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			To the memory of my uncle, Patrick Connolly, and the team of linotype operators at the Cuneo Press of  New England.


			Those linotype operators were experts in a type of technology that has been replaced several times over, but they embodied some timeless values. Two of the most important are teamwork and professionalism. Their books, like mine, developed and blossomed thanks to diligence and attention to detail of a dedicated team.


			Each member of my “team” deserves recognition for delivering this book to you. Their enthusiasm, patience, and dedication to excellence inspired me. My wife, Frederika, and family have been steadfast and supportive throughout. Members of my wider family include my agent, Jim Levine of the Levine Greenberg Rostan Literary Agency, illustrator Kristyna Baczynski, Workman editor and guru Danny Cooper, and the Workman team responsible for helping the words and images take shape on the page—production editor Beth Levy, production manager Julie Primavera, typesetter Annie O’Donnell, designer Claire Torres, and photo researcher Angela Cherry.


			The following individuals and organizations provided invaluable assistance and inspiration: the Bath Royal Literary and Scientific Institution, Berkshire Film & Video, the Boston Public Library, Frank Ciccotti, Rick Desira, Gregory Etter, Dr. Gary Hoffman, Dr. Peter Lydon, William Matthiesen, MIT’s Educational Studies Program, Peter Rielly, Jennifer Spohn, Elizabeth Stell, Williams College, and Woods Hole Oceanographic Institution.


		


	

			INTRODUCTION


			You’ve probably come across the abbreviation STEM a lot at school. It stands for Science, Technology, Engineering, and Math, and schools around the country—and the world—are eager that we all learn more about those subjects. This book looks closely at the “T” of that abbreviation, finding out how it’s improving our lives . . . while somehow carrying a whiff of danger.


			Here’s a pretty standard definition of technology: “science or knowledge put into practical use to solve problems or invent useful tools.” Okay, hold up. That’s a pretty wide-ranging definition, and it means that the “T” of STEM probably ties in neatly with the “S,” “E,” and “M.” After all, a reusable rocket (see here) is a pretty cool form of modern technology. But designers must be up to speed with their science to know how that rocket can escape Earth’s gravity (going up) and not burn apart in the atmosphere (coming back down). It takes advanced engineering skills to build a rocket to these specifications. And to provide the calculations needed for those specifications? That sure sounds like a job for math!
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			Back in Time


			It’s human nature, almost an instinct, to be curious, resourceful, and inventive. STEM might be a new term, but human beings have been using those four fields of science for thousands—and possibly millions—of years, whether they know it or not. “Putting science or knowledge into practical use” doesn’t sound very exciting, but consider all of the thinking that led to the development of steam engines, the printing press, the bow and arrow, and even that all-purpose bit of technology—the wheel. 
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			Sometimes, however, even inventions with the best intentions can go awry. Steam power lay behind the great advances of the Industrial Revolution in the 18th and 19th centuries: Just think of clothing factories, the earliest trains, and electrical generation. But steam could also power warships. Meanwhile, printing presses could spread hatred, and the bow and arrow could be used against human enemies as well as to hunt for food.


			All of that is the background to this book. It explains and celebrates awesome technological ideas while keeping in mind how those ideas could go wrong or be twisted into something . . . terrifying.


			What You’ll Find


			You don’t need to look into the past to find terrifyingly awesome tech. It’s all around you! And there’s always more in the pipeline. The Book of Terrifyingly Awesome Technology examines these latest breakthroughs. It takes a good look at what makes them tick (hmm . . . does modern tech stuff even tick anymore?) before finding out how they might scare the heck out of us.


			Each of the 26 chapters concerns a type of technology that’s either very recent but already familiar, like the World Wide Web (see here) or that’s not yet in use but might arrive in the near future, like air-conditioned clothing (see here). You’ve probably had loads of contact with the first group (the stuff that’s already around you), but maybe you’re doubtful that the other (“near future”) stuff will ever get off the drawing board. Well, you might be surprised, because some of them have pretty convincing backing—either from one of the world’s richest people (see Reusable Rockets, see here) or from a leading group of international scientists with a detailed plan (see Space Elevator, see here).


