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Introduction

ENERGY AND IMAGINATION


Finding and exploiting energy is the human story.

One or two hundred thousand years ago, anatomically modern humans were born to this world. Their minds set them apart from all other creatures, for the spark of creativity resides there. That spark fell on combustible tinder, and the fire of imagination sprang to life. From that point onward, feeding the fire was as essential to sustaining our lives as was slaking our thirst or satisfying our hunger.

At first, we tended the small fire by inventing efficient ways to hunt and gather. Then, we turned to agriculture and used the work of animals as fuel for the fires of our imaginations. The fire grew and spread, until the labor of countless animals could no longer provide the energy demanded. So our imaginations enlisted the power of wind and water to grind grain and irrigate fields.

Still the fire grew.

We burned the wood of many forests for heat to smelt and forge metals, bake bricks, and make mortar and cement. With these, we built the roads, ships, and cities of our imaginations.

Still the fire grew.

We tunneled underground, harvesting energy-rich coal to drive steam engines, powering the supply line of factories, locomotives, and ships that produced and distributed the products of our imaginations.

Still the fire grew.

We diverted and dammed the world’s largest rivers, using the expropriated energy to make chemicals, light cities, and run air conditioners. We drilled into the earth, drawing from primordial pools of oil to fuel tractors, trucks, and cars. We tapped the energy of the atom for power to digitize, archive, and retrieve the knowledge and insight of incalculable thousands.

And still the fire grows.

Our world pumps and then burns more than three and a half billion gallons of oil every day. A little less than one-fourth of that is burned right here in the United States, and though in the years prior to and immediately following World War II the United States was the earth’s leading oil exporter, producing more than enough to satisfy domestic needs, today’s situation is much different. We import more than half the oil necessary to feed our imaginations. And Americans tremble with fear when the oil-rich and politically unstable countries of the Middle East use the words reduced oil production, quotas, or embargo.

The first of two 1970-era oil shocks began in 1973, when the Saudis, who sit atop the world’s largest proven oil reserve, were unhappy with U.S. policy toward Israel. To make their point, they delivered, right on target, the oil weapon: they embargoed all oil shipments to the United States. Domestic energy prices skyrocketed, insecurity raced through financial markets, and like viscera cut from America’s soft underbelly, cars lined up at service stations awaiting gas deliveries.

For a brief time Americans responded, insulating their homes and turning to more fuel-efficient vehicles. U.S. oil consumption fell. Then, in 1980, Ronald Reagan was elected president. When he declared that conservation meant “being too hot in the summer and too cold in the winter,” America was back on track to being the most wasteful country of all time. And though Reagan called on the scientists of the free world to design and build an antimissile system that would make the nuclear weapons of our enemies “impotent” and “obsolete,” he proposed no plan or strategy to counter the oil weapon.

Those oil shocks were artificially induced: Oil production capacity exceeded demand, and thus the oil weapon required withholding supplies. The world of the twenty-first century has changed. China and India, with combined populations in excess of two billion, are now developing countries whose citizens are every bit as anxious to feed their imaginations as are Westerners. There is no longer significant excess production capacity, and the situation is expected to get worse as worldwide energy demand grows in the face of steady, or possibly shrinking, supplies. Some forecasters believe that this structural oil shock will cause upward-spiraling energy prices. Where will gas prices stop? Five, six, ten dollars a gallon?

How will we in the United States respond as the plentiful and abundant energy that has fed and nourished our imaginations becomes scarce? We treat energy as background noise, unaware of how dependent we have become. Whereas two hundred years ago a summer evening’s activities might have brought the family together to share poetry by the light of a whale-oil lamp, today’s kids grab burgers at drive-thru windows before zipping across town to the multiplex. Mom and Dad take the SUV to the gym, work out, take a steam, and then head home to watch a movie on pay-per-view. The pastimes of two hundred, fifty, even twenty years ago are now boring, because our imaginations have grown accustomed to a higher-energy diet, one that may not be sustainable.

Indeed, it is an unusual week when the national news does not include a story about the growing environmental consequences of unrestrained energy use. Predictions surrounding the dire consequences of environmental damage and global warming are rampant. Some of the more ominous warnings presage the melting of both the Antarctic and Greenland ice caps, a sea level increase of fifteen or more meters, desertification, intensifying tropical storms, declines in arable land, sinking world food production, expansion of tropical parasites to mid-latitudes, and mass extinction.

