 1950 and 1999, and the rest during the course of the present century. Of the discovered elements, nineteen were discovered in the UK, eighteen in Sweden, eighteen in Germany, sixteen in France, eleven in both Russia and the United States, and a total of sixteen elsewhere.

Finally, a word of warning in case anyone should try to use these data in the name of political cause, rather than mere historical accident. Consider the discovery of polonium, the first element to be discovered by Marie and Pierre Curie. They were working in a glorified shed, with substances so dangerously radioactive their experimental notes are still too active to be handled safely. They finally isolated the element and later named it polonium, after Marie’s home country. A country, it should be noted, that rejected her pursuit of education, as she was a politically active female. It was Marie’s hope that by naming the element after Poland, she could inspire interest in her country’s campaign for independence from Germany, yet her personal victory came under the French flag, where Marie was working at the time. It remains to this day the only element to be named after an overt political cause.





THE DUMPLING PARADOX: REDUCTIO-AD-ABSURDUM

In “The Dumpling Paradox,” Season 1, Episode 7, Leonard engages in reductio-ad-absurdum.
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“In the space of one hundred and seventy-six years the Lower Mississippi has shortened itself two hundred and forty-two miles. That is an average of a trifle over a mile and a third per year. Therefore, any calm person, who is not blind or idiotic, can see that in the Old Oölitic Silurian Period, just a million years ago next November, the Lower Mississippi was upwards of one million three hundred thousand miles long, and stuck out over the Gulf of Mexico like a fishing-pole. And by the same token any person can see that seven hundred and forty-two years from now the Lower Mississippi will be only a mile and three-quarters long, and Cairo [Illinois] and New Orleans will have joined their streets together and be plodding comfortably along under a single mayor and a mutual board of aldermen. There is something fascinating about science. One gets such wholesale returns of conjecture out of such a trifling investment of fact.”

—Mark Twain, Life on the Mississippi (1884)

Appeal to Extremes

In “The Dumpling Paradox,” Penny’s promiscuous friend from Nebraska is not only in town, but has taken over Penny’s apartment, forcing Penny to sleep over at Sheldon and Leonard’s. The dynamics of the situation send Sheldon into disarray, not only interrupting his Saturday routine of watching Doctor Who, but also leading Sheldon to “engaging in reductio-ad-absurdum . . . the logical fallacy of extending someone’s argument to ridiculous proportions and then criticizing the result.” In logic, reductio-ad-absurdum, or the “appeal to extremes,” is a form of argument that tries to disprove something by showing it leads to an absurd or impractical conclusion. The technique can be traced back to classical Greek philosophy’s “demonstration to the impossible.” And reductio-ad-absurdum has been used ever since, both in formal philosophical and math reasoning and in situations where pedants like Sheldon wish to prove a point.

The very first and maybe best examples of reductio-ad-absurdum come from ancient Greek thinker Zeno of Elea, who flourished in the fifth century BC, probably between 490 and 430 BC. Zeno’s great innovation in thinking was the paradox, a tool to focus on the unexpected consequences of common-sense ideas, to question assumptions, and to stimulate new theories. In case you think you may never have heard of Zeno, just consider these three examples of reductio-ad-absurdum: according to Zeno’s paradoxes, motion is not possible, an arrow in flight does not move, and the fastest runner in Homer, Achilles, could never catch up with a tortoise in a race, if he gave it a head start.

For two and a half thousand years, thinkers from Aristotle to British philosopher Bertrand Russell have tried to refute Zeno’s ideas, or explain them away with varying success. Late medieval mathematicians Newton and Leibniz went some way to show up flaws in Zeno’s arguments, but the questions Zeno raised about space and time are as relevant as ever and have reemerged in quantum physics.

Zeno’s paradoxes seem to have begun in the most unusual manner. Another Greek philosopher by the name of Parmenides had written a very peculiar poem in the style of the famous Greek poet Homer, the legendary author of Iliad and Odyssey, but with very different subject matter from the battle of Troy, as in Iliad, or the journey home after the fall of Troy, as in Odyssey. Instead, the poem of Parmenides set out to prove that reality is only one thing, or entity, and that this one thing is changeless and motionless and perfect. Parmenides was reacting to traditional Greek thinking of the world in terms of earth, air, fire, and water. A plurality of things, or many things. The four elements theory tried to explain the world and how the world worked and how various transformations from one element into another might happen, and how the world was varied and differentiated. It’s all an illusion, suggested Parmenides: in fact, the world around us is one thing only.

Now, as you can well imagine, this seems like a tough argument to win. But Parmenides had Zeno and his paradoxes on his side, so one way to think of these paradoxes is that they were an attempt to undercut possible objections to the Parmenides thesis on the basis of common-sense assumptions, that there are many things and that clearly those many things do indeed move.

Achilles and the Tortoise

Probably the best-known Zeno paradox is Achilles and the Tortoise. Achilles is the fastest runner in the ancient world, and he has a race with the slowest runner in the ancient world, a tortoise. Indeed, Achilles is such a fast runner that he can give the tortoise a head start. Let’s imagine they’re racing on a hundred-meter racetrack; this is ancient Greece after all, so we won’t use yards. Imagine also that the tortoise is allowed to start ten meters in. The race begins, and first Achilles must cover the same ten meters that the tortoise was given as a head start. However, during the time that elapses as Achilles covers his first ten meters, the tortoise will have moved on. True, the tortoise wouldn’t have moved very far, as it’s a creepingly slow creature, but let’s imagine the tortoise moved on a further meter.

The next labor of Achilles is to cover this extra meter, which the tortoise has managed. And yet, during the time Achilles is covering this new meter, the tortoise will have moved yet farther, let’s say 10 centimeters. Again, a similar thing happens, and, even though the distance between Achilles and the tortoise gets less and less, it will never get to zero. So, according to Zeno, humiliation is brought down on old Achilles. He may be the world’s fastest runner, but he will never be able to overtake the interminable progress of the tortoise.

Rather than claiming a runner can never practically be overtaken in a race, what Zeno is actually doing is challenging other thinkers to defeat his argument. The paradox is really a challenge of the infinite. In particular, it’s a challenge to something in math known as an infinite series. That’s because if we were to find a solution to the paradox of Achilles, we would have to add up infinitely many things to find out how long it takes Achilles to do the infinite number of tasks to overtake the tortoise.

Let’s say he does the first step in half a minute, the second step in half that time, so a quarter of a minute, the third step in an eighth of a minute, the next step in a sixteenth of a minute, and so on. So, it looks like Achilles is having to do an infinite number of tasks to win the race. The way mathematicians eventually resolved this paradox was to say, well, okay, how long does it actually take for Achilles to do this infinite number of tasks? Achilles carries out the tasks because it takes him a finite amount of time. The infinite series of 1/2 plus 1/4 plus 1/8 plus 1/16, and so on, actually adds up to a small amount of time, which is likely to be less than a minute! So, Zeno was actually challenging thinkers on the question of adding up infinitely many things in math and questioning as to whether such math series had some sort of physical reality. Mathematicians did indeed solve it, but it took until the seventeenth or eighteenth century until they came up with a way to understand how to navigate these infinitely many numbers.

Mark Twain and the Eiffel Tower

My favorite “demonstration to the impossible” comes from the great American humorist, Mark Twain. In 1903, a book had been published by the English naturalist Alfred Russel Wallace. Along with Darwin, Wallace had been cofounder of the modern theory of evolution. Now, Wallace inaugurated the study of biogeography with his 1903 book Man’s Place in the Universe. In the book, Wallace argued that, given only a small change in the history of the universe would have prevented the evolution of intelligent beings, it proved that the universe was designed with the ultimate purpose of life culminating in man.

Twain’s sardonic reply to Wallace’s popular but fallacious argument begins innocently enough: “I seem to be the only scientist and theologian still remaining to be heard from on this important matter of whether the world was made for man or not. I feel that it is time for me to speak. I stand almost with the others.”

Twain then goes on to slowly and very subtly rip Wallace’s argument to pieces, beginning with astronomy and geology: “Now as far as we have got, astronomy is on our side. Mr. Wallace has clearly shown this. He has clearly shown two things: that the world was made for man, and that the universe was made for the world—to stiddy it, you know. The astronomy part is settled, and cannot be challenged. We come to the geological part. This is the one where the evidence is not all in, yet. It is coming in, hourly, daily, coming in all the time . . .”

Next, emphasizing the antiquity of the world and the universe, Twain focuses on the evolution of biota to ready the world for the coming of man, with beautiful phrases such as “The oyster being achieved, the next thing to be arranged for in the preparation of the world for man, was fish. Fish, and coal—to fry it with” and “Yes, it took thirty million years and twenty million reptiles to get one that would stick long enough to develop into something else and let the scheme proceed to the next step.”

Finally, Twain ends his riposte with sheer proof of his genius as a writer. It’s the most wonderful “appeal to extremes” example of argument: “And at last came the monkey, and anybody could see that man wasn’t far off, now. And in truth that was so. The monkey went on developing for close upon 5,000,000 years, and then turned into a man—to all appearances. Such is the history of it. Man has been here 32,000 years. That it took a hundred million years to prepare the world for him is proof that that is what it was done for. I suppose it is. I dunno. If the Eiffel Tower were now representing the world’s age, the skin of paint on the pinnacle-knob at its summit would represent man’s share of that age; and anybody would perceive that that skin was what the tower was built for. I reckon they would, I dunno.”





THE BACHELOR PARTY CORROSION AND ARCHIMEDES

In “The Bachelor Party Corrosion,” Season 9, Episode 3, Sheldon quotes the legendary Archimedes.
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“I have found it! or I have got it! [commonly quoted as Eureka!] What he exclaimed as he ran naked from his bath, realizing that by measuring the displacement of water an object produced, compared to its weight, he could measure its density (and thus determine the proportion of gold that was used in making a king’s crown).”

—as quoted by Vitruvius Pollio in De Architectura, ix.215 (first century BC)

“When . . . the Romans assaulted the walls in two places at once, fear and consternation stupefied the Syracusans . . . But when Archimedes began to ply his engines, he at once shot against the land forces all sorts of missile weapons . . . that came down with incredible noise and violence . . . they knocked down those upon whom they fell in heaps, breaking all their ranks and files . . . huge poles thrust out from the walls, over the ships, sunk some by the great weights . . . from on high . . . others they lifted up into the air by an iron hand or beak like a crane’s . . . and . . . plunged them to the bottom of the sea; or else the ships, drawn by engines within, and whirled about, were dashed against steep rocks . . . under the walls, with great destruction of the soldiers . . . aboard them. A ship was frequently lifted up to a great height in the air . . . and was rolled to and fro . . . until the mariners were all thrown out, when at length it was dashed against the rocks, or let fall.”

—the Siege of Syracuse (214–212 BC), described by Plutarch (75 AD)

“Give me the place to stand, and I shall move the earth [said to be his assertion in demonstrating the principle of the lever].”

—as quoted by Pappus of Alexandria, Synagogue, Book VIII (340 AD)

Ingenious Archimedes and the Ancient World

In the episode “The Bachelor Party Corrosion,” Sheldon is quite right about Archimedes, who really is meant to have said, “given the right place to stand, I could move the earth.” It’s a testament to his belief that math has the power to change the world. But who was Archimedes? Did he develop a death ray to fight off invading ships? And did one of the world’s greatest-ever mathematicians invent not just pulleys and levers, but also create formidable weapons, such as the catapults and Giant Claw devices, which allowed his home city in Sicily to defend itself against the Romans?

Not much is known about the early life of Archimedes. We know that he lived in the third century BC in Syracuse in Sicily. And we know that his father was an astronomer called Phidias, as Archimedes mentions him in the preface to one of his treatises. When we say Archimedes was Greek, we have to be clear what we mean. He lived in Sicily, which is now of course in modern-day Italy but was then a Greek city in a part of the world under the powerful influence of Greek language and culture. The same applied to many peoples who were living anywhere around the edge of the Mediterranean during what’s known as the Hellenistic Period of ancient Greek history, between about 323 and 146 BC.

There’s no proof that Archimedes ever set foot in Greece. As a Greek-speaking person, he may well have been educated at the Greek academies in Athens, and yet the evidence is lacking. But Archimedes is thought to have visited the great library in Alexandria in Egypt, which was the cultural center of the Mediterranean at the time. Alexandria was a multicultural capital that attracted scribes and scholars from all over the ancient world and would have helped Archimedes imbibe the very best of Greco-Egyptian learning, in particular mathematics and engineering. Driven by the urge to wage war, as ever, the kings of Alexandria were financing research into the practical applications and inventions based on mathematics, and the library was the place where scholars from all around the Mediterranean would converge to learn these new techniques.

Screw

Archimedes is often credited with the Screw. This is an ingenious machine used for transferring water. It consists of what looks like a large corkscrew, enclosed in a cylindrical casing. As you lower the bottom of the Screw into water, and then turn the Screw, the water rises up through the corkscrew, rather like the way in which placing a screw into a wine bottle causes the cork to rise up out of the bottle. The Archimedes Screw was very important in the Greek world for drawing water out of a well, or a reservoir or a ditch, and getting it up and out onto your irrigated fields. Remember that Greece is around 80 percent mountainous and not an easy land to farm.

Whether or not the Screw is of Archimedes’s design is a matter of debate. While it’s true that the Greeks attributed the Screw to Archimedes, it was after the occasion of his visit to Egypt, so the Greek tradition may merely reflect that the machine was unknown to the Greeks before Hellenistic times. Some scholars say the Screw was the device used to irrigate the Hanging Gardens of Babylon, one of the Seven Wonders of the Ancient World. For example, a cuneiform inscription of the Assyrian King Sennacherib (704–681 BC) has been taken by some scholars to describe casting water screws in bronze some 350 years before Archimedes. This chimes with the writing of classical Greek author Strabo (64 BC–24 AD), who describes the Hanging Gardens as irrigated by screws.

Weapons of War

At the very end of his life, Archimedes was called upon to put his learning into practice in the defense of his home city of Syracuse from Roman attack. The Siege of Syracuse was part of the Punic War that the Roman Republic was waging against the city of Carthage, now in modern-day Tunisia. A number of different sources have described the weapons that Archimedes is meant to have invented.

The first is the catapult. The device was said to have had an adjustable range and was chiefly used against the Roman naval forces. You may picture a catapult as a stick with a bit of elastic attached, and a pouch with a pebble as its projectile. The Archimedes catapult system is something similar. It was said to be able to launch rocks, timbers, and other heavy projectiles over the huge distance between the city walls and the moored Roman ships. In its most basic form, the catapult used a winched-down bucket into which a projectile was placed. On release of the bucket, the built-up potential energy meant the projectile was launched over considerable distances. The Romans were said to be so impressed by Archimedes’s invention that, following the siege of Syracuse, they took one of his catapults back with them to use as a prototype for developing their own device.

Another Archimedes war machine was the Giant Claw. Once the Romans were driven back from the bows of their ships, the Giant Claw, joined to a heavy chain, would be let down and attached to the prow of a ship. Next, a giant lever was pressed down, a feat that reportedly required the strength of almost the whole city of Syracuse. The levering caused the ship to be lifted up out of the water, making the ship stand on its stern, resulting in the capsizing of the ship, or the plunging of the ship into the water, where it was swiftly inundated and sunk.

A third ingenious application of math and physics was the Archimedes Death Ray. Sounding a lot like the Martian Death Ray from The War of the Worlds, and also known as the burning mirror, Archimedes’s Death Ray is said to have used the focused rays of the sun to set Roman ships on fire. The trick was allegedly pulled off by a set of mirrors reflecting sunlight into one concentrated stream, which, in due course, was said to have set fire to the Roman sails and masts.

These inventions of Archimedes are so legendary that their credibility has been the subject of ongoing debate since the Renaissance. Artistic interpretations of Archimedes’s Death Ray burning Roman ships, as well as another depicting the Giant Claw, were painted by Italian architect and designer Giulio Parigi in 1599. The plausibility of the Giant Claw was tested in 1999 during the BBC television series Secrets of the Ancients, and once more in the 2005 Discovery Channel TV series, Superweapons of the Ancient World. Discovery’s Superweapons gathered together a bunch of engineers charged with the task of inventing a realistic design, with the same knowledge that Archimedes had in his day. Within a week, the engineers tested their invention and succeeded in capsizing and sinking a model of a Roman ship. Conclusion: the experiment doesn’t prove the Claw’s existence, but it does suggest it was totally possible.

A series of contemporary tests has also been carried out on the idea of the Archimedes Death Ray. One came in 2005, when a group of students from the Massachusetts Institute of Technology did an experiment with a set of mirrors. They lined up 127 one-foot square mirror tiles and focused sun rays on a model wooden ship around one hundred feet away. And, in due course, flames did indeed break out on a section of the ship. Admittedly, in the MIT mock-up, the sky had been cloudless (hardly a problem in ancient Sicily), and the ship had remained stationary for about ten minutes. Conclusion: the Death Ray was a feasible weapon under such conditions.

The MIT group reran their experiment for the MythBusters TV series. This time, they used a wooden fishing boat in San Francisco as the Death Ray target. Once more, charring occurred, along with a small degree of flame. When MythBusters broadcast the program in early 2006, it was noted that, in order to catch fire, wood needs to reach its autoignition temperature of around 570 °F (300 °C). For this reason, the verdict placed on claims for the Archimedes Death Ray was “busted,” as they claimed length of time and ideal weather conditions were needed for combustion to occur. Maybe more convincingly, MythBusters also showed that, since Syracuse faces the sea toward the east, the Roman fleet would have had to attack in the morning for the mirrors to gather enough sunlight to do any fire damage. Perhaps, the program concluded, conventional weapons, such as flaming arrows or the Archimedes catapult, would have been a far easier way of destroying the ships at short distances. One wonders why they didn’t conclude that the Syracusans could have used all these weapons, depending on battle tactics! In 2010, MythBusters again looked at the Death Ray story and concluded that another effect of the mirrors would have been to blind, dazzle, and distract the ships’ crews during the course of the Siege.

That’s just a glimpse of the genius of Archimedes, the man behind the myth mentioned by Sheldon in “The Bachelor Party Corrosion.” Sheldon’s quote is a fitting one, as it speaks volumes of one of the greatest engineer inventors of classical antiquity, and one of the greatest practical mathematicians of all time.





THE THANKSGIVING DECOUPLING: FUN WITH FARMS

In “The Thanksgiving Decoupling,” Season 7, Episode 9, Penny reveals her farming roots.

[image: image]

“Rather than heralding a new era of easy living, the Agricultural Revolution left farmers with lives generally more difficult and less satisfying than those of foragers. Hunter-gatherers spent their time in more stimulating and varied ways, and were less in danger of starvation and disease. The Agricultural Revolution certainly enlarged the sum total of food at the disposal of humankind, but the extra food did not translate into a better diet or more leisure. Rather, it translated into population explosions and pampered elites. The average farmer worked harder than the average forager, and got a worse diet in return. The Agricultural Revolution was history’s biggest fraud.”

—Yuval Noah Harari, Sapiens: A Brief History of Humankind (2011)

From Foraging to Farming

Penny was born on a farm near Omaha, Nebraska. In “The Maternal Capacitance,” Penny tells of how her father, Wyatt, raised her like a boy. This is meant to explain her tomboy nature, her ability to rebuild a tractor engine, and her engagement in many activities, such as sports, to earn her father’s love, thereby gaining the nickname “Slugger” until Penny hit puberty.

In the show’s Season 10 premiere episode, “The Conjugal Conjecture,” Penny’s mother, Susan, seems quite embarrassed by her family’s shortcomings. For starters, there’s the drinking of her husband, Wyatt, and her son’s criminal record. Although she’d met Leonard before, she fears meeting his academic parents, not wanting them to think of her family as white trash due to their humble existence as farming folk, though she seems to have little shame over Penny’s lack of knowledge regarding the physics of cow tipping. And yet, a brief odyssey into the early history of farming would have presented Susan with plenty to be proud of—her family business is part of a long tradition running back over twelve thousand years.

Modern shopping sure is a tremendous convenience. All you need do is saunter down to the supermarket, and presto, shelves full of fruit, veg, meat, and fish. Not only that, but corporate online giants plan to make life even easier, promising a mere thirty-minute turnaround time from mouse click to drone delivery of your sandwiches, sushi, or sex toy. But perhaps Susan would care to imagine what life was like for ancient humans, all those years ago, back in the old Stone Age days of foraging and hunter-gathering.

Foraging was far from convenient. For one thing, you had to hunt and gather all your own food. You had to seek for yourself the riches the planet provided. Prehistoric people had to kill to eat meat, and hunting could be a complex matter. The entire community might be engaged in finding the food that made the difference between survival and extinction, so Stone Age humans made a very important discovery: cooperation and people power made for an easier hunt. Through custom and practice, prehistoric people found power in numbers—the more people involved in the hunt, the better the hunt went. And this was especially true if they planned the hunt. Planning and thinking were more important than sheer force. They hunted mostly mammoths, reindeer, and buffaloes. Hunting must have been highly exciting and a truly significant event for Stone Age humans, as ancient artists made it the main theme for many of their cave paintings.

Meat wasn’t the only thing on the Stone Age menu, of course. Prehistoric peoples, such as Neanderthals and early homo sapiens, would also have foraged for fruit, nuts, seeds, roots, and mushrooms. Early humans were excellent fishermen, too. Nets of animal hide were used to catch fish, and stone hatchets were used to make boats out of tree trunks. In fact, the foraging life is so good, some humans are still in the hunter-gatherer habit. In the summer of 2014, tribesmen living deep in the rainforests of Peru emerged into the “outside world.” They were members of the Mashco-Piro clan, who inhabit remote regions of the Amazon rainforest. In 2013, scholars had estimated there were more than one hundred such tribes around the world, most of them living in the dense forests of South America, Central Africa, and New Guinea.

Sadly for foraging, but good for Susan’s case of gaining kudos for her family business, some humans decided it was time to have fun on farms. To be fair, this may have been because there was something of a crisis in the prehistoric world. The trouble with being successful at hunting is, given the growing numbers of humans, there’s less meat to go around. The animals you prey upon may start falling in numbers, too. Or perhaps the climate takes a turn for the icy, as the Earth did when it had its last ice age, between about 110,000 and 12,000 years ago. In such situations, the animals you hunt might all die, or move to sunnier climates. Your foraging community might die away on the spot.

It’s scenarios such as those above that many scholars believe explain the culture shift from hunting and gathering to farming. The evidence in the archaeology shows this. The world centers of the origin of farming are thought to be the Fertile Crescent, around 10,000 BC; the Yangtze and Yellow River basins, about 7000 BC; the New Guinea Highlands, between 7000 and 4000 BC; Central Mexico, between 3000 and 2000 BC; Northern South America, between 3000 and 2000 BC; sub-Saharan Africa, between 3000 and 2000 BC; and finally eastern North America, as late as 2000 to 1000 BC. By the time Penny’s family had begun farming in Nebraska, humans had been at it for well over twelve thousand years.

So, in a number of different places about the globe, humans began to domesticate plants and animals. This change sounds quite simple, but it’s also believed by scholars to have led to the most important developments in human history, such as writing, society, private property, and mathematics (this last development no doubt came as a disappointment to many but could have represented a tremendous boast for Susan at the wedding, had she done her homework). And all this started around twelve thousand years ago, just after the end of the last ice age maximum.