			How This Book Works


			Each chapter presents information in an easy-to-follow format. An introduction sets the scene and gives you a taste of what the technology’s all about. You’ll get a hint of what makes this tech tick, as well as a few ideas about how it sneaked into a book with the word “terrifying” in its title. 


			Then there’s a section on “How Life Is Better” because, after all, isn’t that what new technology is all about? You might call this the “nuts and bolts” of the chapter: It gives you the real lowdown on how the technology works, how and why it was developed, and how the world is (or could be) a better place because of it.


			The chapter then fills you in on “Related Technology” so you can see how it fits in with, or maybe improves on, stuff that’s already in use. You’ll see how even groundbreaking, cutting-edge technological ideas have links to earlier versions and other forms of tech. You’ll see why GPS (see here, for instance, plays a big part in driver­less automobiles (see here, drones (see here), and many other modern technological marvels.


			Then it’s time to think back to the title of the book and to see how the technology is “Terrifyingly Awesome.” It’s fascinating—and possibly scary—to consider how bad guys can sometimes derail good ideas, or how those good ideas might have some pretty scary unexpected consequences. Cool illustrations, quick definitions, and neat panels run through all of these sections, helping you get a fuller idea of these fascinating, awe-inspiring technological breakthroughs.


			To round off each chapter, you can do an experiment that links directly to the chapter’s technology. Each of these comes with easy, step-by-step instructions and a Time Factor to tell you how long you’ll need to do it—ranging from something to fill a few minutes, right up to two weeks. You may not wind up performing laser surgery directly or battling a forest fire with a sound disrupter, but you’ll get a fun, hands-on look into the scientific ideas that make those things possible . . . or even dream-up-able.


			There you have it. It’s time to push on and test the boundaries of technology. Try not to be too terrified!
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			CHAPTER 1


			Plant SpEED BREEDING
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			Talk about a serious subject—here’s one so serious that it might just save the planet! And sometimes thinking about things beyond our planet can make a big difference down here on Earth.


			Ever since the space program got cooking in the 1960s, critics have complained that all those millions of dollars should be spent helping to tackle huge Earthbound problems. One of those problems, of course, is being able to provide enough food for the world’s growing population.


			Well, it turns out that some of the research from NASA space missions has a direct bearing on agriculture. Think how hard it must be to pack food for a months-long mission (or years-long, if we go to Mars). Scientists have found a way to grow bountiful food plants quickly right on board a spaceship. That’s a real breakthrough!


			Could this be a miracle in the making? Or possibly a nightmare, if things go wrong?


			


			How Life Is Better


			It’s no surprise that things are pretty tight on the food front here on Earth. Even if the richer countries were to cut down on food consumption—or switch to food choices that were less of a drain on the environment—we’d still be running low. We need a way of increasing food supply to feed all 7.5 billion hungry humans on Earth—along with the extra 2 billion expected by 2050.


			And that’s just feeding the people living on Earth. Some scientists believe that humanity’s future lies in space travel, orbiting space stations, and even permanent colonies on Mars . . . and possibly beyond. Producing food in these inhospitable, cramped surroundings is a huge challenge, but finding ways to do it would also be a huge breakthrough in the food crisis on our own planet.
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			Imagine providing food for a space mission that could take months or even years. Where would you store it? Would dry crackers or mystery goo from a tube get a bit boring to eat after a while? And what about a balanced diet, making sure astronauts had the right mix of vitamins and other nutrients to stay healthy?
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			The answer is to find a way to grow food fast on board the small, enclosed spacecraft. That’s where the whole idea of “speed breeding” comes in. It means raising crops under special conditions in a laboratory to make them grow faster. But how?


			

			Photosynthesis


			The chemical process that plants use to convert sunlight, carbon dioxide, and water into nutrients that fuel their growth and maintain their health.


			


			The breakthrough came when Australian scientists and NASA decided to mimic space-travel conditions in greenhouses on Earth. Astronaut plant breeders would have the advantage of constant, direct sunlight and no clouds to obscure the light. The scientists also considered the light that plants need to grow and wondered whether a particular type of light would work better than others. Remember how you can see different colors, ranging from red to violet, in a rainbow? Well, that range is called a spectrum. Each color in that spectrum has its own level of energy. The scientists discovered that isolating light from certain parts of the spectrum adds oomph to the photosynthesis process.