On the heels of these predictions and warnings, the course ahead should be clear. Yet, with energy as the key resource allowing us to exercise our imaginations, it is not surprising that we are ambivalent as to how to proceed. We have developed a split personality: On one hand, we are alert to the consequences of unrestrained energy use; on the other, we live for the moment, making decisions based on emotion, regardless of cost or consequences.

And so we find ourselves in this amazing and unprecedented circumstance where our expanded imaginations lead us to envision a future where energy is no longer plentiful; a future where the atmosphere has warmed, creating widespread drought; a future where the ice caps have melted and our coastal cities are flooded. The image is a disturbing one, and we are motivated to take action—to stop burning fossil fuels and outlaw gas-guzzling SUVs. At the same time, we are unwilling to relinquish the energy that has nourished our minds, expanded our horizons, and improved our lives.

While pondering our energy future, it is worth remembering that this is not the first time humankind has confronted an energy crisis. Energy shortage is apparently part and parcel of cultural development. Some societies do not survive their brush with scarcity; others do. The Maya, Anasazi, and Easter Islanders used their energy resources to sustain complex cultures distinguished by magnificent art and architecture. When their energy resources were exhausted, these civilizations vanished, leaving behind only buildings and monuments to mark their passing. Perhaps they recognized their precarious circumstances and made futile plans to save their societies, but without an alternative energy source, their futures were doomed.

The cultures of medieval Europe were more fortunate. On the eve of the Industrial Revolution, the prime energy source of the time was under threat. Great parts of the European continent had been deforested for arable land, timber, and energy. Governments recognized the impending crisis but were up against their own insatiable appetites for navies and iron weapons to guarantee national security. The citizenry required steel tools, timber, glass, lime, and bricks for buildings, and beer and distilled spirits to satisfy creature comforts. For these, and other things, the clearing of timberland for energy could not be halted, or even slowed. Eventually, coal was forced on Europe as the fuel of last resort. Why is it that civilizations that faced collapse often could not take the necessary steps to conserve their energy resources? It is because they could not imagine an alternative energy future. We can.

As the forests of Europe fell to the woodsman’s ax, a great debate raged among Newton, Descartes, and Leibniz—the most acclaimed scientists of the day—as to exactly what energy was. They called it “the living force.” But when it came to quantifying energy, or measuring it, they were clueless. No one of the period recognized that work and heat were simply forms of energy, or that work could be converted entirely to heat—though heat could not be converted wholly into work. Thanks to scientists, philosophers, and engineers of the seventeenth, eighteenth, and nineteenth centuries, all of this is now common knowledge. We know the maximum work we can extract from heat and how to build machines that operate near this optimum efficiency. We know how to store and liberate the energy of chemical reactions, and how to harvest the energy held captive inside the nuclei of atoms. We know how to convert sunlight, wind, and waves into electricity, and how to transmit that energy over vast distances. We know how to turn coal into a liquid to fuel our cars. We know of vast supplies of “pre-oil” locked in rock and how to process it into the real thing. We are also aware of the environmental consequences of unrestrained energy use. We have developed technologies to scrub combustion air free of harmful contaminants before they enter the environment. We know that the accumulation of atmospheric carbon dioxide can cause global warming, and we have developed technologies to mitigate this possibility.

Whereas the people of medieval Europe had to settle for the energy future given them by happenstance and necessity, we possess the knowledge and technology to plan our future. What we appear to lack is the will to make such a plan.

While the leaders of the United States feel comfortable adopting a “policy of preemption” that accepts a military response “even if uncertainty remains as to the time and place of an enemy’s attack,” their policy toward the threat posed by energy dependency and global climate change is more of a wait-and-see approach. A National Academy of Sciences study concluded that the “balance of evidence” shows global warming effects are evident. Still, President George W. Bush has repeatedly insisted that additional scientific research is needed before he will impose restrictions on greenhouse gas emissions. As the Bush administration awaited “scientific certainty” for the cause and effects of global climate change, it found the evidence that Saddam Hussein possessed weapons of mass destruction sufficiently compelling to launch the preemptive invasion and occupation of Iraq. Some analysts suspect the real cost of that war will exceed two trillion dollars (not to mention the loss of lives on all sides, which in 2006 may surpass 500,000). Though no WMDs were found, it seems that the mere suspicion—unsupported by any hard data—of peril that could “come in the form of a mushroom cloud” justifies these expenses.

