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“The book’s science is solid and McCarthy’s fervor genuinely infectious.
The future never felt so close.” --- WIRED
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Reviews

"When he experimented with lightning, Ben Franklin mused that electricity 'might
someday prove of use.'! Now comes Wil McCarthy, offering a peek at something so
potentially transforming, our grandchildren may build civilizations around it. If even a
few of these possibilities come true, you'll always remember you heard it here first." --
David Brin, author of The Transparent Society

"Programmable substances and futuristic computers will revolutionize our lives and allow
us to soar beyond the limits of our intuition. No book better describes the impact of
hypercomputing and the dazzling wealth of new materils coming our way than Hacking
Matter." -- Clifford A. Pickover, author of The Mathematics of Oz

""A grand tour of cutting-edge research: alchemy, 21st century style. The author makes an
informative case for the promising, even magical, potential of programmable atoms." --
Publishers Weekly

"McCarthy effectively conveys the inherent gee-whiz character of his subject. A fascinating
glimpse of research that may in a few years find its way into our everyday lives." --Kirkus
Reviews

"[T]he book's science is solid and McCarthy's fervor genuinely infectious. The future never
felt so close." -- Jennifer Kahn, WIRED

"McCarthy blends lucid nuts-and-bolts explanations of 'quantum dots' and other
developing technologies with healthy doses of 'You ain't seen nothin' yet' descriptions of
speculative applications. A fascinating book for any reader intrigued by new technologies."
-- Barnes and Noble

"Promises to create a thunderclap of change. McCarthy takes a fantastical concept, coolly
explaining it in a plausible way, and helps even the most science-deficient reader to
understand how 'hacking matter' works, and what it means for all of us." -- Dallas
Morning News



"Through the works of aerospace-engineer-turned-science-fiction-author Wil McCarthy...
the promise of programmable matter could make the technology revolution wrought by
semiconductors to date look like a warm-up for the main act. " -- Stephen Cass, IEEE
Spectrum

""An excellent guide to some cutting-edge science. McCarthy has now joined the league of
major writers like Asimov and Clarke who are comfortable writing both science fiction and
science fact." -- Fred Cleaver, The Denver Post

"Veteran science fiction writer Wil McCarthy explores a frontier of real-world possibilities
that could make all previous technological revolutions look like artifacts from the stone
age. He has a knack for expounding hard science in layman's terms, [and] speculates
enthusiasically on the potential benefits. " -- David Colterjohn, San Francisco Chronicle

"McCarthy employs a soothing narrative manner that draws reads into the story; even
when the science gets tough to digest, there's enough freewheeling speculation to keep you
going. Throughout, McCarthy describes the phenomenon of programmable matter as a
kind of magic. His knack for describing it is magical in itself." -- Booklist

"Excellent. there's a sense that he's onto something really important -- the kind of thing
that scientists and science fiction writers will be exploring for decades to come." -- Cory
Doctorow, Boinboing.net
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To Michael and Evalyn McCarthy,

for making me curious
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We’'re always looking for new physics;
new behavior that has never been seen
before. Once we find it, of course, we
start to daydream.

----- MARC KASTNER
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JuLy 4TH, 2100
PROGRAMMABLE MATTER: A RETROSPECTIVE

THE FLICK OF A swiTcH: a wall becones a w ndow becones a

hol ogram generator. Any chair beconmes a hyperconputer, any
rooftop a power or waste treatnent plant. W scarcely notice;
programuabl e matter pervades our homes, our workpl aces, our
vehi cl es and environnents. There isn't a city on Earth -- or
Mars, for that matter -- that isn't clothed in the stuff from
head to toe. But though we rarely stop to consider it, the
bones of these cities -- their streets, their sewers, the hearts
of their telecomnetworks -- were laid out in a tinme when the
properties of matter were dictated exclusively by nother nature.

Just imagine: if specific nechanical or electrical properties
were desired, one first had to hire mners to extract
appropriate elenments fromthe Earth, then chem sts and

metal lurgists to m x precise proportions under precise
conditions, then artisans to craft the resulting materials into
conponents, and assenbl e the conponents into products that could
then be transported to the | ocation of desired use. The

i nconveni ence nust have been staggering.

In the 22nd century, of course, any conpetent designer wll
sinply define the shape and properties she requires -- including
"unnatural" traits |like superreflectance, refraction natching
(invisibility), and electronmagnetically reinforced atom c bonds
-- then distribute the configuration file to any interested

users. But prior to the invention of wellstone -- the earliest
form of programmable nmatter -- this would have sounded |i ke
purest fantasy. Wth this in mnd, we'll ook back on the

i nvention upon which, arguably, our entire nodern civilization
rests.