			The results were astounding—you might say “out of this world”—when the scientists directed a beam of red light on the experimental plants. They produced six generations of wheat, chickpea, and barley plants in a single year—as opposed to two in normal greenhouse conditions and one in plants grown outside in  a field.


			Related Technology


			Genetically modified (GM) food has already become widespread in an effort to increase the yield (the amount harvested) of many crops. It uses the science of genetics (see here) to alter the basic makeup of an organism (plant or animal). The DNA of an organism with a desirable trait, such as resistance to disease, is incorporated into another organism. As this organism breeds, it passes on the desired traits to offspring.


			So just as speed breeding gets results faster, GM techniques also boost yields by making sure that the plants are stronger, healthier, and better able to breed.
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			Terrifyingly Awesome?


			There’s something a bit creepy about weeds and other plants just “springing up” overnight. What if they get out of control and grow too fast? Well, people have already found a lot to fear with the development of GM technology. Some of the weirdest, absolutely real results are bizarre or even a little scary: How do you feel about a pig that glows in the dark or a chicken bred to have no feathers?


			The changes made to plants might not be as dramatic, but they are potentially just as worrying. Also, if we’ve already developed the technology to modify organisms that benefit humanity, could organisms be modified for evil purposes? And with a technique like speed breeding available to pick up the pace . . . then who knows what might replace familiar crops before anyone knew that something fishy was going on?


			

			Triffids


			Come on! What do plants have to do with being terrified? Well, you might think differently if you read the book The Day of the Triffids, written in 1951 by John Wyndham. The triffids, you see, are killer plants that are capable of  moving around. Cities and towns are terrorized and taken over by these roving killers. Psychologists had a field day studying why readers were so scared by this prospect. One theory is that it seems like a nightmarish account of the plant kingdom seeking revenge on the world’s animals . . . including humans. Maybe you’ll think about it the next time you trim the hedges or eat a salad!


			


			EXPERIMENT


			Gardener’s Green Thumb—or Is It Yellow or Violet?


			Time Factor: 5 days


			Here’s a hands-on home version of what those speed-breeding scientists did in greenhouses. But you’ll be testing something similar: Which color of light produces the best growing results?


			Light moves in wave patterns, and each color has its own unique wavelength (distance from one wave to another). What we see as “light,” or “white light,” is really a mixture of different colors with different wavelengths. Shone through a prism or seen in a rainbow (in which raindrops act as tiny prisms), white light shows its “true colors,” ranging from red on one side to violet on the other. Your experiment will test results from three of those colors.


			YOU WILL NEED


			• Paper tissues  (like Kleenex) 


			• Water


			• 3 plastic or paper cups (5 fl. oz./150 ml size)


			• Radish seeds


			• Ruler


			• See-through cellophane sheets: red, yellow, and violet


			• Windowsill or shelf that gets sunlight


			METHOD


			1 Moisten three tissues with a little water and place one in each cup.
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			2 Spread about 10 radish seeds on each tissue.
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			3 Cover each cup with a different color of cellophane.


			4 Place the cups on a windowsill or shelf so that each receives the same amount of light.
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			5 Measure and record the height of the radish seedlings each day for  five days.


			6 Remember to replace the cellophane on each cup after measuring and to keep each tissue moist (using the same amount of water for each cup).
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			DATA ANALYSIS


			The longest wavelength of light is red, which also carries the least energy. Violet—at the other end of the spectrum—has  the shortest wavelength and packs the most energy. Yellow is in the middle between them. Did you notice any connection between the amount of energy that a color carries and the growth of the radishes getting that color’s light?
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			Chapter 2


			Solar Energy Beam
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			“What will happen when the oil (or coal, or natural gas, or shale) runs out?” We hear this alarming question more and more often as people consider how to deal with “the energy crisis.”


			Crisis? You bet it is! With a growing population (about 7.5 billion at the last count), planet Earth is feeding, housing, educating, transporting, heating, cooling, and entertaining more and more people. And all of that uses energy, which has to be found somewhere or somehow.