Set aside the issue of global warming. What of energy dependency? It shouldn’t come as a surprise to learn that Osama bin Laden has stated that incapacitating the U.S. economy is a primary al-Qaeda objective—placing oil markets and global energy infrastructure high on its target list. Thus, Washington is in a position of defending the oil interests of countries that are politically and philosophically at odds with our historical position on human rights. Further, our dependency makes it difficult to oppose the political and military ambitions of these countries. Iran, for example, thumbs its nose as the rest of the world struggles to limit Tehran’s nuclear ambitions. To limit dependency, the Bush administration proposes further development of domestic sources of crude, including those in the Arctic National Wildlife Refuge (ANWR). The most optimistic estimates of this reserve’s production is just under a million barrels per day—the same amount of oil that would be saved by increasing overall automobile and light-truck fuel efficiency by between two and three miles per gallon.

The issue, of course, is neither improved fuel efficiency nor drilling in ANWR. It is not war with Iraq or recognizing global warming as an environmental, economic, and security threat. It is the fact that we do one without even considering the other. We choose war, and we choose not to explore technological approaches to limit greenhouse gas emissions. We choose to promulgate drilling in ANWR, but not to support research and development to increase fuel efficiency. Our leaders refuse to embrace science and technology as tools to achieve economic and political ends. They see the world as it was fifty or a hundred years ago, when disputes were settled with conflict and shortages were satisfied by further exploitation. Our politicians make it apparent that, for them, understanding science and using technology to solve problems is too hard.

Contrast today’s leadership with that of John F. Kennedy as he spoke of his vision of the future in his September 12, 1962, call to the nation to put a man on the moon by the end of the decade:



We choose to go to the moon in this decade and do the other things, not because they are easy, but because they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win, and the others, too.



What has changed? Why did we see science and technology as the means to “organize and measure the best of our energies” and now we discount and ignore the very capabilities that these pursuits have provided? The solution to what is arguably the most pressing problem that has faced the people of the United States, if not the world—a renewable and sustainable energy future—lies in exploiting the knowledge we have developed over millennia. Thirty years from now the world’s superpowers will not be those with the most powerful militaries; they will be the countries that imagine an efficient energy future and apply the world’s knowledge to make this future real.

If the United States is to remain a superpower, we must recapture a sense of confidence in what we can accomplish with our most abundant and valuable resource: our imaginations.
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THE THINKING MAN’S DIET

At twelve, I was convinced I had stumbled upon the ultimate diet, and it was going to make me rich. I was a skinny kid who spent most of my adolescence combining Hostess Twinkies, instant pudding, heavy cream, lots of eggs, and cans of sweetened condensed milk in various high-caloric proportions in a tireless effort to bulk myself up—while the rest of my family struggled with their weight.

My stepfather swore by The Drinking Man’s Diet, the invention of Robert Cameron (aka Jeffrey Roberts), a San Francisco bon vivant and entrepreneur who marketed a “fun” diet in a fifty-page pamphlet that sold for one dollar in 1964. Predating Atkins by nine years, Cameron advocated healthy weight loss by reducing one’s consumption of carbohydrates, leaving dieters free to dine on porterhouse steaks, lobsters languishing in garlic butter, and salads smothered in Roquefort dressing. Cameron’s real genius was in recognizing that distilled spirits like vodka, gin, and whiskey contain only trace amounts of carbohydrates. Hence, there was no reason to abstain from a brandy after that Chateaubriand. In short, Cameron preached that it was possible to lose weight while eating, drinking, and making merry. So appealing was this message that in only two years’ time The Drinking Man’s Diet had been released in thirteen languages and sold 2.4 million copies. Cameron was set for life. At this writing, the still svelte ninety-something’s diet book is still in print.

If Cameron could get rich by inventing a diet, why couldn’t I? In addition to a diet simply working, it seemed a catchy name was essential to success. I would call mine The Thinking Man’s Diet.

Somewhere—I can’t remember where—I had learned that our brains consume more energy than our skeletal muscles. It was obvious: Think more and lose weight. I pictured a daily regimen where calisthenics were replaced with solving algebra problems, jogging with games of chess, and pumping iron with deciphering the daily crossword puzzle. And if you ate that dish of triple-chocolate-fudge ice cream after dinner, a few jumbles or geometric proofs before bed would serve as penance. This wonderful fact also seemed to explain why I was so skinny—I just thought too much, which is exactly what my grandmother always said. It was clear, at least to me, that The Thinking Man’s Diet could make millions.