Fertile Crescent and the Animal Lottery

Susan should know that the area of the Fertile Crescent is of special interest in the history of farming. This crescent-shaped region of southwest Asia proved a particularly suitable site for the Agricultural Revolution, as it’s called. (Indeed, one can easily imagine Susan declaring, “Well of course, our family is in the long tradition of farming that runs back to the Agricultural Revolution, don’t you know.”) Modern-day countries with appreciable land within the Fertile Crescent are Iraq and Iran, Syria and Cyprus, Lebanon and Jordan, Egypt and Palestine, as well as the southeastern fringe of Turkey. Incidentally, the term Fertile Crescent was popularized by the early twentieth-century American archeologist James Henry Breasted. In his 1916 book, Ancient Times, A History of the Early World, Breasted wrote, “This fertile crescent is approximately a semicircle, with the open side toward the south, having the west end at the southeast corner of the Mediterranean, the center directly north of Arabia, and the east end at the north end of the Persian Gulf. It lies like an army facing south. . . . This great semicircle, for lack of a name, may be called the Fertile Crescent.”

“What makes the Crescent so special?” Susan could ask, as she holds forth on the topic. For one thing, ancient civilizations, such as Sumer and Ancient Egypt, flourished in the region due to the inundations from the surrounding rivers of the Tigris, the Euphrates, and the Nile. The area is also geographically key as a “bridge” between Africa and Eurasia. This central position may have led to a greater amount of biodiversity than either Europe or North Africa. The Crescent had many diverse climates, and its variety in elevation has gifted it a number of “founder” crops for early farming, including barley, flax, chick pea, pea, and lentil, with a high percentage of plants that can self-pollinate.

The Mediterranean climate has a long dry season, and a short season of rain. Scholars think this may have favored the small plants with large seeds, like wheat and barley. The variety in elevation of Crescent land also promotes a range of different types of soil within it. And these conditions may have made farming easier for former foragers in the Crescent, compared with other areas with a similar climate.

Susan declares, “While it may be true that no smart-ass ever did a cave painting of a farm, at least farmers didn’t have to graze for nine hours a day, for heaven’s sake, as they did when foraging. But let me tell you about water! Water is needed before you settle a farm.” She then holds forth on how the geography of water worked well for the animals of the Fertile Crescent, too. There are nearly two million species of animals on our planet. And yet only 148 species are suitable for farming. Of those 148, only fourteen have ever been successfully farmed: goats, sheep, pigs, cows, horses, donkeys, Bactrian camels, Arabian camels, water buffalo, llamas, reindeer, yaks, mithuns, and Bali cattle. Only fourteen large animals in twelve thousand years of farming, Susan exclaims! And guess what, of the big fourteen animals, none was from North America, Australia, or sub-Saharan Africa. Even South America had just one: the llama. The other thirteen were all from Asia, North Africa, and Europe. And the big four livestock animals—cows, pigs, sheep, and goats—were all native to the Fertile Crescent. The area that was home to the best-irrigated crops in the world was also home to the best-watered animals. Little wonder it became known as the Fertile Crescent!

Susan decides to press home her point as to why farming in the Crescent was key to the development of farming elsewhere: “Now, any two points of the globe that share the same latitude also share the same length of day, and often share a similar climate and vegetation. Rivers and marshlands were crucial to the rise of civilization in the Crescent, and because there were more great rivers east and west of the Crescent too, where the farm animals and crops could also thrive, there was an explosion of civilization. These places were on the same latitude. They shared the same water access, and the same climate, so farming prospered east toward India, and west toward North Africa and Europe. Wherever there was water, our little old Agricultural Revolution changed the world!”

But wait. A nervous look hits Susan’s face. She’s seen the wicked glint in Sheldon’s gaze. Finally, the penny drops on the vulnerable point of her fun with farming story. Sheldon is no doubt about to say that if the big four livestock animals were used to pull a plough on elevated land in the Crescent, how come Penny knows so little about the tipping of cows, which may be easy on sloping ground but is obviously physically impossible on the level?





THE VENGEANCE FORMULATION AND THE GENETIC LINE

In “The Vengeance Formulation,” Season 3, Episode 9, the friends talk about the propagation of genetic lines.
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The Book of Blood

Putting the three-breasted hooker from Total Recall to one side, “The Vengeance Formulation” episode touches on the topic of human makeup, what’s inside people, and the question of genetic lines. What, deep down and not just on the surface, is the difference between Coopers and Koothrappalis, Wolowitzes, and Hofstadters?

Let’s imagine Sheldon, standing in front of a mirror: what’s his genetic makeup? As a “typical” human, Sheldon’s body is made up of trillions of cells, the basic building blocks of all life on the planet. Cells come in many different types, of course, with each type doing a different job. Inside almost every cell, however, is the nucleus, which contains over 99 percent of your genes. Cells have mitochondria too, which contain a few more genes. Altogether, Sheldon’s body has around 20,000 genes.

Sheldon’s and everyone else’s genes are a small part of a chemical we call DNA. If you strung out the DNA of just one cell from Sheldon’s body, it would stretch, end to end, to about two meters long. And if you strung out the DNA from every cell in his body, end to end, it would reach from here to the Moon and back, three thousand times over. It’s clearly a place where a lot of chemical information can be stored. And the chemical language in which DNA is written we call the genetic code. The number and order of the chemical codes decide, for example, whether you are a banana, a chimpanzee, a cow, or Halle Berry. Most genes are recipes for making particular proteins, and these recipes are passed down through generations to make up the great variety of humans on Earth, Sheldon included.

When our bodies make new cells, very few mistakes are made. Once in a while, however, glitches happen. These glitches are mutations, and we all have them. When they occur, they’re passed down to the next generation. Inherited mutations are known as markers and are passed on along with the rest of the recipe of life. These markers turn out to be very handy, as scholars can use them to tell the tale of the Earth in human blood and bone. The markers become a type of time machine and enable us to find out about our ancestors. The blood yields the genetic code, and the bones act as an archaeological check on the time machine data. (By the way, the glitches don’t happen that often. Imagine Raj is copying out the longest possible book on astrophysics. And imagine he’s copying it by hand. The book is so long, Raj is working through the night with copious amounts of coffee in hand. Even though he’s very careful, and paying lots of attention, especially to those complex algebraic equations, once in a while he makes a spelling mistake. Same thing occurs to our DNA as it’s passed down through the generations. It’s how those infrequent markers occur.)

So, gene markers can act as a type of time machine. Using those markers, geneticists can look back into human history by using human blood. For blood carries its own history, and all humans are carrying pretty unique chapters in their veins. And that chapter will read differently for a Cooper or a Koothrappali, a Wolowitz or a Hofstadter.

Genetics scholars have learned how to read the time machine data in our genes. And they’re collecting more and more blood samples from people all around the planet. It’s on this basis, mainly, that they’ve come to the conclusion that all people alive today are related by blood, in one big human family of planet Earth. At the moment, the prevailing theory is that, not that long ago, there were only about 2,000 humans, living in a single continent: Africa. A small group of early humans left on a long journey. Sheldon and Leonard, and Raj and Howard, are among their children. But the incredible journeys different peoples took to populate the Earth is one of the most fascinating stories in human history.

Out of Africa

Though there are competing theories about the place of human origin, the current consensus is that Africa is the birthplace of everyone alive. Geneticists say that a DNA marker can be traced back, through the blood of different peoples, to the where and when that this marker was first found: Africa. For many thousands of years, homo sapiens lived throughout the African continent. About 60,000 years ago, they had started their steady journey out of Africa. Based on the speed with which today’s hunter-gatherer groups move, an average of less than a mile a year, our ancestors must have made slow progress, moving to new habitats and becoming isolated from other groups. And so the trend in human diversity began.

It’s incredible to think that evidence in the genes shows that the human population around 70,000 years ago had crashed to around 2,000 individuals. We nearly went extinct! But, hanging on by our Stone Age fingernails and even though the ice age must have made hunting pretty hard work, a small group of humans finally ended up in Australia. These intrepid travelers, and their descendants, took a beach-combing route along the coast of southern Asia. By 45,000 years ago, humans were living in parts of Australia. It’s in the blood, and it’s also in the bones. Archaeological evidence supports the idea that Aboriginal Australians have been on the continent for that long. They made campfires, which can still be detected, and they made their mark in cave art.

So, Australia was route one out of Africa. The descendants of the second route would become Asians, Europeans, and Native Americans. In short, everyone else on the planet. Geneticists believe they’ve found a marker in the genes of Chinese; Russians; Native Americans; Europeans, such as Coopers, Wolowitzes; and Hofstadters; and most Indians, such as the Koothrappalis. Incredibly, all these peoples share a marker inherited from a single male human in the distant past. He was in the second band of travelers to strike out of Africa. And they took an alternative route: to the Middle East.

This second small group of humans set out on a trek through the Middle East and into southern Central Asia. From locations there, humans were able to later journey to destinations in Asia, Europe, and beyond. One band made a journey into India. This bunch did so well that their numbers swelled, almost drowning all traces of the earlier coastal migration to Australia. So, humans got to India and Australia before they got to Europe.

Coming to America

Next stop on our round-the-world-to-America journey is Europe. Humans are thought to have first arrived to Europe around 45,000 years ago. At the time, Europe was a cold and icy place, so to help survive, their skin grew paler as a way to absorb more light. Coastal peoples, to the south of Europe, stayed a little darker-skinned, as they got plenty of vitamin D from seafood and fish. The ice age cut off the Europeans from the rest of the world for thousands of years. During this isolation, Europeans are thoughts to have grown in average height and developed a distinctive nose shape.

Population geneticists, the scholars who study the genetic differences within and among peoples, have recently made some new discoveries. Some now think there may have been three waves of European journeys, not just the one. Wave one was the hunter-gatherer people of 45,000 years ago we mentioned above, out of Africa but late of the Middle East, and whose ultimate destination was Europe. Wave two may have been early farmers, who journeyed into Europe about only 9,000 years ago and mixed in with the Europeans already living there. And wave three came from Central Asia. These people were the original humans who tamed the horse, and they’ve contributed DNA to a wide range of modern humans, including Native Americans.

The last leg of the journey finally takes us to the Americas. This final journey started in Asia and ended up peopling North and South America, from the Inuit to the Incas. The general consensus is that the ancestors of the Americans crossed from Siberia into Alaska. As the ice age sea levels dropped, a new landmass, named Beringia, rose up from beneath the Bering Sea. This new land provided a path from the Russian east coast into Alaska. And once the ice began to thaw, human explorers trekked down from Alaska, down a corridor east of the Rocky Mountains. Ice gave way to rolling prairies. Before them was a New World, an empty continent, with lots of roaming buffalo and mammoths.

This was not the journey of later Americans such as the Coopers, Koothrappalis, Wolowitzes, and Hofstadters, of course. That came later, when the US experienced major waves of immigration during the Colonial Era, the first part of the nineteenth century, and from the 1880s to 1920. And yet it was the journey of the First Americans. A journey that had begun in Africa, divided in Asia, and finally reached the last corner of the Earth, the last continent. Another group of humans had found a new home. Some scholars believe that gene markers show the first group to get to Alaska may have been as small as ten or twenty humans, but within 1,000 years, there were humans living in both North and South America. And what a journey: they’d survived drought, famine, and an ice age to get there.

So, even an off-hand remark during “The Vengeance Formulation” on the question of human makeup can have surprising answers, for Coopers, Koothrappalis, Wolowitzes, and Hofstadters all ultimately began as a small group of tropical Africans. They faced up to the challenges of survival and went on a series of incredible earthly journeys. It took them only 35,000 years to make the journey from Africa all the way to the New World. They’re members of one big family, separated by only 2,000 generations.





MACHINE

The machine world too lurks behind the scripts of The Big Bang Theory. It’s not just Howard, the show’s engineer, and Leonard, the show’s experimental physicist, who mess with machines. After all, if historians in the future were asked to characterize this age of ours by any single expression, they’d probably call it the Early Machine Age. Since the Industrial Revolution, machines have encroached upon all aspects of modern life.

And yet this machine world of ours raises interesting questions about how we deal with each bright new technology that appears on the horizon. How do we create devices without sacrificing some of what it means to be human? When will humans and machines achieve a symbiosis so that they become a new form of life? Is technology neutral, or can some machines truly be described as evil? And is Sheldon an evil robot?

So, in this next section, you’ll find a machine mash-up. Mixed in with “big picture” ideas such as rockets and robots is a fascinating Big Bang Theory take on the machine. In “The Fuzzyboots Corollary,” the hidden history of automata is uncovered, while rockets take the stage in “The Porkchop Indeterminacy.” Not truly knowing whether it belongs here, or in the previous section of this book, “The Nerdvana Annihilation”’s narrative on the famous time machine sits as a supreme example of a machine of the imagination.

For other Big Bang Theory episodes, we again adopt a more playful approach to the idea of what we might mean by “machine.” Galileo’s telescope as machine crops up in “The Cooper-Hofstadter Polarization,” while the spectroscope and the joys of atomic spectroscopy feature in “The Mystery Date Observation.” In “The Big Bear Precipitation,” we consider the discovery of fire as an important engine of human evolution, and in “The Love Spell Potential” we look at the biggest bangs in Earth’s history: a collection of stunning eruptions from that terrestrial magma machine, the volcano.

Finally, the machines of the future get an airing in “The 2003 Approximation.” We look at the prospect of “filk music,” that rarely told tale of rock music, machines, and sci-fi, which reminds us that machines now allow us to almost instantly communicate with the world, to live a life without having to talk to anyone at all, and to influence science and culture in a society in which we could say the machine is master of all.





THE FUZZY BOOTS COROLLARY: SHELDON AND AUTOMATA

In “The Fuzzy Boots Corollary,” Season 1, Episode 3, Sheldon is compared to a robot.
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Robot: “A machine that operates on its own without the need for human control, or a person who acts like a machine, without thinking or feeling.”

—Cambridge Dictionary (2018)

“Thetis found Hephaestus hard at work and sweating as he bustled about at the bellows in his forge. He was making a set of twenty tripods to stand round the walls of his well-built hall. He had fitted golden wheels to all their feet so that they could run off to a meeting of the gods and return home again, all self-propelled—an amazing sight.”

—Homer, Iliad (eighth century BC)

“Waiting-women hurried along to help their master. They were made of gold, but looked like real girls and could not only speak and use their limbs but were also endowed with intelligence and had learned their skills from the immortal gods. While they scurried round to support their lord, Hephaestus moved unsteadily to where Thetis was seated.”

—Homer, Iliad (eighth century BC)

Killer Robots in Ancient Greece

In “The Fuzzy Boots Corollary,” Howard and Raj are wondering whether Sheldon is a robot, which he seems more than willing to embrace. When wondering about the history of robots, nerds suffer from historical short-sightedness. Traditionally, their myopic history begins with Karel Čapek’s play R.U.R, written in 1920, in which the word “robot” first appears. Robot is derived from the Czech robota (slave labor), making it clear that Čapek intended his drama to comment on slavery. And yet the cultural history of robots is far older, as the human dream of intelligent machines is over three thousand years old.

The first known tale of automata is to be found in the eighth-century-BC Iliad, the epic poem of the Trojan War by Greek writer Homer. In Homer’s account, Hephaestus, disabled god of metalworking, creates golden handmaidens to help him with his work in the forge: “In them is understanding in their hearts, and in them speech and strength, and they know cunning handiwork.” Hephaestus is also meant to have created the first “killer robot.” Forget HAL in the 1968 movie 2001: A Space Odyssey; Hephaestus constructed Talos, a mechanical bronze colossus featured in the third-century-BC epic Argonautica. Talos patrolled the island shores of ancient Crete, helpfully lobbing boulders at prospective invaders.

These ancient Greek fictions were grounded in fact: contemporary Greek engineers were surprisingly skilled in metalwork and mechanics. Bronze automata had been featured at the ancient Olympic Games two centuries before Argonautica: a leaping dolphin and an eagle in flight helped adorn the ancient Olympic ceremonies. And in his first-century-AD text On Automaton-Making, the Greek engineer Hero of Alexandria detailed a fully automated puppet theater that, through a series of axles, levers, pulleys, wheels, and displaced grain, could enact an entire tragedy.

Hero lived in Hellenistic Egypt, and his writings are absolutely remarkable. His automata designs included everything from machines of war, and machines of architecture and religion, to the first account of a vending machine (without which modern life in the West would have no meaning at all). Hero’s writings highlight the extraordinary capacity of ancient mechanics to impress, to deceive, and to make us wonder where true power is in the world. It was Hero who first conceived of machines that enabled the doors of a temple to open, apparently without any human intervention whatsoever. The temple’s congregation would enter in wonder, and remain in awe, as the temple space was filled with a whole series of moving statues and devices that performed various kinds of dramatic movement.

It’s interesting to speculate what individual members of the temple congregation would think of the automata to which they were witness. Perhaps, like today, it really depends on what kind of people we’re talking about. No doubt the more gullible congregants would have believed the automata to be moving through some kind of supernatural force. But engineers like Hero thought of the automata as a way to teach others about the principles of mechanics and physical forces.

A last example from the days of ancient Greek culture is the story of Archytas, a philosopher born in 428 BC in Tarentum, Magna Graecia (which is now southern Italy), and a colleague of Plato. As well as being a philosopher, Archytas was a mathematician, astronomer, statesman, and strategist. He is well known for inventing what is believed to be the first-ever self-propelled flying device, known as the Flying Pigeon (sure, he could have given the device a sexier name, such as “Dove in Flight,” but this is BC after all, thankfully millennia before marketing departments were dreamt up by the sadistic). All educated Greeks understood that the steam-powered bird of Archytas was not driven by demons but showed the Greek ingenuity for amazing inventions that harnessed natural forces.

No Wonder They Call It the Dark Ages

It seems times have changed little since Homer. As with modern science fiction, the ancient Greek tales reveal similar human dreams, the desire for a perfect servant who obeys every whim, or the super soldier who never tires of warfare. The influence of ancient Greek culture declined over the first centuries AD, of course. And for the millennium of the so-called Dark Ages, the skills of automaton making were lost to the Western imagination. And yet the Byzantine Empire and Arab world preserved some of those mechanical arts.

In 850 AD, for example, the Banu Musa brothers (who lived in what’s now modern-day Iraq) published Book of Ingenious Devices. The book detailed automata such as a water-powered organ, a kind of pipe organ blown by air, whose power source for the pushed air is derived from water from a natural source. It was invented in ancient Greece, but Muslim inventors had refined it into a long-distance hydraulic organ whose haunting pipes could be heard sixty miles away (the account comes from the Arabic Sirr al-asrar, later translated into Latin by thirteenth-century church scholar Roger Bacon). Due to devices such as these, the “otherness” of mechanical simulacra developed in the Western world: automata were seen for some time with a mix of awe and suspicion, associated with the exotic and the idea of an “infidel” East.

But that didn’t stop the church from exploiting them. Medieval Christianity was full of automata. The tightening grip the Christian church had on the great mass of people meant that using extraordinary ways to impress piety on the naive laity became commonplace. Monasteries, churches, sites of pilgrimage: all used forms of mechanical automata. Consider the astronomical clock at the Cathédrale Notre-Dame of Strasbourg. Made between 1352 and 1354, the clock was known as the “Three Kings clock” and boasted a number of automata. Its gilded rooster is thought to be the oldest preserved automaton worldwide. The bird, a metaphor for the passion of Christ, was made of iron, copper, and wood. At noon each day, the rooster flapped its wings, spread its feathers, opened its beak, poked out its tongue, and (by means of bellows and reed) crowed. Also at noon, and in the clock’s top compartment to the sound of a small carillon, the Three Kings bowed before the figure of The Virgin Mary and the Christ Child.

In many other places, automata would have been familiar devices to priests, as well as to a very large proportion of the Christian population. It was common to imagine that crucifixes of Christ, or statues of the Virgin Mary, could not only mechanically move, but miraculously move, as it was said they did in people’s lives. By moving, it was implied that Christian automata might stop the faithful from sinning and also deliver them from demons. There are notably many stories, from the 1200s onward, about monks who, when straying from their pure thoughts onto the topic of women, thankfully encounter statues of the Virgin Mary, who “intervened” by merely moving, stopping the carnal monks in their tracks.

By far the most famous church automaton in Europe during this period was at Boxley in the Maidstone district of Kent, England. The automaton crucifix kept at Boxley Abbey was known as the Rood of Grace. It was a mechanized likeness of Jesus, an ingenious contraption of wires and rods that made the eyes move as if Christ were alive. The Rood was thought to be spiritually inspirational and proved a regular destination for pilgrimages by many of the faithful, including a young Henry VIII.

Automata Renaissance

Indeed, thirteenth-century Europe saw a renaissance in automata. Devices started to appear at royal courts as showpieces created to titillate visitors. In what is now northern France, at Château d’ Hesdin of the Count of Artois, a coterie of mechanized beasts and androids was created. The created automata were designed to interact with guests, scolding them and even drenching them in water. The new devices had a dark side, too. Medieval scholars, such as Roger Bacon and Albertus Magnus, were said to have made bronze heads that could reply to any question—a type of medieval Siri! Encounters with such devices always seemed to end badly with the dismantling of the oracular head, no doubt due in part to human mistrust. In these cautionary tales, you can see the start of the idea, later common in science fiction, of a created robot or AI, whose power goes beyond human control and agency.

Thus, automata saw a technological flowering in the Renaissance. French philosopher René Descartes was reputedly so fond of automata that they motivated his view that living beings were biological machines that function like clockwork. There’s also a strange story about Descartes and automata, which began to spread after his death in 1650. Descartes’s daughter, Francine, died of scarlet fever at the age of five. Legend has it that a devastated Descartes commissioned a clockwork Francine: a walking, talking simulacrum of his daughter. When Descartes was invited to Sweden in 1649 by Queen Christina, the philosopher sailed with the automaton concealed in a casket, but the wary crew forced open the casket, and when the robotic child sat up to greet them, the spooked sailors tossed it overboard.

Over the subsequent centuries, Descartes’s view of living beings as complex machines has inspired generations of automata manufacture, as well as many stories in science fiction, from HAL in 2001, to The Matrix series, which features intelligent machines farming unknowing humans, to the android amusement-park hosts in the Westworld TV series. And yet the persistent tropes of automata have changed little since ancient Greece. We still wish to create clever tools that can do everything we can do, perfect servants, soldiers, and even lovers. But, to fulfil our hopes, we must gift them intellect and agency, minds that may eventually prove superior to ours.





THE PORKCHOP INDETERMINACY AND ROCKET SCIENCE

In “The Porkchop Indeterminacy,” Season 1, Episode 15, Sheldon is humiliated by being called a rocket scientist.
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“We knew that we had created a new means of warfare, and the question as to what nation, to what victorious nation we were willing to entrust this brainchild of ours was a moral decision more than anything else. We wanted to see the world spared another conflict such as Germany had just been through, and we felt that only by surrendering such a weapon to people who are guided by the Bible could such an assurance to the world be best secured.”

—Wernher von Braun, press statement after surrendering to US Forces (May 1945)

“If our intention had been merely to bring back a handful of soil and rocks from the lunar gravel pit and then forget the whole thing, we would certainly be history’s biggest fools. But that is not our intention now—it never will be. What we are seeking in tomorrow’s trip is indeed that key to our future on earth. We are expanding the mind of man. We are extending this God-given brain and these God-given hands to their outermost limits and in so doing all mankind will benefit. All mankind will reap the harvest. . . . What we will have attained when Neil Armstrong steps down upon the moon is a completely new step in the evolution of man.”

—Wernher von Braun, banquet speech on the eve of the Apollo 11 launch (July 1969)

What Lurks behind Sheldon’s Snobbery?

When Sheldon’s attractive sister Missy comes to town in “The Porkchop Indeterminacy,” Sheldon is mortified that she describes him as a rocket scientist. Most people would be rather pleased at such an assumed job title, of course, but Sheldon’s reaction is typical of the response many theoretical physicists would give.