			Solar (Sun-related) power is one of the most attractive and exciting of these methods, and it’s not just limited to panels on house roofs. Huge fields of panels are already appearing, and a logical next step is to send them into space. Imagine harnessing the Sun’s power high above the clouds. And beaming all of that energy down would be great . . . or would it?


			


			How Life Is Better


			Come on, wouldn’t you breathe a sigh of relief to know that with solar power, we’re not going to suffer a permanent power blackout? Or that people in poorer countries would have inexpensive power to help improve living standards? How about clean, efficient power that doesn’t harm the environment with pollution? It looks as though everyone would be a winner. Perhaps most important, solar energy is a renewable source of power. Think of the Sun as a humongous, rechargeable battery—one that’s 1.3 million times bigger than Earth, with a surface temperature of about 11,000°F (6,000°C).
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			So why go through the trouble of launching solar panels into orbit around Earth? Well, space has no clouds, rain, or darkness. (Space may seem black, but that’s because there are no objects out there to reflect light—except for planets, asteroids, and other stuff floating around.) If the panels are in the right orbit, there’s no night, so they are converting sunlight into electricity 24/7. Not bad!


			Scientists are still at the drawing board on how best to get solar panels into space, but back here on Earth, solar power is very advanced. Here’s how it works. The panels are made of smaller units called photovoltaic cells. You already know the “photo” part, which means “light” (photons are tiny particles containing energy, including light). “Volt” reminds us that we’re talking about electricity. The photovoltaic cells are the key to catching light and converting it to electricity.


			The cells absorb sunlight, and that light knocks loose each cell’s electrons (negatively charged particles orbiting atoms). The electrons “migrate” (flow) from the inside of the cells to the surface, creating an electric current. And I bet you already know a common name for the flow of electrons—yes, electricity.


			So what would a humongous solar panel in space look like? One idea is to launch a satellite, and once free of the Earth’s atmosphere (which could burn up the sensitive equipment because of friction), a panel would unfurl until it looked like a huge flying carpet. It would be like watching one of those paper party horns uncurl when you blow into them—except the panel is about two-thirds as long as a football field. 


			Another plan takes the idea even further, sending 2,500 such satellites into space to orbit in close formation. Together they can build a solar-panel “field” that covers 3.5 square miles (9 km2). The 12 gigawatts  (12 billion watts) of power supplied by the satellites would be about the same as 40 million solar panels back on Earth. This seems better and better—or crazier and crazier. 


			Related Technology


			Solar power isn’t the only source of energy that doesn’t rely on fossil fuels. Any energy source that doesn’t drain resources is considered renewable. Wind is free and plentiful in many parts of the world. That explains why massive wind turbines (like huge windmills) have begun lining windswept hills. Here’s another one: tidal power. Ocean tides come in and out like clockwork, drawn back and forth by the Moon’s gravitational pull. Think of the power locked into the movement of all that water.


			

			Fossil Fuels


			Oil, coal, and natural gas are called fossil fuels because (like fossils) they come from old life-forms that have decomposed (broken down) over long periods, often millions of years. The Earth contains a limited amount of such fuel, and once it has been extracted, it cannot be replaced. That’s why fossil fuels are also called nonrenewable resources.


			


			Terrifyingly Awesome?


			Have you ever seen someone use a magnifying glass to focus the Sun’s rays into a bright light that burns a hole in a piece of paper? That’s another way of harnessing solar power. Now imagine each of those huge orbiting solar panels focusing enormous amounts of solar power to a receiver back on Earth. One method of sending it down is using powerful beams of light we call lasers.


			Okay, that makes sense. All of that energy is being focused and stored so lights can stay on in New York or London or Rio de Janeiro. Now imagine that something quite small but traveling really fast—like a meteor or an asteroid—bumps into that orbiting panel. Instead of focusing the beam of energy onto an electrical transmitter, it focuses directly onto the Earth’s surface. Uh-oh.
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			That’s all pretty terrifying, and luckily lasers aren’t the only option. After all, the light in lasers is just one part of the electromagnetic spectrum. Maybe we could use another form of energy? The latest idea is to convert the electricity into radio waves. Those would be focused on a receiver on Earth, where the process could be reversed. Don’t forget: Alexander Graham Bell had a similar idea when he invented the telephone—transferring sound energy into electrical energy and back again.