But there was a glitch in my master plan. Specifically, the relative energy consumption of brains versus muscles is with respect to the basal metabolic rate, or BMR. For persons totally at rest, their brains consume energy faster than their muscles. Working muscles, however, are a different story.

The skeletal muscles of a typical 75 kg (165 lb) adult male make up about 40 percent of his body mass. This resting muscle consumes slightly less energy than a 15-watt refrigerator bulb. But put only some of these muscles to work pedaling a bicycle and a moderately conditioned rider will burn energy at the same rate as five 100-watt lightbulbs. A world-class rider can use energy at the same rate as a handheld hair dryer, 2,000 watts.

So, if algebra were to substitute for calisthenics, a thinking brain would need to use much more energy than one at rest. Here was the flaw in my get-rich-quick diet plan: Once again, consider a 75 kg adult male whose brain will account for approximately 2 percent of his body mass, roughly 1.5 kg. While sleeping, this brain will be using slightly more than 15 watts. Wake our subject and confront him with a calculus exam, and his brain will still require 15 watts of power. Have him solve the New York Times Sunday crossword puzzle, take an IQ test, or learn and explain the General Theory of Relativity, and how much power will his brain use? You got it.

Our brain is the only organ that consumes energy at a nearly constant rate, while all other organs respond to the demands placed upon them. Our hearts, which account for only one-half of one percent of our body mass, use a whopping 10 watts of power while resting. Ask the heart to supply blood to the muscles of our cyclist, and its power requirements will increase. The same is true of our kidneys, liver, organs of the gastrointestinal tract, and lungs—all use energy in proportion to the work they are being required to do. Except for our brains.

Alas, there was to be no Thinking Man’s Diet. There was to be no pamphlet—not in any language, let alone in thirteen of them.

The adage “You can do anything you put your mind to” had to be nonsense. With a constant power supply, our brains must function like a car with a broken accelerator—the driver can neither speed up nor slow down. Is this true? Are we limited in what we can do with our brains? We can check by measuring the rate at which brainwork accumulates. If our brains are like that car with the broken accelerator, brainwork will accumulate at a constant rate.

However, before we can start our bookkeeping, we need a more tangible definition. What exactly is the product of the working brain?

For most organs, this is an uncomplicated question. The work done by the heart is measured by the quantity of blood it pumps. The work done by the gut is related to the amount of food digested. And the work done by the lungs is associated with the volume of air inhaled. When it comes to the brain, though, the issue is not as obvious.

An essential component of brainwork is connected with actuating the nerves of the voluntary and involuntary muscles. When I reach across the table to grab the last chocolate chip cookie, it is because my brain is sending signals to my arm, shoulder, hand, and fingers. However, in human beings, only a small portion of the brain is involved with this task; the greater part is busy with other activities that are more easily illustrated than explained. So, picture yourself driving a rollover-prone SUV at 75 mph on a straight stretch of interstate. Suddenly, a piece of debris causes the front right tire to blow.

Two things have just occurred: First, you did exactly as I asked. You formed a mental image of an SUV striking a piece of debris. Second, not only did you imagine the SUV as instructed, but you also took the next step unbidden and pictured the vehicle tumbling end-over-end down the interstate. Our imaginations display an almost physical inertia—once the process begins, it must continue. This is what imagination is all about. We have the ability to hold on to real or fictitious ideas and events and explore the multifold possible outcomes that may result. In short, we have the ability to ask and seek answers to the question “What if?” Your response to the SUV situation is the natural result of attempting to envision the consequences of the question I posed, “What if the SUV you are driving has a blowout?”

For the most part, we are unaware of all the What if? questions our minds grapple with on a daily basis. All of us have had at least one of those Eureka! moments, when an idea or solution to a problem seems to pop into our heads. In fact, when this happens our brains have been struggling with the problem for hours, days, perhaps even years, experimenting with one scenario after another. It is only after (finally) settling upon a solution or course of action that the question is shifted from the mental background to consciousness—and, Eureka! Our brains are always questioning, always searching for answers, always imagining. Our brains are like that car with the broken accelerator, always running at full speed.

Yet searching, questioning, and thinking are not brainwork, any more than revving the engine of a parked car is driving. Work is the useful product of an action. Whereas our heart, lungs, and gut do work by maintaining our body, our brain does work when providing the stuff that can nourish another person’s imagination. You don’t have to look far to find examples of brainwork. This book was written to nourish your mind. In turn, I was only able to write it because I had access to a computer, text-editing software, the Internet, and reference books. All of these things served to feed my imagination. And the designers of each of these things drew sustenance from the inventions and ideas of others—from other inventors’ and scientists’ and writers’ brainwork.