Through many periods in the past, science was separated from technique. Traditionally, what we now call science was meant to be based on solving technical challenges, or easing administrative tasks. But the Greek “scientists” whom Sheldon most admires, we assume, were very theory based, and very much removed from practice and technique. The mathematics and astronomy valued so highly by Sheldon and the Greeks is based on deduction and proof. And the immense prestige of these disciplines rests on scholarly thought, with little concern for the grunt work of observation. For academic snobs such as Sheldon and most ancient Greek aristocratic scholars, hand-workers such as modern rocket scientists are considered inferior to brain-workers or contemplative thinkers. This social class division was greatly reinforced by the association of hand-work with slavery, particularly in Greek society. Free men may choose to practice technique, of course, such as fashioning mere rockets out of constituent parts, but they would be nonetheless degraded by comparison with slaves, and their work described as base or servile. Yet perhaps Sheldon’s revulsion at rocket scientists also has a more modern political dynamic. And maybe Sheldon’s disquiet has the same root as the incredible story about rocket science that led to one of the greatest American movies of the twentieth century.

The atomic bombs dropped on Hiroshima and Nagasaki weren’t the only destructive marvels of practical science developed during the Second World War. In the days and weeks after the surrender of Germany, US troops scoured the blasted European landscape in search of hidden treasure: caches of secretly developed weaponry. They came across aspects of the Nazi war machine that even the top military brass were shocked to see, such as the fact that Hitler was working on a bubonic plague weapon, for Nazi scientists worked on an “impressive” arsenal of other projects, from disease and nerve agents to the dreaded yet coveted V-1 and V-2 rockets. So, when the war came to a close in 1945, the United States decided they needed such weapons for themselves and warmly welcomed many Nazi scientists onto Uncle Sam’s payroll, rather than that of Adolf Hitler.

The secret program to bring in more than 1,600 German scientists, engineers, and technicians after the end of World War II was known as Operation Paperclip. The program belonged to the Joint Intelligence Objectives Agency (JIOA) and was largely carried out by Special Agents of Army CIC. The program ran primarily between 1945 and 1959, taking many Germans into US government employment. Many were former members, and some former leaders, of the Nazi Party.

Naturally, the top ranks of the military did what they could to whitewash the pasts of the so-called “prisoners of peace,” a name chosen by the Nazis themselves. And yet, many had serious problems with skeletons in their closets. Take Wernher von Braun, for example. Old Wernher was not only the brains behind the V-2 rocket program, he also had an intimate knowledge of the atrocities happening in the Nazi concentration camps and personally hand-picked people from places such as the Buchenwald concentration camp, whom he then worked to the bone in the push to build his rockets.

Operation Paperclip was top secret at the time. Hardly surprising, as the devices developed and designed by the program’s recruits terrified and killed many thousands of people throughout Europe, and their government was responsible for many millions of deaths on the battlefield and in the concentration camps. Indeed, the Daily Telegraph reported in 2010 that a 600-page report, written in 2006, detailed how the US Justice Department has tried ever since to keep secret what it calls Washington’s “collaboration with persecutors.” Agents from the Justice Department’s Nazi-hunting Office of Special Investigations (OSI) found that war criminals were knowingly granted entry to the US, even though government officials were aware of their pasts.

The Operation certainly left a questionable legacy, and yet many of those men brought to the US under the program, who were supportive and responsible for the horrors experienced by victims of the Holocaust, were also undoubtedly instrumental in American scientific advancements, such as the Apollo program. But how did this shocking story about Nazi rocket science lead to one of the great US movies of the twentieth century?

Dr. Strangelove

After the Russians had launched the first-ever space satellite in Sputnik, Cold War tensions hit their peak. Amid heated debates on the allegedly widening “missile gap” between the US and the Soviet Union came the Cuban Missile Crisis. For a couple of weeks in October 1962, the two superpowers stood on the brink of war. The rest of the world looked on, horrified and helpless. It was the most dangerous fortnight in human history. With both sides stunned in the aftermath of the crisis, Kennedy initiated the hotline communication that still sits between Washington and Moscow. Mutually assured destruction was a wake-up call for the world. And yet, not for everyone, it seems.

A renegade band of physicists went looking for a quick nuclear fix. The sensible consensus that a nuclear war was inherently unwinnable was illogical to these scientists-turned-strategists. With the cold logic associated with Nazis, the physicists estimated how many lives the US could lose, yet still rebuild. RAND Corporation theorist Herman Kahn was one of those who argued “the unthinkable,” a preemptive nuclear strike against the Soviet Union. To Kahn, it was all play. The strategic academic method for his madness was known as game theory. Kahn’s plan rested upon two highly contentious ideas. First, that nuclear war was likely. Second, that like any other war, it was winnable.

The fragile nature of the Cold War conflict and the doctrine of mutual assured destruction were ripe for satire. In 1964, such satire was raised to an art form by Stanley Kubrick’s dark comic masterpiece, Dr. Strangelove (subtitled or: How I Learned to Stop Worrying and Love the Bomb). The world premiere was scheduled for late 1963 but delayed until January 1964 in light of the assassination of John F. Kennedy. The Cuban Missile Crisis was still fresh in the public psyche, but it was the movie’s undoubted brilliance that led to its huge impact.

Dr. Strangelove won four Academy Award nominations, including best picture, director, and screenplay for Kubrick, and best actor for Peter Sellers. Famous American film critic Roger Ebert suggested that Strangelove remains the best political satire of the century. The film was listed at number twenty-six on the American Film Institute’s 100 Years, 100 Movies and at number three on the AFI’s 100 Years, 100 Laughs. After all, what could be more absurd than the very idea of two megapowers willing to wipe out all human life on the planet?

Kubrick had waged cinematic war once before. His 1957 humanitarian classic, Paths of Glory, was an antiwar movie. Staged on the Great War battlefields of France, it featured clashes between rulers and the ruled. Kubrick was now rapt by the notion of nuclear blunder. He felt personally vulnerable.

His motivation was the 1958 Cold War thriller Red Alert by Welsh author Peter George. The book was a grim warning. Its caveat was the absurd ease with which nuclear apocalypse may be accidentally triggered. Red Alert was serious melodrama, and George a rather somber ex-RAF navigator who had recently joined the Campaign for Nuclear Disarmament. Kubrick viewed George’s idea of chance catastrophe as too farcical for drama. It was a killing joke. In Kubrick’s words, “How the hell could the president ever tell the Russian Premier to shoot down American planes? Good Lord, it sounds ridiculous.”

So Red Alert repeated itself, first as tragedy, second as farce. Dr. Strangelove was born. The story became a high-powered political lampoon. The movie has three basic backdrops: an airbase, the cockpit of a B-52, and a War Room beneath the Pentagon. The grotesque cartoon characters that inhabit these settings become more frenzied as the crisis spirals. Jack D. Ripper is the rabidly paranoid and maverick Strategic Air Command General at the airbase who believes the communists have fluoridated the US water supply to make him impotent. He orders an attack on the Soviets that cannot be recalled. Air Force Major “King” Kong is the cowboy captain of the rogue B-52 bomber, the lone plane that gets through Soviet defenses. General Buck Turgidson, a strategic bombing enthusiast, and the bald President Merkin Muffley are among the grotesques who desperately try to salvage peace in the claustrophobic War Room. Then, of course, there is Strangelove himself.

A Strange Love Revealed

Strangelove is a black comic amalgam of sinister science. He is one part Herman Kahn, one part Wernher von Braun, and one part Edward Teller. Kubrick had met Kahn and became engrossed in Kahn’s controversial book On Thermonuclear War, in which Kahn proposed the “logical” notion of winnable nuclear warfare. Kahn gave Kubrick the idea for a fictional Doomsday Machine, capable of wiping out the entire planet in the event of a nuclear attack. Wernher von Braun gave Strangelove that Teutonic touch. Peter George’s novel of the screenplay refers to Strangelove’s black-gloved hand, which was a memento of his time “working on the German V-2 rocket.”

Edward Teller was a true-life Strangelove. Father of the superbomb, and the classic scientist-turned-strategist, Teller was the apocalyptic nuclear “sage” of the Cold War. He was infamously obsessed with security. He was the only member of the scientific community to smear Oppenheimer as a security risk during Oppenheimer’s trial. Teller’s harebrained solutions invariably used hydrogen fusion weapons, and he held extreme opinions on the Red Menace of the Soviets. Teller even had a disability. His lower leg was severed in a Munich tram accident in his youth, requiring him to wear a prosthetic foot, leaving him with a lifelong limp.

Dr. Strangelove is one of the most influential archetypes of the scientist in cinema. He is mad, in the tradition of Victor Frankenstein; he is prosthetic, implying machine-like inhumanity; and he is corporate, detached from any personal responsibility through the collective cover of the “Bland Corporation,” an obvious reference to Kahn’s position at the RAND Corporation. His black-gloved arm is a living legacy of Operation Paperclip. It forever threatens to expose Strangelove’s mania for destruction, jerking into a “Sieg Heil” at the president with erratic and embarrassing zeal. As Peter Sellers put it, “the arm hated the rest of the body for having made a compromise—that arm was a Nazi.”

In the movie, Strangelove first enters the fray from the shadows. Kubrick’s parody reminds us of the Nazi past behind rocket science, as well as the scheming malevolence of Teller, and the unrelenting rationality behind Kahn’s military strategy. Cold, calculated reason ultimately ends in holocaust. As the president utters the illustrious line to the bickering General Turgidson and the Russian Ambassador, “Gentlemen, you can’t fight in here. This is the War Room,” Strangelove prepares to deliver his master plan. With unerring logic, he talks of preserving a “nucleus of carefully selected specimens” of the human race at the bottom of America’s deeper mineshafts for a hundred years: “After all, the conditions would be far superior to those of the so-called concentration camps, where there is ample evidence most of the wretched creatures clung desperately to life.”

When a disbelieving president, the only wise man in the Pentagon in those bygone days, questions the immensity of the task, Strangelove’s plan is unveiled. Strangelove says, “It would not be difficult, Mein Führer. Nuclear reactors could—I’m sorry, Mr. President—nuclear reactors could provide power almost indefinitely; greenhouses could maintain plant life; animals could be bred and slaughtered . . .” To which the liberal and considerate president understandably replies, “I would hate to have to decide who stays up and who goes down.” But Strangelove was unrepentant: “That would not be necessary, Mr. President; it could easily be accomplished with a computer; and the computer could be set and programmed to accept factors from youth, health, sexual fertility, intelligence, and a cross-section of necessary skills. Of course, it would be absolutely vital that our top government and military men be included, to foster and impart the required principles of leadership and tradition . . .” And on this technocratic thought, Strangelove’s spastic Nazi arm thrusts into another “Sieg Heil.”

The master plan of Strangelove is that of Nazi scientist-as-god, recolonizing the Earth in his own image. The Third Reich is taken to its farcical and fascist conclusion. Strangelove draws prodigious strength from the holocaust raging outside the War Room. As Major “King” Kong rides his nuclear charge like a phallic rodeo mount, and the mushrooming orgasm of global apocalypse begins, Strangelove rises out of his wheelchair and yells “Mein Führer—I can walk!” This outrageous parody of an erection reveals the motive for the movie’s title—the scientist’s strange erotic love of mass destruction.





THE NERDVANA ANNIHILATION AND TIME MACHINES

In “The Nerdvana Annihilation,” Season 1, Episode 14, the friends buy a time machine.
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Time-Share Time Machine

Imagine being in Leonard’s position. On an Internet auction, you accidentally, with your friends along as witness, buy a full-size prop of the time machine from the original 1960 movie The Time Machine. Admittedly, at first you thought such a famous piece would sell for thousands. You didn’t dream that your $800 bid would ever meet with success. Indeed, you may not even have $800 to waste on such a venture, but Sheldon, Raj, and Howard each contribute $200, with a view to make it a “time-share time machine” and go for joint ownership. And yet, when the time machine arrives, you realize it truly is a full-blown prop, and you’re faced with the struggle of hoisting its bulk several floors without the aid of an elevator.

Now, Penny may have wittily described your new toy as looking like “something Elton John would drive through the Everglades,” but this truly is a collector’s piece. When MGM designed the prop for the 1960 movie of H. G. Wells’s famous story, they created a steampunk dream. Designed by director George Pal and MGM art director William Ferrari, the pair plumped for the look of a horse-drawn sled, inspired by winter sled rides of Pal’s boyhood. The machine was made with a traditional barber’s chair, which Pal picked, as it was reminiscent of the kind of pilot’s seat a time traveler might need. Pal produced what many believe to be the best and most elegant time travel contraption: all brass, glass, and dials. With its red leather padded seat, it is exactly the kind of beast you imagine a Victorian time-traveling gent would “drive.”

And yet there’s a huge hitch in all this. Sadly, George Pal’s wonderful steampunk erection, built by designer Wah Chang, was destroyed in a fire at Pal’s Bel-Air house in November 1961. In short, the time sled no longer exists. Sure, you could always try recreating the steampunk stunner, as they clearly did for “The Nerdvana Annihilation,” but what other time machine picks might be on the market to decorate your nerdy apartment, and show off your inner geek? Let’s consider a few iconic options from the brief history of time machines.

Time Machine Pickers

Talk of iconic time machines must surely mean, first and foremost, the TARDIS. Named after the less than catchy title of Time and Relative Dimension in Space, this time machine from Doctor Who is a fairly faithful fit of the police telephone boxes that were seen on the streets of Britain in the early sixties. Some other facts that might impress nerdy visitors to your apartment: the police box design is trademarked by the BBC, despite the fact that the design was originally created by the London Metropolitan Police. The word TARDIS also appears in the Oxford English Dictionary. Given that the iconic TARDIS has been seen in marketing pitches by Apple and Google, among many others, your friends surely couldn’t help but be impressed. A word of warning, however. This police box is about nine feet tall, and maybe three and a half feet wide and deep. You’ll need a pretty big apartment to squeeze in this kind of decorative talking piece.

If the TARDIS proves tricky in terms of apartment living space, you could always plump for the Phone Booth as your pick. Clearly based on the TARDIS itself, the Phone Booth hails from the comic time-traveling 1988 movie Bill and Ted’s Excellent Adventure. While the Phone Booth doesn’t have the sheer quirkiness of the TARDIS, and can’t match the TARDIS boast of having traveled over 100 trillion years from before the Big Bang to the edge of time itself, the Phone Booth does have the cool catchphrase “Gentlemen, we’re history,” as well as associated sequels, animations, video games, and even theme park rides. Hell, if you could make the Phone Booth airtight, you could even turn it into an aquarium, which Sheldon would surely approve of. Visitors to your apartment could be reminded that, like the TARDIS, your Phone Booth is part of a rich science fiction history of time machines. It’s a history that goes back to an 1887 story, El Anacronópete, by Spanish diplomat Enrique Gaspar. Featuring a time machine as an elaborate and hermetically sealed ark, Gaspar’s story started the early craze for time travel rich in clocks, watches, and lush furniture, but low on the actual mechanics of time travel physics, naturally.

If even the Phone Booth pick still proves too bulky for your living space, you could consider a time machine replica that’s a little more compact and bijou. Enter the Outlandish Watch, one of the very first temporal gadgets. It was invented by Charles Dodgson, better known to the world as Lewis Carroll, renowned children’s and fantasy author most famous for his Alice’s Adventures in Wonderland. Dodgson’s tiny time machine appeared in the 1889 story Sylvie and Bruno, which he wrote under the name of Carroll. The watch has two modes, both easily recreated, at least in spirit. If the reverse peg was pushed, then “events of the next hour happen in reverse order.” The other mode involved the watch’s hands. They could be moved backward, as much as a month, enabling the wearer of the watch to travel into the past. Your replica could either be wall-mounted, along with Alice in Wonderland signs declaring “Wind Me!” or “Push Me!” or else worn as a kind of Victorian steampunk time device, a nineteenth-century wearable tech. And if all this sounds a little too quaint and English for your American visitors, you could lighten their load by telling them the first time-piece time-travel device was invented by US newspaperman and author Edward Page Mitchell, in his 1881 story, The Clock That Went Backward.

Many other time machine picks are simply too impractical for normal living spaces. For example, the projector-collector contraption from the 1995 movie Twelve Monkeys enabled Bruce Willis to be pinged back in time to trace the outbreak of a deadly virus. Even if we ignore the entire Gothic laboratory in which the time capsule sits, and focus on the diaphanous tube in which Willis is sent, naked, through the fabric of space-time, we’re still talking about something the size of a cylindrical and horizontal glass TARDIS. Something similar goes for the time machine from the 2012 movie Looper. It looks a lot like a space capsule with a bunch of spaghetti wiring, and two huge batteries fixed to the door. Leaving aside the physics of how such a thing might actually achieve time travel, it may inspire visitors, but again at a cost to losing living space. Even worse, potential pick time machines, such as the Time Displacement Sphere from the trilogy of Terminator movies and the Accelerating Chamber from the alternative history TV series The Quantum Leap, simply defy description, as the production team seem to have lost their nerve on deciding what a time machine might look like!

And that leaves us with the final pick: the coolest time-traveling car in the history of science fiction. Sure, there have been other cool and collectable sci-fi vehicles: The Tumbler Batmobile from Christopher Nolan’s Batman trilogy, Anakin’s pod racer, the Flying Taxicab from Luc Besson’s The Fifth Element, the Police Spinner from the original Blade Runner movie, or even the Lexus 2054 from The Minority Report. But none compares with the De Lorean DMC-12 from the Back to the Future movies. Visitors would surely be astounded that the slickest of all sci-fi vehicles started off in a car factory in 1980s Belfast. Yes, Northern Ireland was the place of origin for Doc Emmett Brown’s legendary nuclear-powered time machine. And not only is the De Lorean one of the ultimate sci-fi cars, but as there are still around 6500 DMC-12s in existence, it’s actually possible to go out and get one! You might even travel through time if you could ever work out how the “flux capacitor” works, or managed the necessary 2.1GigaWatts of energy at 88mph. The good Doc might have been right when he said, “If you’re gonna build a time machine into a car, why not do it with some style?” but one thing’s become clear in all of this picking history we’ve pondered: you’re going to need a bigger apartment.





THE COOPER-HOFSTADTER GALILEO-POPE POLARIZATION

In “The Cooper-Hofstadter Polarization,” Season 1, Episode 9, Sheldon says Galileo and the Pope had a little misunderstanding.
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“[Galileo’s] . . . is a tale of . . . [revolution]. It is a story of history and adventure, science and invention, sex and absurdity, slavery and lunacy, murder and alchemy. A chronicle that sweeps continents and centuries, upending kings and cosmologies, religious dogma and the dark age of faith . . . [with] a weapon of discovery, Galileo . . . helped prise open an alien universe, inhospitable to God and man alike.”

—Mark Brake, Revolutions in Science: How Galileo and Darwin Changed Our World (2009)

Seeing Machine

When Sheldon compared that Cooper-Hofstadter polarization with the feud between Galileo and the Pope, he was, naturally, exaggerating. Admittedly, the spat between Sheldon and Leonard, about presenting their work at a physics conference, was important at the time, but pretty much peanuts compared to what was, probably, the biggest-ever split between science and the Church. You can judge for yourself. Here’s how that earlier polarization went.

One of history’s most controversial machines was the telescope. These days, we’re all pretty much familiar with the telescope. That cylinder-shaped device, which makes faraway objects look closer and larger. Telescopes work either through the use of a combination of lenses, or curved mirrors. The early telescope caused a huge stir in European society back in the early 1600s in the hands of Galileo Galilei, the famous Italian astronomer.

Now, the technology that made up the telescope had long been familiar to educated humans. Ancient civilizations had known about the curious lens effect produced by transparent crystals, jewels, or glass spheres full of water. Indeed, the magnifying effects had always been something of a fascination. Yet, a brief and potted history of the telescope shows how important the social relationship is between theory and technique.

Sure, scholars knew all about the theory of optics. In the texts of ancient Greek and medieval Arab scholars, it’s clear that such a theory was in existence. The lens technology to magnify had also been available, with Florentine Salvino D’Armate credited with inventing the first wearable eyeglasses around 1284. No doubt there would also have been plenty of demand for a telescope from medieval warmongers. After all, with such a spyglass, you could see the enemy approaching, way off in the distance. Theory was never married to practice, however, and no one had bothered to invent an optical machine based on the theory. It’s as though the theory came too soon, and so history had to wait for the invention of the telescope.

This time lag between theory and application can be explained in two related ways. First, a social explanation. It’s very unusual in most of history for scholars and craftsmen to work together, given their difference in social class. In The Big Bang Theory, we often see Leonard or Howard working in the lab. But this was surely not the case with the ancient Greeks, who considered the labor of the mind superior to the labor of the hand. Such hand labor was thought to be “servile,” to be carried out by servants! And since most brainwork was done by aristocrats, working with your hands was pretty low on the social totem pole. This situation prevailed until the European Renaissance, when there was suddenly a squeezing together of the social classes, and a new collaboration between the work of the mind and the work of the hand. The second explanation is associated with that old adage “a little knowledge is a dangerous thing.” Ancient or medieval observations made through transparent crystals, glass spheres, or jewels don’t just show things bigger, or better. They also deceive. To the more superstitious mind, a mind not married to rational theory, such optical illusions can make one wary. Sight is the most paradoxical of senses. It’s at once the most reliable, and yet the most deluding. Without theory, perhaps you can’t really trust what you see.

It’ll come as no surprise that Italian supremo Leonardo da Vinci had reflected on the possibility of a telescope. In his notebooks, written between 1508 and 1510, Leonardo had written, “It is possible to find means by which the eye shall not see remote objects as much diminished as in natural perspective.” And in another, “The further you place eyeglasses from the eye, the larger the objects appear in them . . . and if the eye sees two equal objects in comparison, one outside of the glass and the other within the field, the one in the glass will seem large and the other small.”

In the end, it was mere children who took the momentous step of putting theory into practice. Legend has it that a couple of kids playing with lenses first gazed through one lens at another in a shop window, around the year 1600. Curiously, the blend of lenses made things outside the shop seem closer. Child’s play. The shop had belonged to a Dutch spectacle maker by the name of Hans Lippershey. Today, the invention of the scope is attributed to Lippershey and two other independent Dutch spectacle makers: Jacob Metius of Alkmaar and Zacharias Janssen from Middelburg.

So, the earliest-known working telescopes were lens-based spyglasses that materialized in the Netherlands around 1608. The very fact that no scientist was needed to invent the telescope is worthy of note. The device was long overdue, and the means of making a spyglass had probably been present for at least three hundred years. Only with the sheer volume of lens manufacture, through the increased wealth of the sixteenth century, was the discovery brought about by chance.

In the Red Corner: Galileo

Though Galileo did not invent the “optick tube,” or the “far-seer” as the telescope was sometimes called, he was nonetheless the one who wielded what became the Renaissance’s main weapon of discovery. Galileo’s use of the scope was to signal the true offensive on the feudal order of the old universe. By the end of the same century, the Earth-centered universe of Aristotle and the Church had crumbled before the world machine of Newton. And as Newton himself later admitted, his vision was made all the more cloudless by the gigantic contribution of Galileo.

So, what exactly did Galileo do with the telescope? First, he built his own spyglass. In great contrast to the ancients, those degraded by servile labor, Galileo had no qualms about combining the work of the mind with the work of the hand. Such was the revolutionary effect of the Renaissance, where scholars and craftsmen worked together. Not only that, but Galileo built a better scope. The “Dutch perspective glass” was only capable of three times magnification. The power of Galileo’s first prototype was a full three times greater magnification again. Next, Galileo turned his spyglass to the heavens.

By March 1610, Galileo was ready to mercilessly ridicule the cosmology of the Church. His revolutionary discoveries with the spyglass were hurled like an incendiary device into the arena of a dull academic world. The evidence was laid out in the shape of a brief but magnificent flyer, the momentous and now legendary book Sidereus Nuncius (The Starry Messenger).