			Whew! Looks like we’ll be using radio waves, then. That is, unless someone finds out that a super-powerful flow of radio waves (like from an orbiting solar panel) has damaging effects that we haven’t predicted.


			

			The Alternative?


			We get hints of the problems that lie in store by looking at the way things are going—increased gasoline costs, occasional blackouts—but one day we might flick a switch and find that nothing happens. Then we’ll know that the needle really does point to “E.” And that’s “E” for Empty, not Energy.


			


			EXPERIMENT


			Solar Party Time?


			Time Factor: 20 mins


			Feel like tapping into some solar power in your own kitchen or living room? This experiment is a quick way to see just how effective the Sun is at providing energy. You won’t be turning that solar power into electricity, but you’ll have a cool (well, more likely warm) demonstration of the electromagnetic spectrum.


			That’s a mouthful, but it really boils down to the way we describe and measure different types of energy. A wavelength is one of the things that sets a particular type of energy apart from others. The colors we see are simply different wavelengths of light (a form of energy). Confused? You won’t be after performing this experiment. It’s a matter of black and white—literally!


			YOU WILL NEED


			• 2 paintbrushes


			• 2 empty plastic  milk jugs (preferably white)


			• Black craft paint


			• White craft paint  (if jugs aren’t white)


			• 2 party balloons  (one black, one white)


			• Wide windowsill or table near a sunny window


			METHOD


			1 Use one of the brushes to paint one jug completely black and let it dry.
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			2 If the other plastic jug is  clear or not quite white already, paint it white and let it dry.
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			3 Take the black balloon and stretch its opening over the mouth of the black-painted jug.


			4 Do the same with the white balloon on the white jug.
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			5 Set the jugs side by side on the windowsill or table, making sure it’s sunny and that neither jug is at all shaded.


			6 Make a prediction about whether either balloon will begin to inflate—and if so, which one.


			7 Wait 15 minutes and observe both balloons.


			

			DATA ANALYSIS


			You’ll probably have noticed that the black balloon has begun to inflate. That’s because darker colors absorb visible light, and black absorbs the most. Solar panels usually appear dark for this reason. Lighter colors, on the other hand, reflect light. And light is a form of energy, which can transform into heat energy (or into electrical energy, if you’re beaming it down from space). The extra heat inside the black jug warms the air, which then expands and fills the balloon.
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			CHAPTER 3


			Robots and Androids
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			How many times have you wished that you had a robot to make your bed? Or to help you empty the dishwasher? Or to mow the lawn? Or even better—to do your homework! 


			Okay, it’s easy to see why inventors and engineers are constantly improving designs for “machines that are capable of carrying out a complex series of actions automatically,” as one dictionary describes robots. But why do they concentrate on getting robots to do all that boring stuff like building automobiles or assembling computer circuits? Don’t inventors have beds to make or dishes to wash?


			


			Think again. The tasks that robots and androids (robots with a human shape) can perform go way beyond all that simple back-and-forth stuff along factory assembly lines. How about a robot that can fly to a dangerous oil spill and start the rescue operation? Or a robot with living tissue that can heal itself, just like human skin? 


			The sky’s the limit, or so it seems. Robots and androids will soon be able to think for themselves . . . and some experts predict that they might even be able to read our thoughts. Yikes!


			How Life Is Better


			At the most basic levels, robots are machines programmed to carry out tasks, and androids are simply robots designed to look more like humans. One of the main uses of robots is taking over some of the “3-D” jobs—the ones that are Dull, Dirty, or Dangerous. Would you want to screw 7,344 bolts into car fenders each day on a production line? (Sounds pretty Dull.) How about traveling a few hundred yards through a smelly sewer to find a blockage? (Sounds pretty Dirty.) Or perhaps creep along mile after mile of roads to see whether deadly bombs are hidden beneath? (Sounds really, really Dangerous.)
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