Brainwork is self-propagating. Each invention grows our collective imagination. With a more robust imagination, we create even more things, which further nourish our imaginations, and so on. The adage about doing anything you put your mind to appears to be true after all. Which means we are left with a paradox: How can we do more with an apparently constant energy supply?

The solution is obvious. All of the “stuff” that nourishes our imaginations comes with an energy source. The energy to power the computer and text-editing software I mentioned did not come from the 15 watts allocated to my brain. I also did not have to draw from my own brain when looking for information—I did an Internet search that was powered through a worldwide electrical distribution system. And when I could not find what I wanted on the World Wide Web, I did it the old-fashioned way and read books, which had been produced with the aid of electric printing presses and were then distributed to libraries and bookstores with trucks powered by gasoline and diesel engines. In a very real sense, I could do more brainwork because my imagination was able to tap in to a virtually unlimited energy resource—a pipeline of brainwork, so to speak.

Brainwork is the defining product of a civilization. Hence, it is not surprising to see cultures flourish when energy is available and collapse when it dwindles. The United States—blessed with abundant timber, coal, oil, and hydroelectric power—has risen to become one of history’s great civilizations. Our brainwork is unprecedented, including great works of art and literature, architecture and science. We have deciphered the human genome, cured diseases, and journeyed to planets. Yet, the very abundance that made this possible may now be failing.

Forty years ago, we produced the energy we used. Now we are dependent on other countries to provide the fuel demanded by the fires of our imaginations. Though we represent less than 5 percent of the world’s population, we consume 25 percent of its energy production, importing over half of the more than 20 million barrels of oil we consume each day.

Other nations have instigated wars to win freedom from the yoke of energy dependency. December 7, 1941, is remembered most often as the day of the “unprovoked” attack on Pearl Harbor and the beginning of U.S. involvement in World War II. We seldom recall that before this date, America—the world’s largest oil producer of the time—had embargoed oil shipments to the Japanese. The bombing of the U.S. fleet protected Japan’s flank as its forces moved to secure the oil fields of Indonesia. And though our leaders deny that the war in Iraq has anything to do with oil, the United States is occupying the country with the world’s second-largest proven reserves (112 billion barrels) and with undiscovered oil assets estimated at 200 billion barrels.

At the same time our reliance on foreign oil is growing, we have come to recognize that using the energy sources that have fed our imagination for centuries—coal, oil, and gas—may endanger the planet. The evidence for global warming has grown to the point that it is difficult for reasonable people to be dismissive of those alarmed by the prospect of climate change. These people envision a world that is far less hospitable than the one in which we presently live.

Confronted with energy dependency and global climate change, our course forward should be obvious; however, with energy as the key resource allowing us to exercise our imaginations, it is not surprising we are ambivalent as to how to proceed. We have developed a Jekyll and Hyde mentality. On one hand, like Dr. Jekyll, we strive to be responsible; on the other, like Mr. Hyde, we seek immediate gratification regardless of cost or consequences.

Dr. Jekyll has led us to consider energy in a more thoughtful way. Where not so long ago we concerned ourselves with the form of the energy we used, now it’s how the energy is made that is more important. Hence, we speak of solar, geothermal, wind, hydroelectric, chemical, or nuclear energy. Of these, solar and wind are forms of renewable energy, which are considered to be good energy or “green” energy, indicating that no harm was done to the environment during its production. Hydroelectricity is a renewable resource that may be considered bad energy if it is generated in dams that interfere with salmon migrations, destroys stretches of whitewater, or obliterates mountain goat habitats. Since the accidents at Three Mile Island in 1979 and Chernobyl in 1986, nuclear energy has been firmly ensconced in the “bad” category, though geothermal energy, which is also a form of nuclear energy, is considered good. Chemical energy, commonly generated by burning something, can be good or bad depending on what is being burned. Coal-derived energy is bad, for example, whereas energy derived from ethanol is good. Ethanol is a form of biomass energy. It does not alter the amount of carbon dioxide in the atmosphere and therefore does not cause global warming. Though wood is also a form of biomass, the energy derived from wood burning is bad because it pumps smoke and other noxious substances into the air.

