AN EXCERPT FROM…

The Amazing Story of Quantum Mechanics
By James Kakalios

Quantum Physics? You’re Soaking in It!
Perhaps you share my frustration that, well into the twenty-first century, we still
await flying cars, jet packs, domed underwater cities, and robot personal
assistants. From the 1930s on, science fiction pulp magazines and comic books
promised us that by the year 2000 we would be living in a gleaming utopia where
the everyday drudgery of menial tasks and the tyranny of gravity would be
overcome. Comparing these predictions from more than fifty years ago to the
reality of today, one might conclude that, well, we’ve been lied to.
And yet… and yet. In 2010 we are able to communicate with those on the other
side of the globe, instantly and wirelessly. We have more computing power in our
laptops than in the room-size computers that were envisioned in the science fiction
pulps. We can peer inside a person, without the slice of a knife, performing
medical diagnoses using magnetic resonance imaging. Touch-activated computer
screens, from the local ATM to the iPhone, are everywhere. And the number of
automated devices we deal with in a given day is surprisingly high—though none
of them look like Robby the Robot.
What did the all those rosy predictions miss? Simply put, they expected a
revolution in energy, but what we got was a revolution in information. Implicit in
the promise of jet packs and death rays is the availability of lightweight power
supplies capable of storing large amounts of energy. But the ability of batteries to
act as reservoirs of electrical energy is limited by the chemical and electrical
properties of atoms. Scientists and engineers are extremely clever in developing
novel energy-storage systems, but ultimately we can’t change the nature of the
atoms. Information, however, requires only a medium to preserve ideas and
intelligence to interpret them.
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Moreover, information can endure for thousands of years—consider the long-term
data storage accomplished by the Sumerians, whose cuneiform writing on clay
tablets enables us to learn about their accounting systems and read the epic tale of
Gilgamesh from four thousand years ago. These dried clay tablets, currently held
in modern-day Iraq, are fairly bulky, and to share information from them the
ancient Sumerians had to transport the actual tablets. But today you don’t have to
go to Iraq to read the Sumerian tablets—you can view them on the Internet, or
someone could send images of them to you instantly via a cell phone camera.
These advances in content storage and transmission were made possible by the
development of semiconductor devices, such as the transistor and the diode. Back
when the science fiction pulp magazines were first published, data manipulation
proceeded via bulky vacuum tubes; the first computers employed thousands of
such tubes, along with relay switches consisting of glass tubes filled with liquid
mercury. The replacement of these tubes and mercury switches with
semiconductor devices enabled an exponential increase in computing power
accompanied by a similar decrease in the size of the computer. In 1965 Gordon
Moore noted that approximately every two years the number of transistors that
could be incorporated onto an integrated circuit doubled. This trend has held up
for the past forty years and underlies the technological innovations that define our
modern life: from book-size radios in the 1950s to an MP3 player no larger than a
stick of gum in 2005; from a cell phone the size of a brick in the 1970s to one
smaller than a deck of cards today. These advances in miniaturization have come
with continued improvements in the ability to preserve and manipulate
information. (If energy storage also obeyed Moore’s law, experiencing a doubling
in capacity every two years, then a battery that could hold its charge for only a
single hour in 1970 would, in 2010, last for more than a century.)
With no transistors, computers would still require bulky vacuum tubes, each one
generating a significant amount of heat as it regulated electrical currents. A
modest laptop computer currently employs approximately more than a hundred
million solid-state transistors for data storage and processing. If all of these
transistors were replaced with vacuum tubes, each one a few inches long and at
least an inch wide, their physical dimensions, and the need to space them apart to
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avoid overheating, would yield a vacuum tube computer larger than the White
House. Obviously, few institutions aside from the federal government and the
largest corporations could afford such a massive computing device. We would
consequently live in a relatively computer-free world. With computers rare, there
would be no need to link them together, and no need to develop the World Wide
Web. Commerce, journalism, entertainment, and politics would exist under the
same constraints they did in the 1930s. If we’d had a revolution in energy storage
(like the pulps predicted) rather than information storage, we could zip to work
with jet packs, but once we got there we’d find no cell phones, no DVD or
personal video recorders, no laser printers, and no personal computers.
The field of solid-state physics, which enabled the development of these and other
practical devices, is in turn made possible through quantum mechanics. While
science fiction writers were imagining what the future would look like, scientists
at industrial laboratories and research universities were busy using the new
understanding of the quantum world to create the transistor and the laser. These
basic devices form the foundation of our modern lifestyle and have transformed
not just consumer electronics, but chemistry, biology, and medicine as well. All of
our lives would be profoundly different if not for the efforts in the first quarter of
the twentieth century of a handful of physicists trying to understand how atoms
interact with light. These pioneers of quantum mechanics recognized that they
were changing the face of physics, but they almost certainly did not anticipate that
they would also change the future.
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