The book, a mere twenty-four pages long, was radical in all regards. Not only did it tell of discoveries “which no mortal had seen before,” but it was also written in a terse new style, which no scholar had used before. The first print run was of 550 copies, sent out to key figures in the universities of Italy, as well as to booksellers in every major city. It was a revolution in the communication of science. The result was culture shock, with The Starry Messenger creating the dramatic effect for which it was designed, arousing immediate and passionate controversy.

A new universe was unveiled by Galileo and the telescope. Earth-like mountains and craters on an imperfect Moon. Impure spots on the Sun. Four moons in orbit around Jupiter, a focus of gravitation other than the Earth. Countless stars that could only be seen with the aid of a spyglass. So much for the Church’s claim about the perfection and immutability of the heavens.

Galileo had provided proof of what Copernicus had controversially said, a little over half a century before. The Church taught that the Earth was at the center of the universe. But Copernicus, and now Galileo and his telescope, placed the Sun at the center of our planetary system, heretically downgrading the position of the Earth to that of mere planet. So, Galileo set in train a revolution. A new physics was born, and a new mantra: if the Earth is a planet, then the planets may be Earths; if the Earth is not central, then neither is humanity.

In the Blue Corner: The Church

No wonder the Church was worried. Their rule of law had a stranglehold on medieval society, from top to bottom. Atop the chain of command was the monarch, who enjoyed rather draconian powers of punishment. Next came nobles, high clerics, and gentlemen, in that exact order. Further down were the bourgeoisie, that fast-rising class of wealthier merchants who would soon help transform the entire system. Then came small farmers, known as yeomen, and finally artisans and common laborers.

This social system was so exacting in its measures that it dictated what each person was allowed to eat and wear. The amount you were allowed to eat depended on status. A cardinal was permitted nine dishes at mealtime, while those earning less than forty pounds a year, the great majority of people, were allowed only two courses, and soup. Anyone found scoffing meat at Lent could be sent to jail for three months!

A measure of great legal restraint was also used to dictate who could wear what. These so-called sumptuary laws allowed a person with an income of twenty pounds a year to dress in a satin doublet, but not a satin gown. Meanwhile, someone lucky enough to be bringing in an income of a hundred pounds a year could wear all the satin they wished. The number of other restrictions on the amount of fabric one could wear, and the ways of wearing them, were almost beyond measure.

This was a world of limited horizons, and limited imagination. Reasonable, educated men and women thought in nonsensical ways, and the period is rich with examples of the “common-sense” Church-view of the time. In 1458, a pig was hanged for murder in Burgundy. In 1602, the French judge Henri Boguet declared an apple possessed by demons. And a few years later, Italian Jesuits tried to calculate the physical dimensions of hell. All witness to an imagination involving only worldly matters and the divine. If the common people were to see Galileo’s liberated use of the telescope, they might ask the telescope be turned upon those in power, and their entire system, which was rigid, static, and shrink-wrapped against the horrors of change.

On the evenings of April 24 and 25, 1610, a memorable party was held to celebrate Galileo’s recent discoveries. The great man was invited to demonstrate the Jupiter moons in the spyglass. Not one among the eminent guests was convinced of their existence. The crude nature of the mysterious gadget didn’t help, but many were blinded by prejudice. They refused to look down the telescope tube!

In the Church’s two-tier cosmos, only the Earth was subject to the horrors of change, death, and decay. Beyond the Earth, the celestial sphere was meant to be immutable and perfect. And yet through the telescope, the picture is different. The Moon is pock-marked and irregular, far from crystalline and perfect. As to the Church’s claims that the Earth is unique, the telescope shows that the Moon has Earth-like mountains, valleys, and hollows. Even worse, anyone with enough ready cash could pop out to the local spectacle maker, pick up a spyglass, and see the surface of the Moon with their own eyes.

Serious questions were immediately lit in the nervous system of the Church. If the magnificent splendor of their God-given universe was made especially for Man’s delight, why is it only through a machine, such as the spyglass, that Man can justly savor its intricate parts, and begin to know its true nature?

The Church rightly feared the spread of this virus of open thought. They feared that the very idea of an open cosmos, one in which the Earth was a mere atom, was contagious. It was bound to corrupt the old and decrepit cosmos, divinely made and maintained in motion. With this concept of a fresh and open universe would grow another germ of an idea: the new learning and the voyages of discovery of the age had led to new worlds on Earth, such as the Americas; might there not also be new worlds in the sky? Doubt would be everywhere.

Finally, the axe of the Church fell. The Holy Office had Galileo and the new astronomy in its sights. Anything written by Galileo, or anything he might write in the future, was banned. Not even a scholar of the status of Galileo was to mock the teachings of the Church. Galileo was put under house arrest in Florence for the rest of his days. Yet it was too late. Galileo’s word was out. The revolution had only just begun.





THE MYSTERY DATE OBSERVATION, REVISITED: THE JOYS OF ATOMIC SPECTROSCOPY

In “The Mystery Date Observation,” Season 9, Episode 8, Sheldon suggests eligible women must admire atomic spectroscopy.
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“. . . and so recent are our best contrivances, that use has not dulled our joy and pride in them; and we pity our fathers for dying before steam and galvanism, sulphuric ether and ocean telegraphs, photograph and spectroscope arrived, as cheated out of half their human estate.”

—Ralph Waldo Emerson, Works (1883)

“In the heavens we discover [by spectroscopy] by their light, and by their light alone stars so distant from each other that no material thing can have ever have passed from one to another and yet this light, which is to us the sole evidence of the existence of these distant worlds, tell us also that each of them is built of molecules of the same kind as those which we find on earth. A molecule of hydrogen, for example, whether in Sirius or in Arcturus, executes its vibrations in precisely the same time. Each molecule therefore throughout the universe bears impressed upon it the stamp of a metric system as distinctly as does the metre of the Archives at Paris, or the royal cubit of the Temple of Karnac.”

—James Clerk Maxwell, in Van Nostrand’s Eclectic Engineering Magazine, Volume 9, D. Van Nostrand (1873)

The Dark Side of the Moon

The eighth studio album of British rock band Pink Floyd was released in 1973. The Dark Side of the Moon became not just one of the bestselling albums globally, remaining in the charts for 741 weeks between 1973 and 1988, it also made Floyd the biggest band in the world. Exploring themes of human conflict, greed, and the passage of time, the album’s cover became iconic. Its black gatefold presentation famously depicted glass prisms dispersing white light into a spectrum of color.

Over three hundred years earlier, British physicist Isaac Newton had made a similar spectrum. Newton had effectively made a private rainbow in a dark room. With no drapes back in those days, he’d made a small hole in a shutter that let in a single sunbeam. In its path, Newton placed a prism, which bent the sunbeam through a series of angles, at once displaying the familiar colors of the spectrum on the wall of Newton’s room. Newton wasn’t the first to make a rainbow with a prism, but he was the first to use it to demonstrate that white light is a mixture of different colors. Others before him had thought a prism changed the very nature of light. But Newton settled the debate with a second experiment. To the first prism he added a second. The color spectrum that had been fanned out by the first prism was now recombined by the second. The sunbeam had changed from white to spectral and back again to reconstituted white light.

Early in the nineteenth century, British physicist William Wollaston refined Newton’s experiment still further. Now the sunbeam was made to pass through a narrow slit before it hit the prism. The spectrum that was conjured by the prism became a set of narrow strips of different wavelength. The strips blurred one into the other to make a spectrum, and yet, scattered along the spectrum, Wollaston saw thin, dark lines in specific places.

Discoverer of the chemical elements palladium and rhodium, Wollaston was a pious man, from a pious family. The appearance of these thin, dark lines in pure, heavenly light must have seemed strange indeed, if not downright diabolical! Nonetheless, Wollaston came to a cheerful conclusion about the dark marks. He compared the parallel dark lines to the cracks between piano keys, suggesting a helpful God had placed them there to help humans decipher where one color ends and the next begins.

The dark marks became an obsession of Bavarian physicist Joseph von Fraunhofer, who developed the first modern spectroscope, an instrument used to measure the spectral properties of light. In his colorful and hyperbolic history, Makers of Astronomy, Hector MacPherson quotes Fraunhofer as saying, “I saw with the telescope an almost countless number of strong and weak vertical lines, which are darker than the rest of the color-image. Some appeared to be perfectly black.” Fraunhofer mapped scores of these vertical lines in the sun’s spectrum. And he found the self-same spectral patterns in the light of the Moon and planets, which made sense, as these heavenly bodies shine simply by reflecting the sun’s light. When Fraunhofer turned his telescope to the stars, however, the story of the spectra changed. Now the spectral lines looked very different, but the importance of this difference remained a mystery for some time.

And so, the mysterious so-called Fraunhofer lines were christened. Today, they are as legendary as Sheldon suggests in “The Mystery Date Observation.” Fraunhofer lines are the basis of atomic spectroscopy. As the fossil record is to geology, the dark spectral lines can be used to conjure data on the temperature, composition, and movement of stars and even provide evidence for the big bang itself.

Barcode of the Stars

But before we get to the big bang, let’s take a detour with the inventor of the Bunsen burner. German chemist Robert Bunsen, along with German physicist Gustav Kirchhoff, made an amazing discovery. They found that distinct series of Fraunhofer lines were made by various chemical elements. And the way they found out this fact is a tale worth telling. One late evening in the 1850s through the window of their lab in Heidelberg, they saw a fire raging ten miles distant in the port of Mannheim.

Rather than rush to the rescue of those fighting the conflagration, Bunsen and Kirchhoff pointed their spectroscope at the flames. Within the blaze, they detected the telltale dark lines of the chemical elements strontium and barium. And this modest success inspired Bunsen to wonder whether the pair, armed with their spectroscope, might be able to “read” starlight, that is, divine the chemical makeup of the very stars themselves. Only in 1835, French philosopher Auguste Comte had written of the stars in his Cours de Philosophie Positive: “We understand the possibility of determining their shapes, their distances, their sizes, and their movements; whereas we would never know how to study by any means their chemical composition, or their mineralogical structure, and, even more so, the nature of any organized beings that might live on their surface.” Whereas Bunsen and Kirchhoff weren’t exactly aiming to find flame-resistant bug-eyed monsters on the surface of Betelgeuse, Bunsen admitted they were nonetheless mad to dream about reading the stars.

Yet read them they did. By 1861, Kirchhoff had identified in the sun the elements calcium, magnesium, sodium, iron, nickel, chromium, copper, barium, and zinc. The link between the physics of the heavens and the physics of the Earth, first evidenced by Galileo two and a half centuries earlier, was finally found. Bunsen and Kirchhoff had helped blaze a pathway from astronomy to the modern astrophysics studied by Raj. Indeed, the revolution in astronomy brought about by spectroscopy was equal to that of the telescope in the days of Galileo.

And the impact of the spectroscope wasn’t limited to the stars. Wealthy English amateur astronomer William Huggins learned of the work of Bunsen and Kirchhoff and followed suit. He fitted a spectroscope to the Clark telescope at his private observatory in London and pinned down sodium, iron, magnesium, calcium, and bismuth in the spectra of bright red giant stars Aldebaran and Betelgeuse (though there was still no sign of those flame-resistant bug-eyed monsters). Huggins’s study was the first evidence the stars were made of the same stuff as our solar system.

Flushed with his stellar success, Huggins trained his scopes on star clouds, or what astronomers sometimes call nebula. His journal of 1864 records his reaction. He was filled with a feeling of “excited suspense, mingled with a degree of awe, with which, after a few moments hesitation, I put my eye to the spectroscope. Was I not about to look into a secret place of creation? I looked into the spectroscope. No spectrum such as I expected! A single bright line only. . . . The riddle of the nebulae was solved. The answer, which had come to us in the light itself, read: Not an aggregation of stars, but a luminous gas. Stars after the order of our own sun, and of the brighter stars, would give a different spectrum; the light of this nebula had clearly been emitted by a luminous gas.” But not all nebulae are simply gaseous, of course. Those that lie well away from the plane of our milky way are galactic nebulae—galaxies containing billion upon billions of stars.

And that’s where “red shift” comes in. The dark Fraunhofer lines are the key evidence of the big bang itself. When we look at distant galaxies, we’re looking way back into the past. Galaxy light takes billions of years, longer than the age of the Earth, to reach our spectroscopes. The speed with which galaxies race apart can be estimated from their effect of shifting the spectrum toward the red end, hence the famous red shift. That’s because a moving source of waves causes a “Doppler shift” of the Fraunhofer lines. Something similar happens to sound waves when a car engine’s pitch is distinctly higher when approaching than when receding. (Dutch scientist Buys Ballott first dramatically showed the Doppler shift in sound in 1845, when he hired a brass band to play on an open railway car as it sped past his audience!) Speeding light waves Doppler shift the Fraunhofer lines to the blue end of the spectrum if they’re moving very fast toward us, and to the red end of the spectrum if they’re moving very fast away from us. That’s true of distant galaxies. And Fraunhofer’s dark lines are not only evidence that the galaxies are fast receding, but also give an estimate when the universe began expanding.

So, you see, Sheldon is right. Anyone who found atomic spectroscopy boring would be in denial of the romance of a detective story, which led from Newton’s private rainbow in a dark room, through Bunsen and Kirchhoff’s divining of the chemical makeup of the very stars themselves, to the Fraunhofer lines becoming the very language of the now-prevailing big bang theory itself!





THE BIG BEAR PRECIPITATION: FUN WITH FIRE

In “The Big Bear Precipitation,” Season 9, Episode 20, our intelligent friends attempt to light a fire.“Huts they made then, and fire, and skins for clothing,
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And a woman yielded to one man in wedlock . . .

. . . Common, to see the offspring they had made; The human race began to mellow then. Because of fire their shivering forms no longer

Could bear the cold beneath the covering sky.

—Titus Lucretius Carus, On the Nature of Things (50 BC)

“O for a Muse of fire, that would ascend

The brightest heaven of invention,

A kingdom for a stage, princes to act

And monarchs to behold the swelling scene!”

—William Shakespeare, Henry V (1599)

“Man may have discovered fire, but women discovered how to play with it.”

—Candace Bushnell, Sex and the City (1996)

I Am the God of Hell-Fire, and I Bring You . . . FIRE!

You remember how “The Big Bear Precipitation” goes. Sheldon and Leonard take a weekend cabin trip with Amy and Penny, but their plan to take a woodland hike is put to an end by a downpour of rain. Penny wants to light a cozy fire, and, as Sheldon and Leonard pontificate about the theories of thermodynamics, Penny turns on the gas. Instant fire, and their situation is transformed. The scene allows us to say something about the historical transformative power of fire and to reflect upon one of the most incredible scientific “inventions.”

The advent of fire isn’t exactly a machine invention, but it surely ranks up there among the greatest human innovations of all time. Predictable bores might go for obvious inventions such as the wheel, the printing press, or the Internet, while some more thoughtful souls would perhaps plump for soap, the nail, or the compass. And yet fire is simply the granddaddy of them all.

Now, the saying goes, “Have fire will travel,” so let’s go back, say, a million years. Life was hard. And nature was “red in tooth and claw,” as a famous poet once said. Your entire life was spent just struggling to stay alive. If it wasn’t the dangerous predators stalking you at night, it was the constant search for food in the day. Where would the next meal come from? When you think about it this way, the sheer potential power of fire becomes obvious. Fire would ward off the looming killer creatures, smoke out those incessantly biting insects, and help cook more food to eat. You see flames from lightning, forest fires, or even a volcano, but how do you catch and control them? Leonard and Sheldon sure know the theory, but how do you put that into practice?

Scholars believe the invention of fire was one of the main turning points in human history, but they can’t be sure exactly when fire was invented. Figuring out the invention of fire is not an easy business. When a scholar finds ancient evidence of fire, how do they tell if it was made by lightning, by a volcano, or by human hand? And even when fire seems to have been started by humans—an old hearth in a disused cave, for example—how do you tell if the fire was made from scratch, or just taken to the cave from a natural fire and kept alive as long as possible?

So, how did fire first happen? Prehistoric humans probably first captured fire by grabbing a burning stick from a wildfire and (fanning the flames to keep it alight) nourishing their newfound fire as long as possible. Can you imagine being in such a prehistoric situation? Nurturing those flames for perhaps days on end, when suddenly the fire is sadly extinguished. Stone Age humans would in such cases have been utterly reduced to a situation far worse than what Leonard and Sheldon face in “The Big Bear Precipitation.”

(Incidentally, a 2018 paper in the Journal of Ethnobiology titled “Intentional Fire-Spreading by ‘Firehawk’ Raptors in Northern Australia” described the mostly unknown behavior of “firehawk raptors,” birds that intentionally spread fire by brandishing burning sticks in their talons and beaks. According to the paper, firehawks will amass in their hundreds along burning bushfire fronts. From their border base, they will then fly into active fires, pick up smoldering sticks, and take them up to half a mile away to places the flames have not yet affected. The aim of the raptors is to spread fire to unburned locations to flush out prey via fire or smoke.)

Most scholars agree that humans had learned to control fire by about 125,000 years ago, but even earlier evidence of the control of fire ranges from 200,000 to 1.7 million years ago! There’s evidence of the use of fire from all around the world. In Beeches Pit, Suffolk, England, there are signs of fire use from 415,000 years ago. At Zhoukoudian Caves in China, there is evidence of fire as early as 230,000 to 460,000 years ago. The sign of fire at Zhoukoudian comes from burned bones, burned chipped-stone artifacts, charcoal, and ash—all alongside fossils that can be dated. And in Africa, there are signs of fire at the Kalambo Falls, in Zambia, where scholars found charred logs from about 110,000 years ago. Once humans had got a grasp of fire, so to speak, prehistoric life was totally transformed.

Fire, Food, and Chemistry

Fire is wild, and depending on where you live, it can also be quite rare. Natural fire occurs only in special places, such as close to the vent of volcanoes or near the neighborhood of natural gas. Or else fire happens on odd occasions, such as with forest or bush fires. Humans must have planned to capture fire, after they understood its power. Maybe early humans copied the behavior of birds like the firehawk raptors, but catching fire must have been quite daunting, dangerous, and tricky. Ancient myths and legends tell us that humans knew all about the danger of fire. Once they’d tamed the flames, humans first used fire for warmth and protection. But then came cooking.

Cooking got started once humans began the custom of sitting around the campfire. Some cooking is pretty basic. Roasting meat on pointy sticks is easy enough, just like a prehistoric barbeque. And you can even imagine Stone Age humans baking root vegetables in smoldering ashes. But boiling food is not so easy. At first, they heated water in leather buckets by dropping in hot stones. Quite ingenious, really. Sheldon talks about basic thermodynamics in “The Big Bear Precipitation.” Thermodynamics is the area of physics connected with the action of heat, and other forms of energy, and the relationship among them. It appears prehistoric humans had a basic grasp of thermodynamics. Later, early humans found that if you coated a basket with thick clay, it could be put on the fire and made cooking better. Later still, clay pots were used to do the cooking.

Cooking is also how humans invented basic chemistry. As clay pots could hold liquids for a longer time, humans started to spot slow chemical changes in the pots’ contents. And from this knowledge came the idea of changing materials. This is how humans learned to dip leather to toughen it, or to dunk it in dye to change its color. And all this was discovered through the invention of fire.

A good example of fire leading to the discovery of basic chemistry is the cooking of eggs. Consider the thermodynamics of the egg. An egg starts off as a pretty gloopy affair but, after heating, ends up all squidgy, especially if you hard-boil it. The gloopy-to-squidgy change is a chemical reaction in the food, as a result of fire and heat. And when scrambled, eggs take on yet another form.

Fire as Passport to Progress

Fire lit up the lives of early humans. Just think about all the historical changes that started with fire. Controlling fire meant humans could stay up at night. Those scary monsters in the dark, or the biting bugs, really don’t like fire and smoke. Fire allowed humans to cope better with the cold, especially as early humans continued to evolve less body hair. And fire also meant better hunting. Fire could be used to harden spear points, and its flames used to melt pitch, so that the “glue” made could be used to attach flint points onto the ends of spears.

Cooking made humans healthier, too. More nutrients were released from plants. Because some parts of plants are indigestible, they could not be eaten before the advent of fire. Humans ate only seeds, fleshy fruits, and flowers. But after marshalling fire, plant parts such as stems, mature leaves, and enlarged roots could now also be consumed. And cooking saved time. When humans ate only raw, uncooked food, they’d need to eat for over nine hours every day to fuel their brains!

Fire gave humans new powers over the planet. As well as protection from large predators at night, some scholars believe that, in Africa, fire enabled early humans to descend from the trees and take to the land. Fire also meant that early humans could clear large areas of land for their use. And fire also made it easier to travel to colder climates of the planet. This is where the “Have fire will travel” idea comes from. All these powers meant that, in time, humans would migrate and conquer all corners of the planet.

Fire and cooking also meant that early humans spent less time and energy on food. The human digestive system shrank, allowing more energy for growing human brains. And humans made primitive art to record how important fire was to them. They daubed paint on cave walls, making pictures all about animals and the hunt. Maybe the movement of the animals, and the excitement and danger of hunting them, was also an inspiration. But fire and food came first. The ancient prehistoric world, full of incredible cave art painted by early humans many thousands of years ago, would have been impossible for us to have witnessed without fire, as the artists could not have seen in the dark caves!

The rest of the fire story is, as they say, history. Our occasional and dramatic failure to control fire, such as the Great Fire of London in 1666 and the Great Chicago Fire of 1871. The harnessing of fire power through machine inventions such as the steam and combustion engines. The explosive use of fire power in fireworks and gunpowder. The role of fire in our ancient mastery of metal. And our modern overreliance on the thermal energy released by fossil fuels. No wonder fire is often seen as a symbol of knowledge and progress.





THE LOVE SPELL POTENTIAL: THE BIGGEST BANGS IN HISTORY

In “The Love Spell Potential,” Season 6, Episode 23, a dragon falls from the sky and crashes into a volcano.
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“The globe of this earth . . . [is] . . . not just a machine but also an organized body as it has a regenerative power.”

—James Hutton, “Theory of the Earth,” Transactions of the Royal Society of Edinburgh (1788)

“The Earth is God’s pinball machine and each quake, tidal wave, flash flood, and volcanic eruption is the result of a TILT that occurs when God, cheating, tries to win free games.”

—Tom Robbins, Even Cowgirls Get the Blues (1976)

Those Big Bangs in Fiction and Fact

Little wonder Howard and Sheldon come across a volcano in their game of Dungeons and Dragons. The mighty power of a volcano is just the kind of thing you’d expect to see in fantasy scenarios. After all, the volcano of Mount Doom in Tolkien’s Middle-Earth legendarium was the only power strong enough to destroy the One Ring in the Lord of the Rings series. No doubt the odd dragon can breathe fire, but just think of the dramatic havoc a volcano can bring to a Dungeons and Dragons campaign. Volcanos can turn your terrain for miles around into a mass of smoke and fire, while smearing out the sun and swiftly turning ocean shorelines black with ash.

Huge volcanic eruptions aren’t even fantasy. There’s plenty of factual drama to draw upon, and even the odd reference to a dungeon. Here’s a choice pick of the volcanoes that made the most famous and dramatic blasts in history.

Mount Pelée, Martinique, Caribbean Sea: May 8, 1902

First came the bugs. No dragons to speak of, as was the case with Howard’s volcano. In Martinique in 1902, it was just yellow ants and big, black centipedes, mostly. They crawled and clambered down the lush-covered slopes of Mount Pelée and scuttled through the streets. Then came the snakes. Their slow exodus slithered down the volcano’s sides, a bit like a biblical plague. Animals are often the first to sense that something big is coming, while we mere humans remain oblivious. Last came the explosion. Mount Pelée blew its top, forcing out a huge cloud of glowing gas at more than 100mph. Three minutes later, almost all of the people of the local town, St. Pierre, lay suffocated and burned to death. Only one person survived: a prisoner in the city’s dungeon, Auguste Ciparis. After surviving four days stuck down in his dungeon, buried beneath layers of ash, Auguste Ciparis was set free only to spend the rest of his days touring with a circus—as an exhibit in a replica of his dungeon!