Mr. Hyde venerates energy consumption and makes his most important energy decisions based on power. Power is a measure of how fast energy is used. A modest car, when speeding away from a stoplight, is consuming energy as fast as a herd of 200 horses thundering across the open range. A stock H2 Hummer generates a paltry 316 hp compared with its cousin, the Viper, which churns out 500 hp. Its energy doesn’t come from grass, however. One pours gasoline right down the throat of the V-10 engine powering this extraordinary auto. Both the Viper and the more common cars on the road, such as light trucks and SUVs, consume energy far faster than what is required for Mr. Hyde to simply get to and from work. But in his imagination, he sees himself whipping around the oval at Daytona or barreling up a 30 percent grade to some off-road Shangri-la.

In many ways, the ambivalence we suffer while trying to plan our energy future is no different from the hesitation people experience when starting a diet. Potential dieters want to be healthier, stronger, and more attractive but worry about giving up the foods they enjoy. What is needed is an energy diet like Cameron’s drinking diet—one that will let us enjoy all the world has to offer without undue deprivation.

There has never been a better time to formulate such a diet, for we have spent centuries studying energy. We have at our disposal the brainwork of thousands; some from scientists who discovered the natural laws that control energy and its use. Others built on this brainwork, enabling us to build efficient machines and, more important, routes toward their improvement. We know how to extract energy from the wind, water, sea, and air. And we have come to appreciate the complexities of the environment and our interaction with it. We can imagine and make real a renewable and sustainable energy future if we can only gather the determination.

Like any good diet, motivation to persist must come from envisioning an energy future in which the United States will be politically and economically more secure, where our nation will be more competitive, improve its world image, and boost the standard of living for its citizens. And, most important, where we will be able to feed the fire of our imaginations without threatening our existence.

The diet I propose will be built on sound scientific footing. Though it will be scientific, it will not be abstruse. In fact, the background people will need to make sound energy decisions is astonishingly straightforward. It requires a consciousness of the two great laws of nature—the First and Second Laws of Thermodynamics—to which we are all subject. These laws cannot be broken—hence many tend to be unaware of their existence. This is a problem, for when politicians or bureaucrats are oblivious to nature’s laws, nothing prevents them from formulating policies that have no possibility of achieving the desired result.

For our energy diet, becoming conscious of nature’s laws is a little like recognizing the difference between carbohydrates and protein. It’s a good starting point, but much more is required. We need to explore energy in detail—how it was formed and how it evolves. We will also strive to understand how we became energy-dependent creatures, and how this hunger has been satisfied for thousands of years. We will take a close look at the consequences of our energy appetite. Finally, we will put it all together to imagine a secure and renewable energy future and formulate a “diet” to achieve this end. Let me suggest: The Thinking Man’s Energy Diet.
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DIET BASICS I

Nothing But Energy

Having been fascinated with weight loss since an early age, I have come to believe that metabolism is key to a successful diet plan. This also holds true for an energy diet. There are two parts to our study of metabolism: energy and nutrients. We have all heard that junk food provides energy but is short on nutrition, and that for some unknown reason less appetizing green things, particularly Brussels sprouts and broccoli, are highly nutritious.

My mother had her own way of distinguishing between energy and nutrition. She called foods high in energy but lacking in nutritional value “empty calories” and those that were nutritional “good calories.” When I was young and could consume eight to ten bottles of Coke a day without gaining an ounce, I was running on empty calories. Now that weight comes a little easier, I drink Diet Coke without any calories, empty or otherwise.

To formulate The Thinking Man’s Energy Diet we must be cognizant of metabolism. It will not do to reduce our energy intake if the result is a malnourished imagination. For, just as there are empty calories that don’t help our bodies stay healthy, there are “empty” forms of energy that can’t be used for brainwork. Fortunately, two laws of nature will aid us in our examination of energy metabolism.

These laws form the joint columns upon which the entire structure of science—physics, chemistry, biology, physiology, and engineering—rests. The first of these great laws warns us against fad diets and quick fixes. It does not allow energy to be created or destroyed. In other words, energy is conserved. The second distinguishes between “empty” and “good” energy. We must spend a little time becoming better acquainted with these laws before we can tackle energy metabolism; and in deference to its name, I will begin with the First Law of Thermodynamics.

Before energy was called energy, it was called vis viva, the living force, and was thought of as what made the universe work. Its most obvious characteristic was making things move: stars, planets, people, horses, clouds, you name it. If it moved, it was endowed with vis viva.