Consi der silicon, whose oxide is the prinmary conponent of rock -
- literally the conmonest material on Earth. Humans had been
maki ng hammers and axes and mllstones out of it for mllions of
years, but as it happens, silicon is also a sem conductor -- a
mat eri al capabl e of conducting electrons only within a narrow
ener gy band.
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Whil e invaluable in the devel opment of 20th century digital

el ectronics, silicon's "killer app"” eventually proved to be as a
storage nediumfor electrons. The layering of doped silica in
particul ar ways can trap conduction electrons in a nenbrane so
thin that fromone face to the other, their behavior as tiny
guant um wave packets takes precedence over their behavior as
particles. This is called a "quantumwell." Fromthere,
confining the electrons along a second di nensi on produces a
"quantumw re,” and finally, with three dinensions, a "quantum
dot."

The unique trait of a quantum dot, as opposed to any ot her

el ectroni c conponent, is that the electrons trapped in it wll
arrange thensel ves as though they were part of an atom even
t hough there's no atonmic nucleus for themto surround. Wi ch
atomthey emul ate depends on the nunber of electrons and the
exact geonetry of the wells that confine them and in fact where
a nornmal atomis spherical, such "designer atonms" can be

fashi oned into cubes or tetrahedrons or any ot her shape, and
filled wth vastly nore electrons than any real nucleus could
support, to produce "atons"” with properties that sinply don't
occur in nature.

Significantly, the quantum dots needn't be part of the physical
structure of the sem conductor; they can be maintained just
above it through a careful balancing of electrical charges. In
fact, this is the preferred nethod, since it permts the dots
characteristics to be adjusted w thout any physical nodification
of the substrate.

Wio "invented" wellstone remains a matter of confusion and
debate; simlar work was being perfornmed in parallel, in

| aboratories all over the world. Regardless of where the idea
originates, the concept itself is deceptively sinple: a lattice
of crystalline silicon, superfine threads nmuch thinner than a
human hair, crisscrossing to forma translucent structure with
roughly the density of polyethylene. It behaves fundanentally
as a sem conductor, except that with the application of

el ectrical currents, its structure can be filled with "atons" of
any desired species, producing a virtual substance with the nass
of diffuse silicon, but the chem cal, physical, and el ectrical
properties of sone new, hybrid material.

Wel | stone iron, for exanple, is weaker than its natural
counterpart, |ess conductive and ferromagnetic, basically |ess
iron-like, and if you bash it over and over with a golf club it
will gradually | ose any resenbl ance, reverting to shattered
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silicon and enpty space. On the other hand, it's feather-I|ight,
whol | y rustproof, and changeable at the flick of a bit into
zinc, rubidium or even otherw se-inpossible substances |ike

i mpervium the toughest superreflector known.

O the changes w ought by programmable matter in the past
hundred years, not all have been universally welconmed. In the
grand Pronethean tradition, wellstone places the power of
creation and destruction squarely in human hands. Many have
argued that far from maki ng us strong, this power fosters a
qui et corruption of spirit. Still, the fable of the three
little pigs holds true -- not even the Luddites anong us build
t heir houses of straw or sticks when inperviumis a free

downl oad.
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@

Clarke's Law and the
Need for Magic

O Nature, and O soul of man! how far beyond all utterance are your linked analogies!
Not the smallest atom stirs or lives on matter, but has its cunning duplicate in mind.

-- HERMAN MELVILLE, MOBY DIck (1851)

THE HARDEST THING YOU CAN Ask THEM IS how old they are. The
guestion seens to rock them back, to give them pause. "I guess
|"'m 38," one of themtells nme uncertainly. "I mnust be 54,"
anot her answers, after even longer deliberation. [It's not that
these nen are slow, it's that they're physicists. And they're
involved in a research area as promsing as it is new and
strange, so if they seema little distracted, well, c'est |la
vie. Despite nodesty and caution so deeply ingrained that it
m ght well be genetic, they also project an air of barely
contai ned excitenment. They're building a magical future, and
they know it.

Through the entirety of human history, fromthe nonent the
first stone was picked up and hurled at an attacki ng predator,
our lives have been shaped and focused and enpowered by our
technol ogy. Nature woul d have us naked and unpr ot ect ed,
scrabbling in the dirt for sustenance; we prefer to be clothed
and warm wel |l nourished, and equi pped with a variety of tools
to shape and interact with the environnment around us. Initially
these tools were found objects: sticks and stones. Later, we
began to shape them for specific purposes, and then to connect
themin intricate ways. W progressed fromtools -- static
pi eces of specialized matter -- to machi nes, which are tools
t hat can change their shape, and convert energy fromone formto
another. WMatter that works, so you don't have to. Soon, we
were experinenting with abacuses, and with ani nated nodel s of

t he heavens known as "orreries.” These led directly to
mechani cal cal cul ati ng machi nes, and eventually to designs for
general - purpose conputers -- matter that thinks. This idea no
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