Perbuatan, Krakatoa Island, Indonesia: August 26, 1883

It was the loudest explosion in written history. When Krakatoa erupted, the sound was heard three thousand miles away. That’s like living in Oregon and hearing a bang in Florida. Krakatoa first blew up and, on the following day, collapsed in four gigantic explosions. The shockwaves were felt around the world. The energy of the eruptions was ten thousand times greater than the atomic bomb dropped on Hiroshima. Scholars believe around one hundred thousand people died. Some in the surrounding area, and many more drowned by the enormous tsunamis unleashed by the volcano’s collapse. As the volcanic dust flew fifty miles into the Earth’s atmosphere, it cast a curtain about the globe that conjured up chaotic weather and fabulously scarlet sunsets. In London, the sky was so fiery red that people called out fire engines. And the ashy atmosphere also made the Sun and Moon turn blue or green.

Incidentally, the Krakatoan eruption is thought by some scholars to be related to The Scream, the famous series of paintings and pastels by Norwegian artist Edvard Munch, whose iconic creations show a figure with an agonized expression against a landscape with a tumultuous red-orange sky. In an article titled “When The Sky Ran Red: The Story Behind The Scream,” in the February 2004 issue of Sky & Telescope magazine, Donald W. Olson, an astronomy and physics professor at Texas State University, along with colleagues Russell L. Doescher and Marilynn S. Olson, tells how the group traveled to Oslo, Norway. Once there, they were able to pinpoint the precise location where the artist stood as he “felt a great, unending scream piercing through nature,” moving Munch to put his feelings on canvas. Their analysis of The Scream, which includes relevant quotes from Munch’s journals and topographic analysis, presents proof that clearly connects Munch’s fiery blood-red Norwegian sky and spectacular twilight to the explosions of Krakatoa, which had erupted an air travel distance equal to 6,788 miles away.

Mount Vesuvius, Pompeii, Italy: August 24, 79 AD

The day before the eruption, the Romans had celebrated Vulcanalia, a festival in honor of the god of fire. The following day, a volcanic explosion was recorded by one single survivor, the famous Roman writer, Pliny the Younger. Pliny was witness to a cloud of hot ash, which was blasted from Mount Vesuvius a full twenty miles into the sky, a third of the way into outer space. But soon gravity got its grip, and the cloud began its descent back down to Earth, raining toxic gas on the town and its people, burying them in ash up to nine feet deep. Many thought that the end of the world had come. The blast happened so quickly that Pompeii and its people were perfectly preserved until the eerie scene was once more uncovered in 1748.

As Pliny described the event later in his letter to Roman Senator Tacitus, “Ashes were already falling, not as yet very thickly. I looked round: a dense black cloud was coming up behind us, spreading over the earth like a flood. ‘Let us leave the road while we can still see,’ I said, ‘or we shall be knocked down and trampled underfoot in the dark by the crowd behind.’ We had scarcely sat down to rest when darkness fell, not the dark of a moonless or cloudy night, but as if the lamp had been put out in a closed room. You could hear the shrieks of women, the wailing of infants, and the shouting of men; some were calling their parents, others their children or their wives, trying to recognize them by their voices. People bewailed their own fate or that of their relatives, and there were some who prayed for death in their terror of dying. Many besought the aid of the gods, but still more imagined there were no gods left, and that the universe was plunged into eternal darkness for evermore.”

Pliny’s description is still highly regarded today by volcanologists. In the nineteenth century, many scholars believed Pliny to be wrong in his account, associating volcanoes only with lava-like eruptions. But the eruption of Martinique in 1902 made geologists realize that Pliny was right all along: volcanoes could also erupt with superhot and pyroclastic flows of dust and ash.

Tambora, Sumbawa Island, Indonesia: April 10, 1815

Tambora was the largest eruption ever recorded, and one of the largest eruptions in the last sixty-odd thousand years. The explosion killed more people than any other volcano, releasing millions of tons of sulfur dioxide into the stratosphere. The effect on the immediate area was clear and devastating. What was less well known until recently was the effect Tambora had on global weather, and arguably global events. The veil that shrouded the planet, and blocked sunlight, led to the following year of 1816 becoming known as the year without a summer across Europe and eastern America. Storms in June and July, along with unseasonal frosts, inspired creative imaginations. But devastated crops brought more hunger to a Europe short of food and work, as it struggled to recover from the Napoleonic Wars.

Volcanologists have a technical term for eruptions of this scale and size: colossal. The measure is in part an estimate of the volume or the mass of pumice, lava, and ash that have been ejected during an eruption. Tambora weighs in with a magnitude of 7, which means around thirty-six cubic miles of pumice and ash were ejected. That’s enough to cover the whole of the United Kingdom, or the state of Michigan, about knee-deep in volcanic debris. This amount of material is about a hundred times larger than the eruption of Mount St. Helens in 1980, and a thousand times bigger than the eruption in Iceland in 2010 of Eyjafjallajökull, which caused so much disruption to aviation.

This truly colossal event probably began with an episode of unrest lasting two or three years. So, from about 1812, there are indications that the volcano was becoming a bit lively, but no one had recognized Tambora as a potentially active mountain. Then, on the fifth of April in 1815, an eruption happened that was a pretty large explosion in its own right. The shape of things to come. The explosions and detonations of this first eruption were heard across Indonesia within a range of hundreds of miles and probably beyond. There are historical accounts of the eruptions, as so often happens in such cases, where people at first believe they’re under siege from the sea, with cannons being fired at them. The detonations sound close at hand, even though they are five hundred or a thousand miles away, so troops or navy are dispatched, to little avail.

Once truly under way, Tambora underwent its colossal explosions, which ejected the huge quantities of ash and pumice mentioned earlier. But remember, there’s also a lot of thermal energy, so the volcano’s cloud of ash climbed up and up into the very stratosphere, producing the kind of towering column we now expect from such large eruptions. The ash was behaving a little like a hot air balloon, buoyant from all of that thermal energy, so all of the air that’s entrained into this ash column heated up and simply lifted the ash column up to heights two or three times the height of commercial aviation.

By the 10th of April 1815, the eruptions were so colossal that the material produced failed to become fully airborne. Instead, the pumice and hot ash cascaded back down onto the flanks of the volcano, forming ground-hugging hurricanes of debris that incinerated everything within a radial path twenty miles or so around the volcano. After a full five days of such eruptions, sending scalding gas to the edge of space itself, the top half-mile of the mountain, along with the souls who had lived on its flanks, had vanished.

Migration of Man Supervolcano: Toba

Tambora leads us nicely to one of the greatest supervolcanoes in history. The volcano is called Toba, and it’s in Indonesia. Scholars believe that around seventy thousand years ago, Toba suffered a gargantuan explosion. Scholars say the Toba eruption was “megacolossal,” much, much bigger even than the eruption of Tambora. The Toba explosion is thought to have dumped three inches of debris—a layer that can still be seen—on all the lands of South Asia, the Indian Ocean, and the Arabian and South China Seas, a truly huge area of land. With so much ash and dust in the air, the sun was dimmed for many years. The affected land would have become like a giant ashtray, with cubic miles of ash clogging rivers and streams, and seasonal rains would have stopped. Not only does that sound like a superb start to a Dungeons and Dragons campaign, but it may also happen to be one of the reasons the actual story of human migration began.





THE 2003 APPROXIMATION AND FILK MUSIC!

In “The 2003 Approximation,” Season 9, Episode 4, Raj and Howard invent filk music.
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“I think that prog rock is the science fiction of music. Science fiction speculates on what the future might be and look like and how we’ll get there, and yet there’s always a central theme of humanity, or there should be. Progressive rock has the same concept of exploration into the parts of the music world that hasn’t been explored.”

—William Shatner, Rolling Stone magazine (September 11, 2013)

“If you’re sad today, just remember the world is over 4.543 billion years old and you somehow managed to exist at the same time as David Bowie.”

—Dean Podesta, Twitter (January 10, 2016)

Footprints on the Moon

In “The 2003 Approximation,” we learn that it was Howard who dreamed in middle school of being in a band called Footprints on the Moon. And it was Raj who suggested that, if Howard’s dream were soon to come true, then the genre of music the band should play would be best described as “filk music,” folk music with a sci-fi theme. We catch a glimpse of Footprints playing their first song, “Thor and Dr. Jones.” In “The Earworm Reverberation,” we learn that the band had also played at a children’s hospital (until they were asked to leave), and by the time of “The Separation Agitation,” the band appears to have a regular role of providing music and sound effects for “Fun with Flags.” But what about “filk music”? And what kind of history does rock music have with science fiction and fantasy?

Now, I’ve worked on many fascinating science projects in my time. In 1998, my academic department attracted worldwide attention by developing an undergraduate university course called Life in the Universe. In reality, the course looked at the science and culture of astrobiology, a fast-developing discipline at the time. A deliberately provocative press release, informing the media we’d be teaching our students how to talk to aliens, got the desired result: global press coverage. The following year, my team had designed and validated the world’s first science and science fiction university degree program. Once more, the world’s press had a field day, curious to see how we’d link up science and sci-fi and explore the relationship between space, fiction, and culture.

Then, in 2004, I was called up by the soon-to-be Science Fiction Museum in Seattle. Now rebranded as the Museum of Pop Culture, the Science Fiction Museum was to form a section of the Experience Music Project (EMP), founded by Microsoft cofounder Paul Allen in 2000. The museum was to be divided up into themed galleries, such as Homeworld, Fantastic Voyages, Brave New Worlds, and Them! Each gallery was to display related memorabilia, such as movie props, first editions, costumes, and models, along with posters and interactive displays to tease out the different topics. The museum’s advisory board included Steven Spielberg, Ray Bradbury, James Cameron, and George Lucas, and I was invited along to act as one of the educational consultants, no doubt due to my initiatives in university education about space and culture.

The aim of the consultation was twofold. First, to select material and programs to provide ideas for the use of science fiction to teach science and math. And second, to identify best practice from the lessons learned by academics and writers working in these fields. And yet it occurred to me during the consultation that an opportunity was being missed. Part of the museum that joined the Science Fiction section to the main music museum could have looked at the links between sci-fi and rock. In other words, a “filk” exhibition! Okay, maybe not strictly “filk,” as most of our museum exhibits would come from more mainstream rock, but here’s a selection of the kind of thing the “filk” museum could have housed. Warning: what follows is but a tiny fraction of the kind of thing the museum could house, so please don’t complain to my editor!

Filk Museum

We can leave to one side the classical music of Haydn and Holst. Austrian composer Joseph Haydn had written his The Creation after looking down the state-of-the-art telescope of astronomer and discoverer of Uranus and its satellites, William Herschel, in 1792. Same goes for the famous The Planets suite, written by English composer Gustav Holst, between 1914 and 1916. Both classical pieces are an artistic response to straight science and bear only a passing association with science fiction. (Holst’s suite is composed of a number of movements, one for each planet of the solar system, which corresponds to that planet’s character in astrology, a science fiction of sorts.) So, our “filk” music story should take off at the beginning of the Space Age.

Humanity’s entry into space started to spark off as subject matter for rock songs from the mid-1950s. From the very beginning of rock and roll, in fact, space acted as a backdrop. A good early example is the 1959 concept album I Hear a New World. Penned by British producer and songwriter Joe Meek, the album was galvanized by the space race and featured a fictional close encounter with alien life. Meek then went on to have a UK and US chart-topper with the 1961 hit “Telstar,” named after the newly launched comms satellite and meant to commemorate the new Space Age. (Since this particular entry in our book is musically interactive, you might want to take a short musical break right here and look up The Tornados playing “Telstar” on YouTube. The original video is intercut with footage of rockets on launchpads and the like.) As the main instrument featured on Telstar was a clavioline, an electronic forerunner of the synthesizer, this could be our first museum exhibit!

Our space rock subgenre of “filk” developed further with the 1960s psychedelic music scene. Early pioneers of psychedelic space rock were Pink Floyd. Their debut 1967 album, Piper at the Gates of Dawn, featured tracks such as “Astronomy Domine,” in which the innovative sound of the song starts up with the band’s manager reading out the names of the planets through a megaphone, making a soundscape like an astronaut over an intercom. Another album track, “Interstellar Overdrive,” was one of the very first psychedelic instrumental improvisations recorded by a rock band. “Interstellar Overdrive” was also used in the 2016 movie Doctor Strange. What museum exhibit should represent Pink Floyd in our museum? A video of a black-and-white film of Floyd’s live and startling performance of “Astronomy Domine” on the BBC in 1967 on a program called The Look of the Week. Floyd’s live performance is introduced by a stuffy old English musician who warns viewers about what they will soon see and hear. (Once more, a short YouTube break will put you in the picture.)

Another major band in the history of space rock was Hawkwind. They’re best known for their 1972 hit single, “Silver Machine.” The song is a send-up of space travel, inspired by the Alfred Jarry essay, “How to Construct a Time Machine.” Sung by Lemmy (later of Motorhead fame), the song featured lyrics such as “Do you want to ride?/See yourself going by/The other side of the sky/I got a silver machine/It flies/Sideways through time/It’s an electric line/To your Zodiac sign,” which is at least as good as Footprints on the Moon’s “Thor and Dr. Jones.”

Unlike Footprints on the Moon, a Hawkwind concert experience was a hard-edged affair. The band attracted a motley, but dedicated, crew of psychedelic drug users, science-fiction fans, and bikers. The science fiction writer Michael Moorcock collaborated with Hawkwind on their major space rock album, Space Ritual, a 1973 two-disc live album advertised as eighty-eight minutes of brain damage. It documents the band’s 1972 tour, which included a liquid light show and lasers, wild costumes, and psychedelic imagery. “Filk” museum Hawkwind exhibit: video footage of Space Ritual, but beware on YouTube, as their shows included nude female dancers, most notably the amply proportioned Earth-mother figure of Stacia.

Now, the potential for exhibits blooms into the 1970s and beyond. To name but a few, we have Queen’s “Flash,” a song written for the 1980 Flash Gordon movie; Jeff Wayne’s 1978 musical version of H. G. Wells’s The War of the Worlds; and the 2002 science fiction-themed Flaming Lips album, Yoshimi Battles the Pink Robots, which even makes “Thor and Dr. Jones” sound conservative. Then, there’s George Clinton, whose Parliament-Funkadelic collective (which was mostly recorded under the band names of Parliament and Funkadelic) developed an influential form of funk music during the 1970s. The collective drew on science fiction, outlandish fashion, psychedelic culture, and surreal humor.

The Man Who Fell to Earth

But wait, let’s go back a tad. In terms of pure “filk,” and not mere space rock, we may have missed a very important milestone: the quintessential “filk” anthem that is David Bowie’s 1969 masterpiece, “Space Oddity.” Not only is Bowie’s song essentially folk-pop with acoustic guitar to the fore, but it’s also a beautifully haunting tale of alienation in space, with fictional astronaut Major Tom lost and destined to roam the cosmos forever: “Planet earth is blue/And there’s nothing I can do.” The folk style is set against a kind of sci-fi stratosphere, provided by traditional instruments and the inclusion of the Stylophone, a miniature analog stylus-operated keyboard, invented in 1967. The alienation theme of the song is heightened by the fact that “Space Oddity” has no chorus, very unusual for a pop song of that era.

The timing of Bowie’s masterpiece was also immaculate. Recorded on June 20, 1969, Space Oddity was released on July 11, 1969, just nine days before Neil Armstrong descended down the ladder of Apollo 11’s lunar lander, Eagle. The historic event provided live coverage at 11:56 p.m. on July 20, 1969, with Armstrong uttering his own peerless couplet, “That’s one small step for man, one giant leap for mankind.”

This single song would make a superb museum exhibit. Bowie revisited his alienated astronaut Major Tom in a number of other songs, including “Ashes to Ashes” (1980) “Hallo Spaceboy” (1995); and possibly “Blackstar” (2015), one of Bowie’s last-ever songs, the haunting video for which featured the discovery of a dead astronaut, whose jewel-encrusted skull is taken to an ancient, otherworldly town, as the astronaut’s bones float toward a solar eclipse. That’s some send-off.

Two years earlier, and forty-four years after Bowie recorded “Space Oddity,” the song had become the subject of the first music video shot in space. In 2013, a Canadian astronaut (whose skull and bones hopefully won’t get separated soon) performed Bowie’s song while aboard the International Space Station, and “Space Oddity” gained yet another bout of renewed popularity.

In fact, the life and work of David Bowie could fill our entire “filk” museum! Not only was Bowie a very other-worldly artist, steeped in all forms of science fiction, but he was also inducted into the Science Fiction and Fantasy Hall of Fame in June 2013. His “Life on Mars?” came in the year that also saw the launch of Russia’s Mars probes and America’s launch of Mariner 9. The album on which “Life on Mars?” was released, 1971’s Hunky Dory, also features the song “Oh! You Pretty Things,” where Bowie uses the term “homo superior,” a term often used by Marvel Comics’ X-Men villain Magneto. Bowie has other evolutionary readings of Friedrich Nietzsche’s Übermensch on the song “The Supermen” (from 1970’s “The Man Who Sold the World”), a skeptical song about the evils mere mortals may grow into. The album also features “Saviour Machine,” a tale of self-aware AI, which hates the species that gave it life.

Elsewhere, Bowie shows his familiarity with Anthony Burgess’s cautionary futuristic tale, A Clockwork Orange, by referring to his friends as “droogies” in the song “Suffragette City.” The song is featured on the album that introduced to the world the androgynous Rockstar Ziggy Stardust, along with his Spiders from Mars backing group. The album also features “Moonage Daydream,” which also appeared in the Guardians of the Galaxy movie in 2014, and the hit song “Starman,” a reference to the Robert A. Heinlein story Starman Jones, which Bowie, the future star man who was born David Jones, had said in interviews he loved. Another masterpiece, “Drive-In Saturday” from the 1973 album Aladdin Sane, takes place in the year 2033, when people have forgotten how to enjoy sex and have to watch porn for tips while “cursing at the astronette.” Finally, Bowie interpreted George Orwell’s dystopian novel Nineteen Eighty-Four into the magnificent 1974 album Diamond Dogs. And so on.

Not only that, but the David Bowie brand has exemplary museum form. An exhibition of Bowie artifacts, called David Bowie Is, was organized by the Victoria and Albert Museum in London and shown there in 2013. The original London show was visited by well over three hundred thousand people, making it the most successful exhibition ever staged at the museum. Later the same year, the exhibition began a world tour, ending in July 2018 at the Brooklyn Museum in New York City. Over that five-year run, David Bowie Is stopped at a dozen museums around the world, attracting over two million visitors.

A Bowie Filk Museum couldn’t fail.





MONSTER

What do we mean by monster? Well, in terms of science and science fiction and The Big Bang Theory, it’s to do with all things human. Ever since Darwin, human nature and the human future has fascinated us. Successive discoveries in science have impacted how we think about not just the human condition, but also the meaning of life in the universe, so the monster theme in this section is all about that definitive terror: ourselves. The monster that goggles back at us when we stare into the mirror, especially if you’re Sheldon.

In science fiction portrayals of our human future, the monster might be mutant, clone, or psychic. But it is always a warped and grotesque version of our own debased dreams, so in this section, we look at monstrous human forms implied by The Big Bang Theory scripts. In “The Hamburger Postulate,” we consider the sometimes-preposterous notion of the human as superhero. In “The Peanut Reaction,” we look at those monstrous aspects of pseudoscience that simply refuse to die in the face of cold hard logic.

We also consider superheroes in fact and fiction. In “The Bachelor Party Corrosion,” we look at the wit and wonder of twentieth-century American physicist Richard Feynman. And in “The Dumpling Decoupling,” we consider Sheldon’s controversial infatuation with that long-running British science-fictional superhero, The Doctor.

Finally, we dwell upon scientists themselves. In “The Mystery Date Observation,” we look at the unlikely dating habits of eggheads, such as Wolfgang Pauli, H. G. Wells, and Robert Hooke. In “The Earworm Reverberation,” we see that scientists are the strangest of monsters and focus on the prime examples of Empedocles, Tesla, and the king of weird, Isaac Newton. Last, and most appropriately, the book comes to an end by considering the “The Einstein Approximation,” as we consider clichéd and stereotypical images of scientists through the lens of Sheldon Cooper.





THE HAMBURGER POSTULATE: TWILIGHT OF THE SUPERHEROES

In “The Hamburger Postulate,” Season 1, Episode 5, the friends reenact the Battle of Gettysburg using gods and superheroes.
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“Now, see, I haven’t read any superhero comics since I finished with Watchmen. I hate superheroes. I think they’re abominations. They don’t mean what they used to mean. They were originally in the hands of writers who would actively expand the imagination of their nine- to thirteen-year-old audience. That was completely what they were meant to do and they were doing it excellently. These days, superhero comics think the audience is certainly not nine to thirteen, it’s nothing to do with them. It’s an audience largely of thirty-, forty-, fifty-, sixty-year-old men, usually men. Someone came up with the term graphic novel. These readers latched on to it; they were simply interested in a way that could validate their continued love of Green Lantern or Spider-Man without appearing in some way emotionally subnormal. This is a significant rump of the superhero-addicted, mainstream-addicted audience. I don’t think the superhero stands for anything good. I think it’s a rather alarming sign if we’ve got audiences of adults going to see the Avengers movie and delighting in concepts and characters meant to entertain the twelve-year-old boys of the 1950s.”

—Alan Moore, interviewed in The Guardian (November, 2013)

Gods of Modern Mythology

In “The Hamburger Postulate,” Leonard and Sheldon appear to be besting Howard and Raj in a reenactment of the Battle of Gettysburg involving gods, monsters, and superheroes. In the most amusing mash-up, Leonard and Sheldon spearhead their offensive with battalions of Orcs from Lord of the Rings and Hulk from the Marvel universe. Raj and Howard defend their positions with the help of the deity Shiva, the destroyer and the transformer of Hinduism, and Ganesh, the elephant-headed, best-known, and most-worshiped deity in the Hindu pantheon, as well as Godzilla, and Superman from the DC universe. Notwithstanding this gods and superhero rewriting of history, the North still win.

Many a true word is spoken in jest, as they say. The most likely origin of the saying is probably Geoffrey Chaucer, used in The Cook’s Tale way back in 1390: “But yet I pray thee be not wroth for game; [don’t be angry with my jesting] A man may say full sooth [the truth] in game and play.” And you won’t be surprised to hear that William Shakespeare used a more contemporary version of the expression. In King Lear in 1605, Shakespeare wrote, “Jesters do oft prove prophets.”

But what “full sooth” do the modern prophets Leonard, Sheldon, Howard, and Raj say in game and play? The idea that comic book superheroes are the new gods of modern mythology. Wave after wave of revisionist superhero movies make billions at the box office. At the time of this writing, superhero films dominate the top 50 highest grossing movies of all time, with Avengers: Infinity War, The Avengers, Avengers: Age of Ultron, and Black Panther all in the top 10 and grossing globally so far to the tune of almost six and a half billion dollars. That’s some domination.

Now, according to Laurence Maslon, author of Superheroes!: Capes, Cowls, and the Creation of Comic Book Culture, superheroes are modern-day Greek myths: “But the difference is they’re no longer what the Greek myths were to the Greeks—they’re what they were to western civilization centuries later. We know them so well now. They have outlived the intent of the original. And there are people who grew up with them, seven-year-olds who are fifty-seven now. They don’t want to throw them away, they want to interpret them through the lens of their own time.”