The energy of motion, or what we now call kinetic energy, is but one of energy’s many forms. It holds a special place in our discussion, for it was through motion that humankind was first alerted to the permanence of energy, and this realization grew from our fascination with moving things. The sling, throwing stick, blowgun, and bow and arrow were among the first man-made objects and did nothing more than impart motion to sticks and rocks.

But it didn’t stop there. If something, anything, could be made to move, we found a way to do it. We invented catapults to hurl enormous stones and sails and oars to move boats. We harnessed animals to carts and moved our belongings. The Chinese invented rockets and Europeans altered this technology to make cannons and guns. Steam engines were invented to move water but were quickly modified to move riverboats and locomotives, which, in turn, moved us. That brings us to the “people movers”: horses, cars, trucks, bicycles, unicycles, motorcycles, scooters, Segways, boats, submarines, planes, all-terrain vehicles, pogo sticks, Rollerblades, rickshaws, ice skates, skis, skateboards, snowmobiles, and parachutes—to name a few. And when not moving ourselves, we are frequently moving other objects. In fact, we have invented a plethora of things that serve no purpose other than to move: golf balls, tennis balls, footballs, baseballs, hockey pucks, kites, yo-yos, hula hoops, bowling balls, darts, Frisbees, boomerangs, and batons.

We are so enthralled by motion that those who move the fastest, farthest, or longest are enshrined. Why else would anyone try to set—let alone break—the land speed record of 762 mph? Or the 152-mph land speed record while motor pacing (where a bicycle drafts in the wake of a motorized vehicle)? Given our attraction to motion, it is clear why we are so easily seduced by the quick-fix diet of perpetual motion and a never-ending source of energy.

Claims for the discovery and invention of perpetual motion machines have a rich history. The earliest known account dates to the “magic wheel” of eighth-century Bavaria, which was supposed to exploit the magnetism of lodestones, causing a wheel to rotate forever. It didn’t work. Five hundred years later, the French architect Villard de Honnecourt proposed mounting seven heavy movable hammers to the rim of a large wheel revolving around a stationary axle. When a hammer reached the apex of its rotation, it was hinged to fall forward in the direction of rotation. In this way, Honnecourt reasoned, there would always be more weight on the descending rather than the ascending side of the wheel, and hence its motion should be permanent. The bothersome fact that the device did not work hardly moderated the architect’s enthusiasm. He advocated its use for such things as sawing wood, raising weights, and building “an angel whose finger turns always toward the sun.” No less an intellect than Leonardo da Vinci made several drawings of machines he hoped would move eternally. A few years later, in 1518, Mark Anthony Zimara designed a windmill propelled by bellows powered by the windmill itself.

The list does not slacken in modern times. Guido Franch was convicted of defrauding his investors in 1973 with green powder that, when mixed with water, was supposed to transform into a high-octane fuel. In 1977, Arnold Burke raised almost $800,000 to support his development of a self-acting pump. During its demonstration investigators found a hidden electrical power source, paving the way for a fraud conviction and $250,000 in fines and penalties. So common are these continuing claims for perpetual motion that, as far as the U.S. Patent and Trademark Office is concerned, they fall into a special class that requires submitting a working model along with the standard patent application. What motivates the continuing hunt for the Holy Grail of machines, and the gullibility of those who invest in the search, is the absence of any proof that they do not exist. The impossibility of perpetual motion is rooted not in a mathematical truth, like the formula for the circumference of a circle, but in experience. Over millennia, every single attempt to build ever-moving machines has ended in frustration and failure. Most scientists have come to believe that our universe obeys natural laws, some of which preclude perpetual motion. One of the implications of this perceived truth is that energy is conserved. One cannot build a perpetual motion machine that would do work, like the type proposed by Villard de Honnecourt, because this would create energy.

The conservation of energy is a principle known to virtually every schoolchild. However, knowing and applying are two different things. The lure of perpetual motion is powerful—so much so that we can be misled to pursue policies founded on the faulty notion that energy can be created from absolutely nothing. This was the case when President George W. Bush unveiled his plans for a hydrogen-powered car during his State of the Union address of 2004. He proposed $1.2 billion in spending to develop a revolutionary automobile deriving power from hydrogen fuel cells. The president vowed that within twenty years, hydrogen fuel cell cars “will make our air significantly cleaner and our country much less dependent on foreign sources of oil.”