What role did the original myths play for the ancient Greeks? They were a thought experiment, says Mary Beard, professor of Classics at Cambridge University. In an episode of the long-running BBC Radio 4 program In Our Time, in March 2008, Mary Beard described the role of the Greek myths in this way: “You have to assume as a starting point that the fact that these things go on being told and recounted and sung and written about must mean they’re doing a really important job. This is not some kind of, you know, mad conservatism on the part of the Greeks. . . . I think myth is a very economical form of thinking about the world, as a set of ways of thinking about how the world is. The underlying function is to help us think about what human existence is like, and why it’s so jolly difficult and hard, and why we do what we do. Myths make you think about why gods are different from humans, and how creatures are different from humans. For example, you might want to know whether men or women have a better time in sex. You know, that’s a question we need to think about. And in Greek mythology we’ve got Tiresias. Not only was he a blind prophet of Apollo in Thebes, famous for clairvoyance, but also famous for being transformed into a woman for seven years, so he’s someone who’s been both a man and a woman, and he can tell you whether men or women have a better time.”

Science Fiction as Myth

So, in what way are superheroes a thought experiment? Superhero fiction is a genre of science fiction, which examines imaginative ideas about the potential consequences of science and tech. Science fiction has been called the “literature of ideas,” whether its protagonists are costumed or not. As writer Leonard Isaacs put it in his 1977 book, Darwin to Double Helix: The Biological Theme in Science Fiction, science fiction creatively morphs scientific ideas into symbols of the human condition that are often “an unconscious and therefore particularly valuable reflection of the assumptions and attitudes held by society. By virtue of its ability to project and dramatize, science fiction has been a particularly effective, and perhaps for many readers the only, means for generating concern and thought about the social, philosophical, and moral consequences of scientific progress.”

Ever since the start, science fiction has been modern myth. Take H. G. Wells, for example. The impact of Wells’s books The Time Machine (1895) and The War of The Worlds (1898) was colossal. They were responsible for igniting both the space and time themes in the genre of early science fiction, and in the public imagination. Wells created the modern myth of the alien, armed with its potential for probing ideas about human evolution. And, again according to Isaacs, Wells’s books “are, in their degree, myths; and Mr. Wells is a myth-maker.”

In his acclaimed 2013 novel, The Violent Century, writer Lavie Tidhar imagines superheroes as witnesses to the real twentieth century’s horrors. “Not only are superheroes fighting Nazis in the comic books, but if you look at all these characters, Superman and Batman and Spider-Man a bit later, they are perfect immigrants, non-Jewish figures passing as part of the dominant culture,” Tidhar says. The creators of Spider-Man, Batman, and Captain America, who marked his first appearance in 1941 by smacking Hitler in the face, were also Jewish.

So, the early days of superhero fiction, which lasted until the 1950s, were rather simple stories about costumed, crime-fighting, good-guy superheroes triumphing over similarly powered evil criminals, often dubbed supervillains. The superhero in this “golden age” of comic books was rather devoid of personality. They were very inflexible, even down to the way they were drawn. But the late Stan Lee changed all that. The “silver age” ushered in by Lee’s Spider-Man brought protagonists with a lot more flexible character.

For Stan Lee’s Marvel superhero tales in the early 1960s were about ordinary folk. Stan revolutionized the subgenre with a large dose of reality. His characters were down-to-earth, everyday people living everyday lives. His stories were peopled with folk who had personal problems. And his characters were often troubled. Peter Parker’s problem, of course, was being bitten by a radioactive spider. But other characters had to deal with the boring bits of the mundane side of life. The Fantastic Four had huge family feuds.

Superhero Dark Age

Two decades on from that “silver age,” British writer Alan Moore launched his seminal Watchmen series. Moore’s Watchmen was an incendiary device tossed into the comic book genre. The series blasted superhero fiction into yet another era, one sometimes called the “dark age.” The superheroes of the dark age dwelled upon their motivations and situations, often seeing themselves as morally challenged and questioning their place in the world. But the Watchmen series also marked the superhero’s later shift from a basically juvenile fetish to pop cultural symbol of the age. Moore’s Watchmen was intelligent, but also a meta-game-changer. The series was presented as a trade paperback, in which a fan could read eight or ten narratives at once, rather than visiting their comic book store every month.

The consequential dark age stories were of serious superheroes in a grown-up culture. The new age wasn’t everyone’s cup of tea. British writer Nick Harkaway said he “got slightly tired of the endless emotional angst.” Harkaway, author of an acclaimed novel, Tigerman, in which the protagonist dresses up as a superhero and fights crime to please a ten-year-old lad in his charge, said, “I lose sympathy for superhero characters who can fly, who are indestructible, who are gorgeous, when they start whingeing.”

Cynically speaking, in these days, CGI, DC, and Marvel realized that their respective universes could generate a steam of reliably lucrative, albeit conceptually weak, blockbuster movies for the box office, and so they managed to rescue their brands from a moribund comic book market. But another influence seeped into the genre: a thoroughly modern skepticism of power and authority. A dubious trustworthiness of superheroes finally infected our modern science-fictional myths.

In movies such as Captain America: Civil War and Batman v Superman: Dawn of Justice, we see the superpower battles result in atrocious collateral damage to normal folk. Indeed, in Captain America, the United Nations has to be brought in as peacekeeper and regulator. While Deadpool satirizes the prissy solemnity of the genre, the miserable Jessica Jones is quite believable in her portrayal of a superheroine who doesn’t have a daft name, passes on the fashion problem of wearing spandex tights (though her actual clothing choices are little better), and would generally rather not be saving people.

Twilight of the Superheroes

None of this should come as a surprise. We live in weird times. A time when superheroes can wear ordinary clothes because the world itself is extraordinary. A time when the damage superheroes do seems deeply indicative of the day. And a time that’s changed from World War II, when the bad guys stuck out like sore thumbs. This is a more cynical age, and so the heroes themselves are becoming tarnished.

Where did this superhero decline begin? Some believe it began with a proposed comic book crossover that was never published. Alan Moore’s Twilight of the Superheroes was the title of a proposal to DC Comics way back in 1987 that never saw the light of day. And the curious thing is, Moore’s proposal is a little like The Big Bang Theory’s reenactment of the Battle of Gettysburg involving gods, monsters, and superheroes.

The title Twilight of the Superheroes refers to Ragnarök. In Norse mythology, Ragnarök is a sequence of future events, including a great battle, which ultimately ends with the death of a number of major figures, including the Gods Odin, Thor, and Loki. Moore’s treatment of a superhero future is similarly dark. The story takes place two decades into the DC universe future. The world is ruled by superheroic dynasties, including the House of Steel (presided over by Superman and his wife Wonder Woman) and the House of Thunder (comprising the Marvel family), as well as houses centered around the Justice League, the Teen Titans, and a cabal of supervillains. A final battle happens between the heroes of Earth, including both older and younger generations of superheroes, as well as the supervillains and some alien beings who’ve inhabited the Earth. The narrative ends in the death of most of the superpowered characters.

So, the Battle of Gettysburg reenactment is more culturally relevant than it seems. Superhero myths add contemporary weight to an oscillating history, and given the increasingly tarnished image of the superhero as a pop cultural barometer of the times, it’s comforting to know their intervention in the Battle would still result in a progressive victory.





THE PEANUT REACTION AND PSEUDOSCIENCE

In “The Peanut Reaction,” Season 1, Episode 16, Sheldon comes down hard on pseudo-scientific hokum.
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“It may be that there are kernels of truth in a few of these doctrines, but their widespread acceptance betokens a lack of intellectual rigor, an absence of skepticism, a need to replace experiments by desires.”

—Carl Sagan, Dragons of Eden: Speculations on the Evolution of Human Intelligence (1986)

“One of the difficulties in raising public concern over the very severe threats of global warming is that 40 percent of the US population does not see why it is a problem, since Christ is returning in a few decades. About the same percentage believe that the world was created a few thousand years ago. If science conflicts with the Bible, so much the worse for science. It would be hard to find an analogue in other societies.”

—Noam Chomsky, “Trump in the White House: An Interview With Noam Chomsky”, Truthout (2016)

“By definition (I begin), alternative medicine (I continue) has either not been proved to work or been proved not to work. Do you know what they call alternative medicine that’s been proved to work? Medicine.”

—Tim Minchin, Storm, The Animated Movie (2009)

From Sci-fi to Pseudoscience

Sheldon has some great one-line put-downs on pseudoscience. On astrology, “The mass cultural delusion that the sun’s apparent position relative to arbitrarily defined constellations at the time of your birth somehow affects your personality.” And on homeopathy, “If we poison the critical thinking faculties of children by telling them that rabbits come out of hats, then we create adults who believe in astrology and homeopathy and that Ryan Reynolds was a better choice for Green Lantern than lovable rogue Nathan Fillion.”

The question of pseudoscience reminds me that, a few years ago, I was commissioned by UKTV Gold to lead up the launch of one of their Doctor Who seasons. To help promote the publicity for the event, a special opinion poll was also commissioned. Members of the public were questioned, in an attempt to identify what sci-fi pseudoscience ideas most populated the public imagination as fact. The poll was widely reported in the national British press including the Daily Mail and the London Evening Standard. And, one busy day from the Wise Buddha recording studio in London, I was engaged in around two dozen radio interviews on the topic, chatting with radio stations from Liverpool to London, from Cambridge to the Celtic fringes. Some aspects of sci-fi that a lot of people believed to be actual fact were predictable enough. Aliens and space travel, for example. A lot of people take for granted that one-day space travel and alien contact will be accomplished. They feel it’s merely a matter of when, rather than “what-if,” these things happen. It’s the same with topics such as human cloning and genetics, as well as death-dodging developments, like cryonics or transcendence; one day, maybe, all will be within the enthusiastic grasp of future humans. It starts to get a little surprising, however, when a worrying percentage of people think warp drive is already with us, along with light sabers and faster-than-light travel. So, here below is a list of those more surprisingly believed pseudoscience ideas, along with the kind of contribution sci-fi made to fix the ideas in the public imagination.

Hoax moon landings

One of the great urban myths, which simply refuses to lie down and die, is the idea that the Americans somehow managed to fake the entire Apollo mission(s) to the moon. A minor industry of conspiracy theorists pours over pictures and data on this one. The movement is undoubtedly influenced by the science fiction film Capricorn One. Made in 1978, James Brolin, Elliot Gould, and O.J. Simpson star as three astronauts who agree to spare the US government embarrassment by faking their historic landing on Mars when their spacecraft is found to be unsafe for blastoff. The real-life Apollo missions became guilty by association. And yet, it never seemed to occur to the moon-landing conspiracy peddlers that, quite apart from anything else, the Soviets would never have let NASA get away with a moon hoax, given the moon race’s strategic significance during the Cold War. The US government couldn’t keep Watergate under wraps, and only three people knew about that.

X-ray specs

For juvenile men only (hopefully), this is the idea that one only has to don a pair of specially designed glasses and the world of lingerie and (usually women’s) underwear is just within “reach.” Based on the rather dodgy idea that if your local hospital is equipped with an X-ray department, then surely the (morally dubious) doctors of science can conjure up a pair of perverted goggles based on this ubiquitous tech? X-ray specs were sold with the slogan “See the bones in your hand, see through clothes!” Some versions of the ad showed a geeky kid using the specs to gawk at the bones in his hand, while a voluptuous woman lurks in the background, as though willing and waiting to be his next specimen. The idea behind the illusion, as well as its use in a pair of “spectacles,” was first patented in the US way back in 1906. The claims are untrue, of course. Quite apart from the unlikelihood of a safe and sound X-ray device selling for about a dollar, back in the day, specs users should have been less duped and more aware of the fact that X-ray detectors require an X-ray generator. What’s even more worrying, perhaps, is that most of the novelty value of the device lies in provoking the object of the wearer’s attentions.

Human coexistence with dinosaurs

In many works of fantastic fiction, a degree of playfulness is often adopted when it comes to portraying time and history. But playfulness gives way to downright audacity in films such as One Million Years BC, in which American actress Raquel Welch roams the ancient Earth with dinosaurs and incredibly ahistorical events occur, such as an allosaurus attacking a kid up a tree. This kind of thing goes back to the days of Jules Verne’s 1864 book Journey to the Centre of the Earth, which describes a journey through the mouth of a dormant volcano, leading to a hollow Earth populated by a teeming variety of prehistoric creatures that have somehow survived for millennia. As with Edgar Rice Burroughs’s The Land That Time Forgot, there is much of this “lost worlds” mythology in the continuing belief in abominable snowmen and Loch Ness monsters. I once had a driving instructor who told me that he believed scientists were using up so much of the (hollow) Earth’s meager resources that eventually it would float off, out of the solar system altogether.

Black holes: gateway to another universe

You know the theory of black holes, right? Regions of space, theoretically formed by the collapse of a star, in which gravity is so strong that even light cannot escape its pull. Some see them as fact, and yet black holes are also regularly listed in encyclopedias of pseudoscience. For example, to quote William Williams’s Encyclopaedia of Pseudoscience (2000), “[a black hole] is a theoretical construct, a hypothesis; there is no direct evidence of one’s existence.” And Martin Gardner says in his 1989 book Science, Good, Bad, and Bogus, “Today black holes are the fashionable playthings of clever astrophysicists. Tomorrow their models may collapse to take their place alongside Phlogiston and the epicycles of Ptolemy.” Sci-fi writers go mad for black holes, of course, as they’re often taken to represent an opening into another universe, such as in Joe Haldeman’s Forever War (1974) and Frederick Pohl’s Gateway (1978). But, famously, US astrophysicist and erstwhile science fiction writer Carl Sagan sought expert advice of black hole expert, and later a Nobel Prize winner, Kip Thorne before making the film version of Sagan’s Contact (1997). Thorne’s advice: black holes might be dangerous; use a wormhole instead. Still, the idea persists in the public imagination.

ESP

ESP is an acronym for extrasensory perception, which was popularized by science fiction for many decades in the early twentieth century. The sci-fi tales tried to repackage folkloristic notions of “second sight” or a “sixth sense” into a more scientific story. The use of the term ESP varies but may be taken to include clairvoyance, telepathy, and precognition. A common science fictional notion is that new powers of ESP might be developed in the course of man’s future evolution. Such concepts were used, for instance, in Steven Spielberg’s adaptation of Philip K. Dick’s Minority Report (2002), in which so-called “precogs” were used to divine, and thereby prevent, future crimes.

We are actually living in The Matrix

After all, it was science fiction that first invented not only the idea of the matrix as a kind of shared virtual reality, but also the concepts of “cyberspace” and “virtual reality” themselves, such as in William Gibson’s famous novel Neuromancer (1984). The concept is one among many variations on the theme of parallel worlds, the idea that another world/universe is situated “alongside” our own, and one that is still very prevalent in the public imagination. This situation is not helped by so-called science fact magazines engaging in clickbait articles so highly speculative they might as well be sci-fi. For example, an October 2017 issue of New Scientist ran a major piece titled “We can’t ever know whether or not our universe is a simulation.” Then why write about it?

Conspiracy theories

These can be many and varied but usually revolve around the assumption that shifty (corporate) scientists are involved in a conspiratorial cover-up of a scientific discovery of classified and earth-shattering importance and/or usefulness. Examples may include the deliberate corporate suppression of technology such as the invention of flying cars (or cars that will run on far cheaper fuel) or the paranoia associated with the likes of “Area 51” with its alleged containment of magical and mysterious alien technologies, which also no doubt begat the likes of the popular Netflix series Stranger Things (2016).

Advanced ancient (alien) civilizations

Speaking of magical and mysterious alien technologies, there’s also a commonly held notion that on Earth, or other planets, ancient civilizations were either (a) advanced due to alien intervention, or (b) exterminated by natural catastrophe. Examples would include Eric von Daniken’s science fictional Chariots of the Gods and the repeated speculation of ancient alien civilizations on other planets (e.g., the face on Mars). Though an unintended consequence, the flurry of pseudoscientific alien tech books of the 1970s had their origin in Kubrick’s 2001: A Space Odyssey, where elusive aliens help pathetic humans up the next rung of the comic evolutionary ladder.

AI: Artificial Intelligence

Kubrick’s science fiction also had a huge influence on the last of our pseudoscience that the public thinks is fact: AI, or the creation of sentient life that is not human, now usually described in terms of computer systems, robots, or androids. AI often takes the form of a neural network that learns from its environment, eventually developing into a self-aware system. Frankenstein-like, AIs often then turn on their masters. Classic examples include the logically harrowing voice of computer HAL in Kubrick’s 2001 and the corporate automaton, Ash, in Ridley Scott’s Alien. On a personal level, I have actually seen my (ex-) mother-in-law argue with my Toyota’s on-board navigation system, believing it capable of intelligent response.





THE BACHELOR PARTY CORROSION AND RICHARD FEYNMAN: SMARTER THAN SHELDON COOPER

In “The Bachelor Party Corrosion,” Season 9, Episode 3, the friends talk of their physics hero, Richard Feynman.
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“I have a friend who’s an artist and has sometimes taken a view which I don’t agree with very well. He’ll hold up a flower and say, “Look how beautiful it is,” and I’ll agree. Then he says, “I as an artist can see how beautiful this is, but you as a scientist take this all apart and it becomes a dull thing,” and I think that he’s kind of nutty. First of all, the beauty that he sees is available to other people and to me too, I believe. Although I may not be quite as refined aesthetically as he is . . . I can appreciate the beauty of a flower. At the same time, I see much more about the flower than he sees. I could imagine the cells in there, the complicated actions inside, which also have a beauty. I mean it’s not just beauty at this dimension, at one centimeter; there’s also beauty at smaller dimensions, the inner structure, also the processes. The fact that the colors in the flower evolved in order to attract insects to pollinate it is interesting; it means that insects can see the color. It adds a question: does this aesthetic sense also exist in the lower forms? Why is it aesthetic? All kinds of interesting questions which the science knowledge only adds to the excitement, the mystery and the awe of a flower. It only adds. I don’t understand how it subtracts.”

—Richard Feynman in the BBC documentary The Pleasure of Finding Things Out (1981)

We Are All Connected

According to American pop artist Andy Warhol, “in the future, everyone will be world-famous for fifteen minutes.” And so it seems to have passed. These are the days of feather-brained video amusements for those with the attention spans of a goldfish. Those shot to Warholian YouTube fame are not necessarily the brightest stars: The Ally McBeal dancing baby, the “Charlie bit my finger” siblings, and Fatso the cat showing off his keyboard skills (though this last example is admittedly very funny), to name but three.

And yet, among all the keyboard cats and biting babies, there is well-hidden treasure. Witness the Symphony of Science video, We Are All Connected. As a tribute to some of the great minds of science, the video’s mission is to spread the philosophy of science through the medium of music. The film was made from sampling, among other things, Carl Sagan’s flagship 1980 TV series Cosmos, Neil deGrasse Tyson’s cosmic sermon, and clips of one of the twentieth century’s greatest science communicators, theoretical physicist Richard Feynman.

We Are All Connected begins with a shot of Feynman playing the bongos. Then, within the first twenty seconds of the video, we see Feynman holding court on the question of the understanding of nature, with a beaming smile as he infectiously declares, “I think nature’s imagination/Is so much greater than man’s/She’s never going to let us . . . relax.” And again, later in the video and still beaming, “There’s this tremendous mess/Of waves all over in space/Which is the light bouncing around the room/And going from one thing to the other/And it’s all really there/But you gotta stop and think about it/About the complexity, to really get the pleasure/And it’s all really there/The inconceivable nature of nature.”

The clips of Feynman come from an original documentary made for the BBC in the early 1980s. The film features the late Nobel Prize-winning professor extolling the wonders of science contained within, for example, a simple flower. Feynman held that a flower had beauty not only in its appearance, but also in its biological structure. As Carl Sagan said on Cosmos and in We Are All Connected, “The beauty of a living thing is not the atoms that go into it, but the way those atoms are put together.” The flower has also evolved the colors that best attract insects to pollinate it. And these observations, Feynman suggested, lead us to ask further questions about the insects and their perception of the world.

For Feynman, the science doesn’t detract from the beauty of nature. It adds to it, enhancing the excitement, mystery, and awe of the flower. Indeed, Feynman’s view is one that British evolutionary biologist Richard Dawkins was to take up in his 1998 book, Unweaving the Rainbow, in which Dawkins’s agenda was also to show that science does not destroy, but rather discovers poetry in the patterns of nature: “The feeling of awed wonder that science can give us is one of the highest experiences of which the human psyche is capable. It is a deep aesthetic passion to rank with the finest that music and poetry can deliver. It is truly one of the things that make life worth living and it does so, if anything, more effectively if it convinces us that the time we have for living is quite finite.”

The famous BBC Feynman interviews were originally recorded by producer Christopher Sykes in 1981 for an episode of Horizon titled The Pleasure of Finding Things Out. When the program was rebroadcast in 1982, it was a huge and surprise hit, with viewers charmed by this famous silver-haired professor speaking easily and openly about his life and philosophy in science. Now, thanks to the better aspects of Warholian YouTube fame, this brilliant physicist and supremely inspiring communicator can be rediscovered by a whole new audience. His was a life replete with cutting-edge science and quirky comments and was one lived to the fullest.

A Legend in the Making

A few glimpses of the becoming of a legend. At the age of ten, Feynman already had his own laboratory at home. A few years later, he was employing his sister Joan as an assistant at a wage of four cents a week! In his final year of high school, Feynman won the New York University Mathematics Championship. What most stunned the judges was not simply his score, but the margin by which it was so much higher than all other competitors. And the work in physics Feynman did in his late twenties at Cornell University polished off a theory that remains the most successful law of nature discovered.

After graduating from MIT in 1939, Feynman got perfect marks in math and physics entrance tests for the graduate school at Princeton University, an unprecedented feat. Given there was no physicist on the planet who could match his exuberant command over the physical sciences, he was recruited to the Manhattan Project, the R&D tech project during World War II that created the planet’s first nuclear weapons.

Along with some of the best brains in twentieth-century physics, Feynman went to work on building an atom bomb to use against Hitler’s Germany. Hopefully, that was, before Hitler managed to build a similar bomb to use against the Allies. Legend has it that security at the Project’s top-secret labs in Los Alamos was at the highest level. But for Feynman, a born iconoclast, such security was fair game, simply another challenge to be mastered. So, when not doing math and physics equations, he spent his waking hours lock picking and safe cracking to highlight inadequacies in the military security systems. As Feynman explained after the war, he simply saw safes and locks in the same way he saw science, merely another puzzle to solve. Feynman had such a reputation for safe cracking that other scientists at the lab would approach him when a colleague was off-base and they needed a document from his safe.

And yet the Manhattan Project didn’t end well for Feynman. The Project’s bombs were dropped on Japan, killing and injuring hundreds of thousands of people. Feynman felt shocked. His rationale for applying physics to the war effort had been to stop Hitler, not to use his research against Japanese civilians. And so Feynman felt a new experience: he began to question the value of physics, and, certain that the world would soon end in nuclear annihilation, he became a party animal. He was an adept womanizer, not just dating undergraduates, but also chilling with showgirls and prostitutes in Las Vegas. In Surely You’re Joking, Mr. Feynman!, the famous book of anecdotes about his life, he tells how he applied the scientific method to chatting up women. Having assumed, as most men do, that you started by offering to buy women a drink, Feynman explains how he changed tack one summer after a conversation with a master of ceremonies at a nightclub in Albuquerque. To his sheer delight, Feynman’s aloof persona proved far more successful than behaving like a true gent. (Incidentally, later in his life while at Caltech, he once more began going to a local strip club, where he would silently work out his theories on napkins—the ideal place, he said, in which to clear his head.) In those wilderness years, Feynman’s other passion was for playing the bongos, which stayed with him for the rest of his life, and which is why he’s seen playing them in the We Are All Connected video.