With the benefit of becoming less dependent on foreign oil, Bush was proposing a program to create energy—in effect, a fad diet that wouldn’t save a drop of oil. Why wasn’t the New York Times running stories with headlines like “President Proposes Development of Perpetual Motion as an Energy Policy”? Unfortunately, it was because too few had the background to critically evaluate the president’s statements. It’s not that energy conservation is a difficult principle to understand. The subtleties arise because “energy” has many faces.

Energy is something that is easy to define but hard to comprehend. Energy is everything. The paper on which this book is printed is one form of energy. The light illuminating it is another, and the heat in the air where you now sit is yet another. The principle of energy conservation tells us that there is as much energy in the universe today as ten billion years ago; and there will be the same amount ten billion years in the future. The only thing that has changed, or will change, is the form this energy takes. As simple as this fact is to state, it took a long time to discover.

Our understandable preoccupation with kinetic energy explains why it took thousands of years before we learned to recognize energy in all of its forms. While one can see the motion of a thrown rock, and feel its energy if it strikes you, the same cannot be said of a stone perched atop a hill. Nevertheless, it, too, has energy, for with just a slight shove it will begin to move—which we call potential energy. A stone heated by a fire also has energy. That it has anything in common with the thrown stone or with the one perched atop the hill is anything but obvious.

By some accounts, a similar concern about apples in 1666 could have provided Sir Isaac Newton the necessary insight to link two of energy’s forms. He knew that a falling apple possessed the most recognizable form of energy, that of motion. He also realized that hanging apples could fall and thus possessed potential for movement: potential energy. Applying the laws of motion that he had discovered, Newton could have determined exactly how much potential energy there is in an apple, or in any other object, including that stone on top of the hill.

On first consideration, there doesn’t appear to be anything particularly special about either potential or kinetic energy. However, a simple experiment shows more is here than meets the eye. If the apple falls, it moves faster with each passing instant, transforming potential for motion into motion. Its kinetic energy increases while its potential energy decreases. Add the two together and we get a quantity with the uninspired name total energy. While the apple is falling, total energy is conserved; that is, it is constant: The apple has the same amount of total energy midfall as it does the instant before it hits the ground. This means that energy isn’t being lost or created, it is just changing form. This is all that falling is—the transformation of energy from one form to another.*1 

Another aspect to this: When the apple hit the ground, however, its kinetic energy vanished without an increase in potential energy. Its total energy appeared to suddenly change and, as if by magic, energy disappeared. It required more than a hundred years to discover that energy was conserved and that the missing factor in the falling apple experiment was heat.

It would not be until the late nineteenth and early twentieth centuries that we would fully understand that heat is just another kind of energy of motion. Before this time, the prevailing view held that heat was something totally separate from energy—an invisible fluid, named “caloric” in the 1770s by Antoine Lavoisier, the father of modern chemistry. Artifacts of this stubborn and persistent notion are found in phrases like “heat flow” and “heat capacity,” terms born of an unfortunate juxtaposition of technology with science.

In 1712 relating heat to energy became urgent, for it was then that Thomas Newcomen invented the steam engine. Originally designed to pump water from mines, the steam engine was nothing more than a machine for harnessing energy, which was just the brainwork we needed to get the Industrial Revolution under way. And this is why heat became important: The hotter a steam engine runs, the more work it can do. Throughout the remainder of the eighteenth century, people like James Watt and Richard Trevithick labored to improve steam engines by making them do even more work—and hence make more money.

As heat is typically the result of burning something, and burning was the province of the new science of chemistry, it seemed natural that chemists should be the people to explain heat. This was regrettable, for unlike physics, where we talk about mass, force, and velocity as concepts independent from the existence of real things, chemistry is about tangible elements and compounds. And so, it is not surprising that chemists should impress upon heat a physical form. In his seminal 1789 text An Elementary Treatise on Chemistry, Lavoisier begins his list of the thirty-three “known” elements with caloric, followed by light, then oxygen, nitrogen, and hydrogen. Two decades later, the Swedish chemist Jöns Jakob Berzelius classified caloric as one of five invisible and weightless substances, along with positive and negative electricity, light and magnetism.

Like its presumed vaporous counterpart static electricity, caloric was pictured as “self-repulsive,” a property that was believed to explain why everything expands on warming. (This generalization is not entirely correct. Rubber, for example, contracts as temperature increases. Over a temperature range of a few degrees, so do water and plutonium.) Heating a thing was supposed to increase its concentration of this repulsive fluid, which should then force its constituents farther apart. While not particularly dramatic in solids, where the expansion is small, it is quite noticeable in a gas, like steam, where the volume change can be used to
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