A Nobel Prize-Winning Communicator

Science had slipped down Feynman’s totem pole of priorities, but not for long. One day at Cornell, he fixed upon a new problem. On seeing a student toss a plate into the air at lunchtime and witness it fall to the cafeteria floor, Feynman was fascinated by the fact that the plate rotated faster than it wobbled, and he began to think about the relationship between these two motions.

And so it was that Feynman strayed into British physicist Paul Dirac’s field theory of Quantum Electrodynamics (QED), a theory that had tried to make sense of the quantum world but had asked as many questions as it had answered. Applying his customary deep insight now into QED, Feynman created an entirely new branch of math, which involved drawing tiny pictures instead of composing equations. To this day, his pictures are still used across the globe. They model many things in science, from the quirky behavior of the quantum world, to the rotations and revolutions of planets, to the evolution of gargantuan galaxies and the very structure of the cosmos itself. The application of this new branch of math to QED is the reason that Feynman came up with a solution that would win him a share of the 1965 Nobel Prize for Physics. Over fifty years later, QED is still science’s most sophisticated theory of everything in the cosmos, except gravity.

Finally, there’s his talent as a science communicator, which also contributed to Feynman’s fame. Back in the early 1960s, Cornell invited him to present a program of public talks on physics. The public found the lectures charming and Feynman charismatic. In recognition of this unique impact, in 1965, Caltech asked Feynman to rewrite their physics program. The upshot was the Feynman Lectures on Physics. It took three years to create, and the associated texts are still the last word on the history of physics.

Richard Feynman took enormous pleasure in exploring life and everything it had to offer. Not only that, but he also took enormous pleasure in telling other people about it. He stands as the true antithesis of the often-tired caricature of the scientist we see on television. And should you wish to witness firsthand what so many people have described as their “time with Feynman,” go see the true bright star of Warholian YouTube fame.





THE DUMPLING DECOUPLING: SHELDON AND DOCTOR WHO

In “The Dumpling Decoupling,” Season 1, Episode 7, Sheldon exposes his infatuation with The Doctor.
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“Calling all monsters, I’ve come here to stop ya,

Err, excuse me who are you? I’m the Doctor! . . . Who?

The one that exterminates Daleks,

And travels through time and space in a TARDIS,

What? My Grand-daughter gave it the name,

It’s a Time And Relative Dimension In Space!

And you might be amazed if you come on a ride,

Because it looks little but its bigger on the inside!

—Jon Chase a.k.a. Oort Kuiper, The Doctor Rap, YouTube (2013)

“So let’s start with a quick introduction/To the longest running science fiction show on television

First up, let me dispense with one main assumption/The Doctor’s the man and Doctor Who’s the production

Doctor Who came in sixty three/When the program was aired by the BBC

And as everybody huddled around the TV/They never thought it would last for half a century

An old man in a Police box, slightly off key/The classic mad doctor, with a lot to see

And soon we would learn about his mysteries/As he traversed the universes histories”

—Jon Chase a.k.a. Oort Kuiper, The Doctor Rap, YouTube (2013)

Doctor Who

As someone who has toured in Europe with a Science of Doctor Who roadshow, I’d say Sheldon’s Doctor Who obsession is understandable. We (my colleague Jon Chase and I) used to start our show with this fascinating question: why is it that a fifty-year-old British science fiction television program about a thousands-years-old alien with two hearts, who hails from a fictional planet called Gallifrey and travels through time and space in a wooden box, tells us more than most things today about what it’s like to be human in the early twenty-first century? It’s a good question, and one worth pondering over, through the eyes of Sheldon.

Sheldon is no doubt aware that, as superhero lists go, The Doctor is often neglected. Consider his credentials: a humanoid Time Lord from the planet Gallifrey who’s able to navigate through time and space using an internally vast time machine. He also famously has two hearts, a mega-intellect, is able to go without air, is telepathic, and occasionally shows a superhero level of stamina (at least when played by younger actors)!

But what really makes The Doctor perhaps perfect for someone like Sheldon is encapsulated in this quote from Steven Moffat, previous writer and producer of Doctor Who: “A lot of our heroes depress me. But you know, when they made this particular hero, they didn’t give him a gun, they gave him a screwdriver to fix things. They didn’t give him a tank or a warship or an X-wing fighter, they gave him a call box from which you can call for help. And they didn’t give him a superpower or pointy ears or a heat ray . . . they gave him two hearts. And that’s an extraordinary thing. There will never come a time when we don’t need a hero like The Doctor.”

Google a definition of superhero, and you’ll get a reply something like: a superhero is a character with extraordinary or superhuman powers and is dedicated to protecting the public. The reply may also specify that the definition of superhero embraces any kind of fiction or fantasy crime-fighting character.

Based on such working definitions, The Doctor certainly fits the bill. He compares well with “natural” superheroes like Superman, another humanoid-alien with a huge intellect, though Superman is a lot more modest about his brainpower than The Doctor. Superman also travels at great speeds, though he admittedly does so without the tech of the TARDIS. The Doctor also compares favorably with tech-enhanced superheroes such as Batman and Iron Man. Both of these billionaires are equipped with pricey, state-of-the-art tech, often made in-house, with the tech making up an important part of their superhero status. It’s a similar set-up with The Doctor. Though he may not be included on the Forbes Rich List, he’s often found in the depths of the TARDIS (the ultimate piece of AI/spacetime-traveling hardware) tinkering away with tech, such as the sonic screwdriver, or tweaking the mercurial fluid links and the Artron energy residues of the TARDIS engines themselves.

Respawn

Like many of the characters in video games these days, The Doctor can regenerate, or respawn. In video games, respawning is the recreation of a character after its death or destruction, perhaps after losing one of its lives. The idea goes back to the game Doom, made in the early 1990s. And yet, the idea of The Doctor respawning was first used by the BBC in 1966. Since then, as The Doctor Rap puts it, “He made many enemies, and saved many nations, To brave space-time with his faithful companions, And if it seems death is his next destination, He makes like a phoenix with a regeneration.” Here’s the kind of question Sheldon might pose at a Who Con: “What do all these things have in common: you’re wearing a bit thin; you’re forced to change the way you look by court order; you’ve been poisoned by radiation; you fell from a great height; you absorbed time vortex energy; or you simply got to old age.” Yep, that’s right, Sheldon would reply: they’re all reasons why The Doctor regenerated.

The ability to regenerate was a stroke of genius from the BBC, back in 1966. They decided that The Doctor, like other Time Lords, can delay his death. Regeneration allows him to rejuvenate every cell in his body and totally change the way he/she looks from time to time. It’s an ingenious idea for a TV program, and it’s probably the most important reason that Doctor Who has kept going for over fifty years. After all, how else would you be able to keep the same central character over all those decades?

(By the way, Sheldon is no doubt aware that science has only recently discovered that humans do their own miniregeneration. Whatever your age, your body is actually many years younger. In fact, even if you’re middle-aged like Sheldon, most of your body may be just ten years old, or less. Most bodily tissue is under constant renewal. Sheldon knows that this way of thinking about the age of human cells has been invented by Swedish Professor Jonas Frisén, who believes the average age of all the cells in an adult’s body may turn out to be as young as seven to ten years. We’re regenerating! Professor Frisén’s research suggests that cells from the muscles of the ribs, taken from people in their late thirties, have an average age of fifteen years. And his method is down to estimating how long cells actually last. The average age of the cells in the main body of the human gut is about sixteen years. The red blood cells last only 120 days. And an adult liver probably has a turnover time of between 300 and 500 days. In fact, 98 percent of atoms in the human body are replaced yearly, and the entire human skeleton is thought to be replaced every ten years or so in adults!)

That Problem with the Couples Costumes Venn Diagram

However, some commentators have called into question Sheldon’s true knowledge of The Doctor, especially in light of scenes from the episode “The Holographic Excitation.” In the episode, Raj helps Stuart with the usual Halloween party at the comic book store, as Sheldon and Amy debate their couples Halloween costumes. At first, Sheldon surprises Amy by agreeing to go in a couples costume at all, because that is one of the great advantages of being in a relationship. Then, and in typical nerdy fashion so as to aid clarity of discussion, Sheldon makes a couples costume Venn diagram on the apartment whiteboard. The diagram include one set titled “Couples I Like,” meaning Sheldon’s preference, and another set titled “Couples You Like,” listing Amy’s favorites.

Amy’s list is suitably romantic, including Romeo and Juliet, Anthony and Cleopatra, and even Cinderella and Prince Charming. Meanwhile, Sheldon’s preference list is something of a nerdfest, with R2-D2 and C-3PO, Arthur Dent and Ford Prefect (from The Hitchhiker’s Guide to the Galaxy), and Batman and Robin. But the crunch comes with Sheldon’s mysterious coupling of “The Doctor and a Dalek.” Given the rest of the couples list clearly conveys dynamic duos and perfect partnerships, what exactly is Sheldon up to when he includes a Dalek as The Doctor’s companion on his list?

You merely have to consider a single quote from the Tenth Doctor, from the Doctor Who episode “Daleks in Manhattan,” to know how The Doctor feels about Daleks: “It’s called a Dalek. And it’s not just metal, it’s alive. . . . Inside that shell is a creature born to hate, whose only thought is to destroy everything and everyone that isn’t a Dalek, too. It won’t stop until it’s killed every human being alive.” Or consider this quote from Dalek supremo Davros, from the storyline Genesis of the Daleks: “Today, the Kaled race is ended, consumed in a fire of war. But from its ashes will rise a new race. The supreme creature, the ultimate conqueror of the universe, the Dalek! You [Doctor] have a weakness that I have totally eliminated from the minds of the Daleks so they will always be superior. A weakness that will make you give me the knowledge to change the future. You are afflicted with a conscience.”

So, given it’s clear the Daleks are Nazis living inside a robot shell, the only solution that makes any sense is that Sheldon knows The Doctor’s perfect companion is not a Dalek, but that these hysterical and annihilating cyborgs are a perfect choice for Halloween!





THE MYSTERY DATE OBSERVATION: THE UNLIKELY DATING HABITS OF EGGHEADS

In “The Mystery Date Observation,” Season 9, Episode 8, we begin to wonder about the dating lives of eggheads like Sheldon.

[image: image]

“Homer, in the second book of the Iliad, says with fine enthusiasm, ‘Give me masturbation or give me death.’ Caesar, in his Commentaries, says, ‘To the lonely it is company; to the forsaken it is a friend; to the aged and to the impotent it is a benefactor. They that are penniless are yet rich, in that they still have this majestic diversion.’ In another place this experienced observer has said, ‘There are times when I prefer it to sodomy.’ Robinson Crusoe says, ‘I cannot describe what I owe to this gentle art.’ Queen Elizabeth said, ‘It is the bulwark of virginity.’ Cetewayo, the Zulu hero, remarked, ‘A jerk in the hand is worth two in the bush.’ The immortal Franklin has said, ‘Masturbation is the best policy.’ Michelangelo and all of the other old masters—‘old masters,’ I will remark, is an abbreviation, a contraction—have used similar language. Michelangelo said to Pope Julius II, ‘Self-negation is noble, self-culture beneficent, self-possession is manly, but to the truly great and inspiring soul they are poor and tame compared with self-abuse.’ Mr. Brown, here, in one of his latest and most graceful poems, refers to it in an eloquent line which is destined to live to the end of time—‘None knows it but to love it; none name it but to praise.’”

—Mark Twain, Some Thoughts on the Science of Onanism (1879)

The Shakespeare of Science Fiction Smelled of Walnuts and Honey

“The Mystery Date Observation” episode, along with many others, really does make you wonder about the dating lives of eggheads like Sheldon. But to what extent is Sheldon’s love life representative of the scientific intelligentsia? Are the tales of Dr. Cooper too far-fetched, or does real life have stories up its sleeve that are stranger still? Consider three fascinating cases from the history of science. Not only do eggheads have tempestuous affairs, but their sexual predilections lead to surprising scientific results.

One of the world’s greatest sci-fi writers and science thinkers, H. G. Wells, was born over 150 years ago. He’s known as the author of such influential works as The Time Machine and The War of the Worlds, which blended popular tale telling with a sharp eye for emerging scientific trends. Wells’s books set the template for a century of the science fiction genre. He was also a major science guru of his time, writing more than one hundred books of essays, world history, and futurology. But what’s not so well known is that Wells was also a tireless practitioner of “free love.”

Wells’s written work on equality and human rights informed the Universal Declaration of Human Rights, which was adopted by the United Nations shortly after his death. And yet Wells also wrote, “I have done what I pleased, so that every bit of sexual impulse in me has expressed itself. I am a very immoral person. I have preyed on people who loved me.” Wells lived the life of a futurist. Wells’s love-life must be seen against a backdrop of an Edwardian society, which held to the belief that people should know their place and be bound by it. But Wells seemed to have the smack of the Time Traveler from his Time Machine about him. A Time Traveler beamed into the present from a more permissive future to catalyze the course of a prudish society. “If the world does not please you, you can change it,” Wells declared in his novel The History of Mr. Polly, “determine to alter it at any price, and you can change it altogether.”

The man who predicted, among other inventions, nuclear weapons, mass surveillance, and a worldwide web of knowledge (which would allow people to examine any document in their own homes) was equally forward-looking in his personal life. In a respectable Britain where careers could be ruined by mere rumors of promiscuity, Wells preached and practiced the kind of profligacy that wouldn’t become acceptable until the 1960s. His diaries show he had dreamed since adolescence of encounters with “free, ambitious, self-reliant women who would mate with me and go their way,” and, after a first marriage of sexual incompatibility, he set out to turn the dream into reality.

Describing himself in his diaries as “the Don Juan of the intelligentsia,” Wells had a string of affairs that came dangerously close to public scandal. They led to some close shaves with injured parties, including being beaten up at London Paddington train station, being stalked out of a gentleman’s club at the point of a loaded pistol, and engaging in such energetic sex it resulted in the breaking of a hotel bed, twice.

Known to lecture casual lovers on philology (no, it’s not a sexual act; look it up), and the dynamics of London’s Cockney dialect, while naked, Wells had some affairs that were more durable. For example, he had a lengthy entanglement with author Rebecca West. They met when Wells was in his midforties and West was a mere twenty-one. West later revealed her lover’s secret: “He smelt of walnuts, and frisked like a nice animal.” Late in life, Wells became obsessed with the mysterious Moura, Baroness Budberg, a Ukrainian adventuress, known to Lenin and Stalin, who may well have been a Soviet double agent. While it was possible that she was reporting on her literary lover to the Russians, she ascribed Wells’s attractiveness to the fact that his body smelled of honey. And yet, Wells was never ashamed by the sex rumors that swirled around his private life. He simply quipped that “sex is as necessary as fresh air, and moral indignation jealousy with a halo.”

The Professor and the Cabaret Dancer

Now consider the curious case of Wolfgang Pauli, an Austrian-born Nobel Prize-winning physicist and one of the pioneers of quantum physics. At the age of twenty-one, Pauli wrote a review of Einstein’s theory of general relativity, a review that is still a standard reference today. Pauli’s Exclusion Principle, which says that no two electrons in an atom can be at the same time in the same state, is the basis of the modern theory of the structure of matter. Pauli even postulated the existence of the neutrino, which was later confirmed in his lifetime. But Pauli also had a reputation for accidentally breaking experimental equipment, which was dubbed The Pauli Effect, and had a long correspondence with Carl Gustav Jung, the famous Swiss psychoanalyst, and given Pauli’s love life, maybe it’s easy to see why.

In the 1920s, Pauli had first come up with his famous principle while in Hamburg, as a night owl, visiting the red-light district and having all kinds of hijinks, then showing up very late in the lab in the mornings and thinking very deeply about electron jumps. Tired of loveless sex, Pauli then married Käthe Deppner, his stunning new cabaret dancer wife. But the marriage didn’t last. Pauli’s days of pleasure were abruptly halted. Deppner had been seeing someone when she and Pauli had met and continued the affair after the marriage. Within a year, the couple divorced. Deppner ran off with the other guy. But Pauli’s famous quoted reaction to the episode reflects the antagonism between different fields of science. Pauli was not just hurt by the fact that his marriage had fallen apart (he jokingly admitted he was married only in a “loose way”), but by his ex-wife’s choice of man. Deppner had left Pauli for a chemist, of all things, and not a very good one at that. Pauli loudly protested to his friends, “Had she taken a bullfighter I would have understood—with such a man I could not compete—but a chemist—such an average chemist!”

Love Thyself

We have to travel back to the “anything goes” days of medieval science to find the most exceptional surprises. Englishman Robert Hooke was an architect, a polymath, and a physicist rivaling the stature of Isaac Newton. History allowed Hooke a reputation for scrupulous honesty and hard work, which included being the Surveyor to the City of London after the Great Fire in 1666.

As Hooke was a bachelor-academic who lived an allegedly cerebral and monastic life in his lodgings at London’s Gresham College, it was always assumed he had few emotional or physical interests. Until, that is, his diaries were finally published in the 1930s and shined a dramatically different light on Hooke’s private life. The diaries revealed, with his customary scrupulous honesty and reasonably hard work, that this private man regularly had sex with a series of servant girls at the College. Not only that, but Hooke recorded the details of lovers (Doll Lord, Nell Young, Betty Orchard, and so on) in his “warts and all” diary, so that a pretty typical entry would read, “Played with Nell - [image: image]. Hurt small of back.” ([image: image] was the symbol Hooke used in his diary to signify one or more orgasms. While the symbol may not have actually been [image: image], I hope you get the drift.) Hooke also regularly had sessions with Grace Hooke, his teenage niece and ward (witness the enigmatic diary entry for January 16, 1677, “Grace [image: image], paid me 1sh.”). Indeed, Hooke’s diary develops into an archive of his masturbations, unless his diligent recording of every orgasm failed to include a partner on each and every occasion. The story of Hooke’s hidden diary for hundreds of years shows the danger of assuming that the outward public demeanor of eggheads implies an absence of private passions.

And yet Hooke’s tale doesn’t end there. Semen research was in the ether, in a manner of speaking. The contemporary enthusiasm for masturbation was taken one step further by Dutch businessman and scientist Antonie van Leeuwenhoek. In this golden age of Dutch science and technology, Leeuwenhoek became best known for his pioneering work in microscopy and for his contributions toward the establishment of microbiology. He was famously recognized in the 1670s for his explorations of microbial life with the microscope. Blood cells, capillary circulation, single-celled creatures, bacteria, microscopic worms: Leeuwenhoek found them all. Most famously, and potentially perhaps most scandalously, was what our Dutch diviner discovered in his own ejaculate in 1677.

Leeuwenhoek described the human spermatozoon. In a letter dated November 1677, and addressed to Lord Brounker, secretary of The Royal Society in London, Leeuwenhoek mentioned that he had observed a multitude of “small animals,” which he named “animalcules”: “I had observed enough material coming from a sick person . . . but also from a healthy one, immediately after ejaculation.” Yes, Leeuwenhoek became the first to spy those vital little swimmers live, and in action. What’s more, he came up with the fertilization theory of reproduction: a revolution from the commonly held theory of the time, which held that life merely sort of happened if the conditions were right. It seems that the countless little creatures beneath his lens worried Leeuwenhoek. With considerable courage, he recorded his observations and presented his findings to the Royal Society, with the following disclaimer: “What I investigate is only what, without sinfully defiling myself, remains as a residue after conjugal coitus. If your Lordship should consider that these observations may disgust or scandalize, regard them as private and to publish or destroy them as your Lordship thinks fit.”

Leeuwenhoek changed the opinion of the feeble-minded. The church’s position on procreation at the time was naturally entrenched in the so-called “spontaneous generation of life” camp. The pious Leeuwenhoek avoided direct confrontation with the church, always wise in those days, by saying sperm was just another example of God’s glory, though admittedly prudes could easily have taken this proclamation badly. And yet the church accepted this compromise and adopted the concept that every living thing comes from another living thing.

Leeuwenhoek’s Royal Society disclaimer and negotiation with the church notwithstanding, analyses of ejaculates became the order of the day. Rather than the Royal Society considering the matter repugnant or scandalous, they positively encouraged Leeuwenhoek to carry out more research. Secretary Brounker told him to repeat his observations on the sperm of various quadrupeds. On March 18, 1678, Leeuwenhoek told his correspondent that he had noticed a number of “animalcules” in the semen of dogs and rabbits and he was expecting to find them in all male animals. Leeuwenhoek’s “animalcule” became so fashionable that those in high society, wealthy enough to buy the necessary equipment, found great amusement in observing their own “animalcules” under the microscope.

One final word on his famous “animalcules” from Leeuwenhoek himself: “Several times, already, disputations were made to me regarding the fact that it is my imagination that extraordinarily small living beings exist, which are invisible to the bare eye and which can only be seen with the help of special magnifiers or telescopes. . . . For my part, although I have conducted research in this direction, it was not possible to see animalcules moving in air so large as to observe them with bare eyes.” Perhaps that’s just as well.





THE EARWORM REVERBERATION, REVISITED: THE IDIOSYNCRASIES OF SCIENTISTS

In “The Earworm Reverberation,” Season 9, Episode 10, Sheldon says there’s a rich vein of fascinating characters in the history of science. And he’s right.

[image: image]

“Imagine a young Isaac Newton time-traveling from 1670s England to teach Harvard undergrads in 2017. After the time-jump, Newton still has an obsessive, paranoid personality, with Asperger’s syndrome, a bad stutter, unstable moods, and episodes of psychotic mania and depression. . . . Newton also wants to publish Philosophiæ Naturalis Principia Mathematica, to explain the laws of motion governing the universe. But his literary agent explains that he can’t get a decent book deal until Newton builds his ‘author platform’ to include at least 20k Twitter followers—without provoking any backlash for airing his eccentric views on ancient Greek alchemy, Biblical cryptography, fiat currency, Jewish mysticism, or how to predict the exact date of the Apocalypse. Newton wouldn’t last long as a ‘public intellectual’ in modern American culture. Sooner or later, he would say ‘offensive’ things that get reported to Harvard and that get picked up by mainstream media as moral-outrage clickbait. His eccentric, ornery awkwardness would lead to swift expulsion from academia, social media, and publishing. Result? On the upside, he’d drive some traffic through HuffPost, Buzzfeed, and Jezebel, and people would have a fresh controversy to virtue-signal about on Facebook. On the downside, we wouldn’t have Newton’s Laws of Motion.”

—Geoffrey Miller, The Neurodiversity Case for Free Speech (2017)

“I look at the world and I see absurdity all around me. People do strange things constantly, to the point that, for the most part, we manage not to see it. That’s why I love coffee shops and public places—I mean, they’re all out there.”

—David Lynch, Lynch on Lynch (2005)

Mad Hatter: “Do you think I’ve gone round the bend?”

Alice: “I’m afraid so. You’re mad, bonkers, completely off your head. But I’ll tell you a secret. All the best people are.”

—Lewis Carroll, Alice’s Adventures in Wonderland (1872)

Pythagoras: The Movie

As Sheldon suggests in “The Earworm Reverberation,” there’s a rich vein of fascinating characters in the history of science. Take, for starters, Greek thinker Pythagoras. Forget about his dreaded theorem. Understandably, you may have been tormented by his triangle during your schooldays, but there is so much more to the man and, more important, the influence of his Pythagorean Brotherhood. The very word philosophy is Pythagorean in origin. When we use the word harmony in its wider sense, when we call numbers “figures,” we speak the tongue of the Brotherhood. And their approach was epoch-making; through their application of mathematics to the human experience, they were founders of what the world understands today as science.

And yet the Pythagoreans were also unusual in their time. Pythagoras himself was born sometime between 580 and 572 BC on the Greek island of Samos. Set in the North Aegean Sea, Samos is close to Miletus, an ancient city on the western coast of what is now Turkey. Miletus was a seat of considerable learning that produced notable ancient philosophers such as Thales and the atheist Anaximander, the teacher of Pythagoras. The Brotherhood that bore the name of Pythagoras was to have a massive influence on Greek thought, particularly through its most prominent exponents, Plato and Aristotle.

Pythagoras seems to have been the first to call himself a philosopher, a lover of wisdom. Around 530 BC, he migrated south from Samos to Croton, in southern Italy, and founded a secret philosophic and religious school. His reputation must have preceded him, for soon after his arrival, the Brotherhood ruled the town. They went on to dominate a major part of Magna Grecia, Greater Greece, the area in southern Italy and Sicily that was colonized by Greek settlers from the eighth century BC, and brought with them an enduring stamp of their civilization.

Since very little is known about Pythagoras himself (none of his writings survived), it is impossible to say whether a specific detail of the Pythagorean worldview was the work of Pythagoras himself or that of one of the Brotherhood. Many of the teachings associated with Pythagoras may actually have been those of his peers or successors. And that’s just how it should be. For many regard Pythagoreanism as the first expression of collective, democratic thought. Women were given the same opportunity to study as Pythagoreans, though they were also encouraged to learn practical domestic skills in addition to philosophy, being held to be different from men, in good ways as well as bad.

But what about the irrational fear of beans? The story is more than likely false. In those days in ancient Greece, beans were used in casting votes by ballot. White beans for “yes” and black ones for “no,” so when Pythagoras is alleged to have said to abstain from beans, he was not referring to beans as an item of diet, for he ate them himself. Rather, and what his followers already understood, he meant people should abstain from the intrigues of politics, as politics was antagonistic to the pursuits of a philosopher. He may also have been subtly warning of the dangers of criticizing a popular government.

Empedocles’s Shoe

Another ancient Greek thinker that Sheldon mentions is Empedocles. Like Sheldon, Empedocles had something of an ego issue. If you’ve ever heard of the four classical elements of earth, air, fire, and water, then you’re witness to the work of Empedocles, who’s said to have lived between the years of 490 and 430 BC. Empedocles was ambitious. So ambitious, in fact, that he was a kind of ancient Darwin. The elemental speculations of Empedocles included the idea of a cyclical universe. And he tried to forge nothing less than a theory of everything. His worldview explained the separation of elements, the formation of earth and sea, of sun and moon, and of atmosphere. But his ambition also led to his attempt to account for the biogenesis of plants and animals, and the physiology of humans. His account may look a little curious to us now but makes for a fascinating read and is clearly another crude but quirky anticipation of what came to be known, thousands of years later, as Darwin’s theory of natural selection.

According to Empedocles, as the elements combined, there first arose strange results: heads without necks, arms with no shoulders. Next, as these mere scraps of anatomy met, horned heads on human bodies emerged. So too developed bodies of oxen with human heads, and creatures of double sex. But largely, these creepy creatures of natural forces perished as suddenly as they arose.

Far more rarely, odds and ends of anatomy adapted to one another, and more complicated creatures carried on. So was the organic universe made, sprung from spontaneous aggregations. The beings produced in this way suited one another, as if this had been intended. In time, various influences reduced the creatures of double sex to a male and a female. Bingo, said Empedocles, the world was replenished with organic life. We can witness the ballpark Darwinism in this cosmogony of Empedocles, based as it is on the combining of his beloved elements.

But what of the story Sheldon tells, where “Empedocles thought he was a god and jumped into a volcanoone”? The story comes from Diogenes Laërtius, a third-century biographer of the ancient Greek philosophers. His enduring passion for the elements seems to have followed Empedocles to the grave. Diogenes Laërtius reported the legend that Empedocles died by throwing himself into Mount Etna in Sicily, so that his followers would believe his body had vanished and he had been reincarnated as a god. Sadly, mother nature played a trick on the egotistical Empedocles. Etna was an active volcano at the time and spewed back one of his bronze sandals, revealing the philosopher’s deceit.

The Pigeon Fancier

Sheldon also name-checks Tesla, who “fell madly in love with a pigeon who he claimed loved him back.” Nikola Tesla was a Serbian-born scientist, best known for his pioneering work in electricity and robotics, as well as for his many inventions. They included a kind of death ray, which Tesla christened the “Teleforce” and claimed would bring down a fleet of ten thousand enemy airplanes at a distance of two hundred miles and cause whole armies to drop dead in their tracks! Hardly surprising that, with such an otherworldly nature, Tesla was played by David Bowie in the 2006 movie The Prestige. So, Tesla wasn’t just slightly odd; Tesla was very odd.

He engaged in a kind of numerology about the number three. No doubt due to a creeping manifestation of obsessive-compulsive disorder, Tesla would often do many things in threes. He’d wash his hands three times in a row, or walk around a building three times before finally entering it. Not only that, but Tesla wasn’t particularly keen on sex. Maintaining that sex would hamper his research in science, Tesla opted for celibacy, suggesting that great inventions in science rarely came from married men. Neither was he particularly keen on pearls. In fact, he hated the sight of them so much he refused to even talk to women who were wearing them. No doubt more evidence of his obsessive-compulsive nature was the fact that for his last decade, he lived in a neat and tidy room in the Hotel New Yorker. It’s always nice when someone else will be there to clean up your mess. And it’s living for years in room 3327, on the 33rd floor, where Tesla evolved his peculiar peccadillo for pigeons.

Now, it’s pretty common to see people feeding pigeons in the park. And yet Tesla went one step further. He’d find the odd wretched pigeons and take them back to his hotel room, where he’d look after them. And one particular pigeon found a special place in Tesla’s affections. He later wrote in his diary, “I loved that pigeon as a man loves a woman, and she loved me. As long as I had her, there was a purpose to my life.”

The Last Wizard

Finally, there’s the last wizard, Isaac Newton. In the episode, Leonard mentions Newton’s psychological issue, and, as you can see from the quote above, Newton has been associated with, “an obsessive, paranoid personality, with Asperger’s syndrome, a bad stutter, unstable moods, and episodes of psychotic mania and depression.” And in the NASCAR race of whacky scientists, Newton is always declared winner.

Let’s end on this briefest of accounts of just a few of Newton’s quirks: Newton died a virgin, never saw the sea, had an uncanny obsession with the Bible, and purposefully stuck a bodkin in his eye socket to experiment on himself as a guinea pig while investigating the properties of light. Newton even once became a politician and served as a Member of Parliament for a year in 1689. During his tenure, and the long proceedings of parliament, Newton spoke only once—he asked for an usher to close a drafty window. He also let his dog set his laboratory on fire, ruining twenty years of research. At least, that was Newton’s story. Some historians think Newton never owned a dog. They believe the great scientist simply and absent-mindedly left open a window, and a gust of wind knocked over a lit candle. And yet the dog tale persists. Recorded as early as 1833 in The Life of Sir Isaac Newton, the story goes that the man himself is said to have declared, when he saw his “dog’s” deed, “O Diamond, Diamond, thou little knowest the mischief thou hast done.”

Finally, when Newton was Master of the Road Mint, he became obsessed with chasing counterfeiters. In his book A Portrait of Isaac Newton, historian Frank Manuel portrays Newton as a deeply damaged person, and Newton’s pursuit of counterfeiters to the gallows as a vital psychological release, a transference of perceived guilt from his deformed psyche onto another person. Manuel writes, “In the Mint Newton was gratified with the exercise of naked power over fellow creatures. . . . With such avenues available to him, he never again suffered a psychic breakdown like the one of 1693. He no longer needed to beat his head against the bars of his inner consciousness. There were other human beings upon whom he could vent his wrath. . . . At the Mint he could hurt and kill without doing violence to his scrupulous puritan conscience. The blood of the coiners and clippers nourished him.”





THE EINSTEIN APPROXIMATION: MAD, BAD, AND DANGEROUS SHELDON

In “The Einstein Approximation,” Season 3, Episode 14, and many other episodes, we must wonder about the depiction of Sheldon as a typical scientist.
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“I’m not as famous as Stephen Hawking, but certainly in the US, I have a very high profile for a scientist. It is an awesome responsibility, one that I don’t shoulder lightly.”

—In the Words of Neil deGrasse Tyson: The Inspiring Voice of Science (2014)

“Asked to nominate a worthy successor to Victor Frankenstein’s macabre brainchild, what should we choose from our contemporary inventory of terrors? The bomb? The cyborg? The genetically synthesized android? The behavioral brain-worker? The despot computer? Modern science provides us with a surfeit of monsters, does it not? I realize there are many scientists—perhaps the majority of them—who believe that these and a thousand other perversions of their genius have been laid unjustly at their doorstep. These monsters, they would insist, are the bastards of technology: sins of applied, not pure science. Perhaps it comforts their conscience somewhat to invoke this much-muddled division of labor . . . Dr. Faustus, Dr. Frankenstein, Dr. Moreau, Dr. Jekyll, Dr. Cyclops, Dr. Caligari, Dr. Strangelove. The scientist who does not face up to the warning in this persistent folklore of mad doctors is himself the worst enemy of science. In these images of our popular culture resides a legitimate public fear of the scientists’ stripped-down, depersonalized conception of knowledge—a fear that our scientists, well-intentioned and decent men and women all, will go on being titans who create monsters. What is a monster? The child . . . of power without spiritual intelligence.”

—Theodore Roszak, The Monster and the Titan: Science, Knowledge, and Gnosis (1974)

Sheldon: “There’s no denying that I have feelings for you that can’t be explained in any other way. I briefly considered that I had a brain parasite, but that seems even more far-fetched. The only conclusion was love.”

—“The Prom Equivalency,” Season 8, Episode 8

Simulacra of Scientists

The simulacrum is one of the defining features of today’s culture. A simulacrum, an image or representation of someone or something, is a rendering that has totally displaced the original, which it was only meant to represent. In other words, the simulacrum seems to be more real than its underlying reality. The modern media simulacrum of scientists is a strong case in point.

In today’s world, the image of science and the scientist is almost totally defined by popular culture: television, the movies, and other mass media, including video games. The power of these images to transfix the collective psyche, along with the fact that scientists have mostly been poor at communicating narratives of their own (culture, like nature, abhors a vacuum), has resulted in a situation where the public’s perception of the scientist is molded far more by the movies and TV than by anything else.

The portrayal of scientists has changed over the years. From the early days of moving picture houses, the movies seemed obsessed with the notion of the mad scientist, or the mad doctor. As early as 1910, cinema brought Frankenstein to the silver screen. The Thomas A. Edison Studios produced a sixteen-minute movie, the first-ever adaptation of Mary Shelley’s definitive mad doctor book. Frankenstein shifted from the horror elements of Shelley’s original story to science fiction, as the studio declared it had removed the tale’s “repulsive situations” and enhanced the story’s “mystic and psychological” features. So, cinema transformed Shelley’s account of a creature composed from corpses found in graveyards and charnel houses into the kind of alchemical characters that soon dominated cinema and later became common in comics. For example, Edison Studios explained one of the most renowned sequences in their Frankenstein movie, which greatly influenced the comic books to come and in which you can already hear echoes of future mad doctors: “Alone in his room [Frankenstein] conducts the experiment and after an almost breathless suspense is rewarded by seeing an object forming and rising from the blazing cauldron in which he has poured his ingredients—a vague, shapeless thing at first, but which gradually assumes a human form and exhibits signs of animation. His joy at the success of his experiment is quickly turned to horror and dismay.”

The mantle of the mad doctor was passed on to Fritz Lang’s Metropolis. This 1927 sci-fi movie masterpiece, produced in Germany at the height of the Weimar Republic, was the most expensive silent movie of its day, and so its influence was huge. The style adopted for Fritz Lang’s film has been described as “Raygun Gothic.” The film’s design elements were based on contemporary modernism and art deco, with its dark, futuristic dystopia of skyscrapers and brooding tensions between social classes.

Set in the middle of this Raygun Gothic, like the very eye of a brewing storm, was the evil genius Rotwang, maybe the most significant mad doctor in the history of the movies. The title card of Metropolis read, “In the middle of the city was an old house,” an early announcement of Fritz Lang’s central belief that “an audience learns more about a character from detail and décor, in the way the light falls in a room, than from pages of dialogue.” It’s the same kind of recipe used for the portrayal of mad doctors to come.

Most notably, key facets of the simulacrum of the mad scientists have survived more or less unscathed, even though the actual portrayal of the scientist has greatly evolved over the last century or so. The same conventional clichés are found throughout popular culture: the scientist is shown as a misfit, single-mindedly obsessed with his (very rarely, her) work, detached from society in general, and often from the scientific establishment in particular.

Just look at the way in which the image of the scientist was developed in comic books: a lunatic parade of lone-genius mad doctors, working mostly in isolation, wreaking havoc on the modern world. And the depiction of these nutty professors belongs to another long-gone day: the original mad doctor in Frankenstein, based partly on an ages-old Elizabethan tale in Christopher Marlowe’s play Doctor Faustus, and the evil genius Rotwang. Even when science fiction filmic stories moved on from these dark origins of a singular maverick scientist, private capital was almost always the new king in town: Wayne Enterprises or Stark Industries, LexCorp or Oscorp, Pym Tech or Roxxon.

And yet, when you take a closer look at the company portfolios, they’re still dominated by mad doctor bosses. Wayne Enterprises, a company that sells pretty much everything, run by an absentee CEO who battles with Gotham crime, dressed as a flying mammal. Stark Industries, a corporate brand that took a market mauling when its battery-powered CEO involuntarily created an army of murderous bots, which raised an entire European city into the sky. LexCorp, a company with huge stocks of radioactive kryptonite, and whose CEO is maniacally and fetishistically fixated on the destruction of a single alien. And finally, Pym Technologies, a brand that is far too reliant on the market viability of antitalking tech; and Roxxon, a company in which many of the former CEOs languish in jail.

It’s undoubtedly the case, of course, that positive and realistic portrayals of scientists may be hard to reconcile with the demands of effective dramatic representation. Especially in comedy. Alternatively, with the increasing multiplication and atomization of popular culture, with hundreds of satellite channels, video games, and the Internet, you would have thought we could do a little better. You would have imagined that new opportunities would present themselves to loosen the ages-old stranglehold that the stereotypical image of science and the scientists has on popular culture. It seems not.

Sheldon: A Simulacrum of the Nerd Scientist

The plot of “The Einstein Approximation” episode is familiar to those acquainted with the story above. Sheldon Cooper, the tall, intelligent scientist played by Jim Parsons, has always been an oddball, in the way that popular culture dictates, even when compared with the other characters on the show. Fellow “genius” Leonard once described Sheldon as being one lab accident away from becoming a supervillain. You know this stereotype well: they’re the kind of comic book misfit caricatures that run Queen Consolidated, Veidt Enterprises, S.T.A.R. Labs, Vistacorp, Ace Chemicals, Janus Cosmetics, and Hammer Industries.

In “The Einstein Approximation,” Sheldon’s search for the answer to a physics problem (why electrons behave as if they have no mass when traveling through a graphene sheet) keeps him awake for several days. He becomes obsessed with trying to solve it, his “otherness” is at its peak, and he acts more weirdly than usual. In such situations, when faced with frequent speculations about his mental fastness, Sheldon usually replies by saying his mother had him tested, though his autistic disposition, asexuality, and wholesale weirdness do little to comfort his friends.

Taking the long view, from Frankenstein to shows like The Big Bang Theory, it’s pretty easy to see that Sheldon fits the mad doctor stereotype: the whacky, and now also geeky, “genius” so often seen in cinema and on television. There are more recent examples in abundance, of course: Doctor Gregory House, eponymous star of the medical drama; the OCD-tortured Adrian Monk; and the Einsteinesque mad-haired Doctor Emmet Brown of the Back to the Future franchise. The geeky guy archetype came to the fore with the 1984 movie Revenge of the Nerds. The movie quickly became a franchise in its own right, and the geek archetype a popular trope in Hollywood. By the 1990s and the 2004 movie Napoleon Dynamite, the geeky nerd had become a mainstay in comedy entertainment. Positioned diametrically opposite to the clichéd norms of the macho manhood of the jock archetype, the Hollywood nerd is contrasted with turbo hunks, who perform a crude aggressive form of manhood. The geeky hero is presented as a more evolved stereotype, at once better, fitter, smarter, and, theoretically, more sensitive.

There’s little doubt that The Big Bang Theory and its characters have been popular with American audiences for the last decade or so. The popularity appears to go hand in hand with our fascination with creatives, the kind of humans who are portrayed as paying the price for their “genius” with the kind of mental quirks that make them different, and “other.”

Sheldon’s quirks take various forms: his unabashed love of playing with toy trains; his regular podcast “Fun with Flags”; his attendance at Comic-Con events in full costume; and even his drumming up of inventive recipes for his friends (science is, when you really think about it, all about inventions and recipes for doing things). Actually, when it comes to Sheldon’s quirks, the program makers really lay it on thick: his apparent talent at Tuvan throat singing; his adept playing of the Theremin; and his invention of the meganerdy board game “Fun With Physics.” Even when made redundant, Sheldon was far from redundant: on once losing his job, he mastered genetic engineering enough to create luminous fish. In short, on top of his scientific understanding of the world, albeit hardly unique in this day and age, Sheldon has a cornucopia of quirky characteristics, just in case you missed the main message that scientists are eccentric but not mentally ill (he’s been tested, remember, and scientists so love tests).

In actual fact, scientific research shows that, contrary to common belief, eccentric people are often happier and better-adjusted than “normal” people, as they feel they’re much freer to break away from societal norms. Research confirms that, in the relationship between creativity and mental illness, not only does a creative faculty help protect against serious emotional issues, but being eccentric can actually fuel the creative drive.

Sheldon’s Psychological Landscape

Let’s drill down further into Sheldon’s eccentric psyche. First up are his somewhat regressive behaviors. These include Sheldon’s egocentrism. He shows contempt for the opinions of others and tends to talk down to people he regards as his intellectual inferiors, which is just about everyone he comes across. He often demands things he requires from his friends, for example, wanting to be driven to places, with seemingly no ability to understand that they may have other things to do.

Sheldon’s narcissism is another factor. He appears to see himself as infallible whenever he states his opinion, regarding himself as a homo superior, even to the extent of siring a child with his “genius” girlfriend Amy to create a race of benign human overlords. There’s his antisocial lifestyle; his seeming inability to understand social cues, including a trouble with recognizing emotions, in others or himself; his obsessive-compulsive habits, including his hypochondria; his inability to accept change; and his many phobias of birds, germs, and the like.

Then there’s his tendency to be a child in a man’s body, his proclivity to throw a temper tantrum when things don’t go his way, and his apparent need to be looked after by a mother figure whenever he’s in need. Indeed, one of the show’s other main characters, Bernadette, admits that she’s better able to deal with Sheldon’s stubbornness because she’s used to working with children.

By the way, if you think the scientist as child is always a relatively harmless portrayal, think again. In the 1963 science fiction classic, Cat’s Cradle, American writer Kurt Vonnegut had made science the main butt of his satire, with his book a comic portrayal of a scientist stripped of all moral responsibility. This scientist is named Felix Hoenikker and, although dead, is the central character of Vonnegut’s story. Famously branded “the father of the atom bomb,” the fictional Hoenikker is a quirky fusion of real-life H-bomb pioneers Edward Teller and Robert Oppenheimer. The book’s narrator focuses on the human, not the technical, side of the bomb. He finds in Hoenikker a social imbecile, a solipsistic “genius” who cares nothing for the applications of his research. Indeed, Hoenikker ends up destroying life on Earth through his creation of ice-nine, an alternative structure of water he originally discovers as a mental puzzle, after a casual chat with a Pentagon general. For Felix Hoenikker, research into weapons of mass destruction is pure play. In his darkly funny way, Vonnegut takes this innocence one step further in his portrayal of Hoenikker’s family life. Angela Hoenikker, Felix’s daughter, felt she had three children: “me [Newt], Frank, and Father. She wasn’t exaggerating, either. I can remember cold mornings when Frank, Father and I would be all in a line in the front hall, and Angela would be bundling us up, treating us exactly the same. Only I was going to kindergarten; Frank was going to junior high; and Father was going to work on the atomic bomb.” Later, Felix Hoenikker becomes so absorbed with turtles that he stops working on the bomb. Anxious Manhattan Project officials pay a visit to Angela, desperate for advice. Taking away the turtles is her simple solution. Indeed, the mind of this eminent research physicist is so puerile that he “came to work the next day and looked for things to play with and think about, and everything there was to play with and think about had something to do with the atom bomb.”

Sure, the character of Sheldon is fictional. And yet the way he is rendered on TV resonates with plenty of other popular stereotypes of “genius” eccentrics. The message appears to be this: there’s a price to pay for being a genius. Whether it comes in the form of a sociopathic solipsism, as with the BBC’s portrayal of Sherlock Holmes in Sherlock, or mental illness, as with math “genius” John Nash in the 2001 movie A Beautiful Mind, or the emotional turbulence often portrayed in famous musicians and artists (as Bonzo Dog Doo-Dah Band colyricist Neil Innes once said in his satire of John Lennon’s Plastic Ono Band period, “I’ve suffered for my art, and now it’s your turn”). Weirdly, some scholars claim that research studies bear this out. Physicists and mathematicians appear to be more prone to autism spectrum disorders, at least subclinically. Like Sheldon, they exhibit symptoms such as the constant cleaving to the humdrum, little interest in social situations, and the inability to read social cues.

Perhaps these research findings about physicists and mathematicians are best exemplified by the story of legendary British theoretical physicist Paul Dirac, hitting Wisconsin in 1929. Described by no less than Niels Bohr as “the purest soul in physics,” Dirac was in the northcentral United States to deliver a series of lectures at a local university. Dirac was an unsung intellect of physics and had made a stunning breakthrough in 1928. Combining the theories of quantum mechanics and Einstein’s special relativity, Dirac had predicted the existence of antimatter, which makes up, at least in principle, half the universe. Local reporters gathered to interview the great man. Though they lived during an era in which the cult of personality was far less pronounced than it is today, they’d all heard of Einstein. Besides, competition in journalism was keener than ever. Broadcast radio was in its infancy. Only earlier that decade, radio emerged as a novel means of communication, a fitting medium to report the new and exhilarating science of quantum mechanics. Had the local reporters done their research, they may have found cause for concern. Dirac was achingly shy, had little interest in social situations, and possessed an inability to read social cues. Later in time, Dirac even wanted to refuse the Nobel Prize in order to shun the publicity. But the scoop of journalists gathered around the esteemed professor knew little of his reputation. Finally, a reporter from the Wisconsin State Journal broke the silence: “Now doctor will you give me in a few words the lowdown on all your investigations?” We can imagine the scene: the question posed, the reporters waiting, breath baited in anticipation of the professor’s profound reply. “No,” replied Dirac. Shades of Sheldon?

So, the stereotype of the mad doctor remains. Perhaps its popularity comes down to the fact that believing in a link between “genius” and madness helps extinguish feelings of envy that viewers might have. This belief would result in reactions such as “Who’d want to be a physics ‘genius’ if that’s what it takes,” or “If we can’t share their brains, at least we don’t have their bullshit,” and so on.

Or maybe it’s down to sheer inspiration. Comic tales of eccentric scholars who are happy in their own true skin, and are willing to risk society’s spleen, on the odd occasion. When the creators of The Big Bang Theory were questioned as to whether Sheldon’s antics were deliberately fashioned after high-level autism (after all, Sherlock actually describes himself as a “high-functioning sociopath”), they merely replied that they thought of his behavior as “Sheldony,” which is hardly scientifically helpful! Some even consider Sheldon to be the most authentic character on the show. Perhaps they’re unaware of the story of depicting scientists that came before The Big Bang Theory. In the end, whatever we choose to think about popular culture’s continuing mad doctor syndrome, Sheldon has been the breakout character of the show and, like many such depictions before him, will continue to inspire and influence many more.
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