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Applied Curiosity
Hugh Aldersey-Williams

Though they both lived and worked for many years
in the Los Angeles area, it seems that designer Charles
Eames and physicist Richard Feynman never met. From
their studio at 901 Washington Boulevard in Venice,
Charles Eames and his wife, Ray, created some of the
most innovative furniture and other designs of the
twentieth century. Feynman worked less than twenty
miles away, at Caltech, and in 1965 was awarded the
Nobel Prize for his development of quantum electro-
dynamics, which explains the interaction of particles
and electromagnetic radiation such as light in terms
of quantum theory.
Not much in common, it might seem at first glance.
But what set the Eameses apart from other designers
was an ability—and an urge—to communicate complex
ideas in visual terms. In addition to furniture, they
produced films and exhibitions, many of them on
scientific themes. Feynman, too, was acclaimed as a
teacher and communicator for whom visualization was
an essential tool. His most eloquent demonstrations of
the power of visualization in science are the diagrams
that now bear his name. These describe the interaction
of radiation and particles of matter in a shorthand
that is both mathematically accurate and graphically
narrative. The timelines that the Eameses pioneered in
order to present complex ideas in history and science
have similar powers for a different audience. Both kinds
of diagrams map time and space to portray relations
between events that may be causal or coincidental.
There are more specific reasons to lament this
missed connection. In 1959, Feynman gave a now-famous
lecture titled “There’s Plenty of Room at the Bottom.”?
In his characteristically iconoclastic way, he had looked
broadly at science and found what others had largely
missed, namely that it would be nice to be able to do
chemistry with precision for a change, building desired
molecules atom by atom rather than throwing together
large quantities of reactants and leaving all the
organization to chemical forces outside our control.
Feynman imagined how novel and useful articles might
be assembled atom by atom, giving as an example a
robot that could enter the body to perform medical
procedures. This was the seed of nanotechnology. The
Eameses, in turn, invited contemplation of that nano-
sized world in their 1968 film Powers of Ten, inspired by
Kees Boeke’s book Cosmic View: The Universe in Forty
Jumps (1957). The eight-minute film is in effect a single
zoom shot, calibrated according to the level of
magnification seen at any instant through the camera,
expressed in exponential powers of ten. The need for
designers is implicit in Feynman’s challenge. And the
potential for designers to respond is evident from
the nature of the Eameses’ intelligence. The combining
of these two forces is a consummation to be devoutly

Charles Eames and Ray Eames. The
Office of Charles and Ray Eames.
Traffic pattern for the exhibition
Good Design, Chicago. 1950
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Feynman Diagram. 1949
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Charles Eames and Ray Eames. The
office of Charles and Ray Eames.

stills from powers of Ten: A Rough

h for a proposed Film Dealing

with the Powers of Ten and the
gatlvo gize of the Universe. 1968
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wished for. Yet it did not happen in Los Angeles forty
years ago, and it does not happen in general today.

Trlgie&sgj;hg;_thgfg_ig{ a connection between
science and design at all stems from the vague notion
that these two gjgpwceféﬁé_ind th;e ‘same.
Leonardo da Vinci was the archetypgrdesigner—scientist,
the Renaissance man whom we unreasonably hold respon-
sible for our contemporary expectation of such a
synergy. Less than two centuries later, Robert Hooke
and Christopher Wren, two of the founders of the
Royal Society in 1660, the world’s first academy of
sciences, were architects and scientists both. But just
a century after that, the split was beginning to appear.
The attempts of the illustrious club of scientists and
entrepreneurs known as the Lunar Society (members
included chemist Joseph Priestley, steam-engine pioneer
James Watt, and industrialist and potter Josiah wedgwood)
to maintain a dialogue already seemed strained. After
one moonlit session, Wedgwood was driven to complain:
“T have got beyond my depth....These wonderful works
of Nature are too vast for my narrow microscopic
comprehension. I must bid adieu to them for the
present, & attend to what better suits my Capacity.
The forming of a Jug or Teapot.”? For the sciences were
growing in volume and complexity. Beginning with the
microscope and telescope, new technologies enabled
investigation of regions invisible to the naked eye,
further removing the scientific from the daily realm.
The Industrial Revolution and the commercialization of
design—which became known as one of the “useful
arts”—merely served to widen the chasm.

Today, at the beginning of the twenty-first
century, the communities of both science and design
see that they have removed themselves too far from
society—and from one another. For many designers,
it is no longer enough to fulfill the demands of commer-
cial clients. They wish their art to be something more
than just “useful.” Through critical or polemical projects,
they signal their readiness to play a more transfor-
mative role in society. For their part, scientists are
confronted by growing mistrust of what they do,
and many realize that they must work harder to win
public support.

Some science is necessarily remote. Science seeks
to encompass the dimensions of time and space from
the 10-'® meters to the 102 meters of Powers of
Ten—and beyond. Yet for most of us, scale is a prison.
We see our world in feet and inches, meters and centi-
meters. It is hard enough to resee the same world
even as little as a factor of twelve smaller or larger,
as Gulliver found on his travels to the islands of Lilliput
and Brobdingnag. The difficulties only multiply when
we try to perceive the world far smaller than this.
They do so because, confusingly, while some of the
normal rules of nature continue to apply in microcosm,
other apparently fundamental qualities, such as color
or gravity, seem to apply no longer, and bizarre new
rules may even come to the fore in their place.
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. " ; : quantities related to the size of things with great care,
Visualization

: . 2 53 i hat a degree of rigor was vital in order to
Consider the symmetry of three-dimensional objects. Z:Z\gl;?tthis improiab!e ta|eg. Thus, we learn that
The I|3r|t||sh and A:erlcar; c:emths ihia I 1985 dlscoverjed g g because Gulliver is twelve times taller than a Lilliputian,
adn:?t(j:‘cu :r r;iw lorm 2 ffl_e efement ;:lebon—: sugprlse 8 it takes a force 1,728 (12 cubed) times more powerful
- +
adcs |‘on o the 9”9 am'. lar“ToEms:of diamond an : 3 to move him about (because force relates to mass, and
graphite—named it buckminsterfullerene. The molecule’s F.: ! mass relates to volume, which is given by multiplying
. . ’
s.nxty carbo.n atoms are arranged in a hollow,.symmet— 8 3 together all three linear dimensions). These more or less
rical c.age, like th? structure of one of architect E 2 intuitive estimations quietly demonstrate the univer-
Buckminster Fuller’s geodesic domes. The shape of these 5 é sality; of physical taws: they apply indiscriminately at all
molecules proves structurally advantageous at the H 3
. z a % scales; they do not themselves scale.
scales of the chemical bond and human construction. H . ; hen it
. ; . L swift’s consistency breaks down, however, when |
The same symmetrical form is found elsewhere in nature, 3 to less obvious laws of physics. If, when Gulliver
as well, for example in viruses and in the skeletons of - e U
v p i . - : § wades into the sea to confound the navy of Blefuscuy,
the marine protozoa known as radiolarians—intermediate z Liliout’s enemy, he finds the water has its usual fluid
in scale between the molecular and the architectural. ua?ities for hi;n then for the enemy ships it would be
. % . . q ’

Recent studies in physics, m.ean.w.hnle, have found that more like treacle, a glitch familiar from the execrable
the same symmetry. may be significant at the extreme special effects in old films involving set-piece battles
has Of‘ khi mcnie: |.n the shapes of mltzs o NelRer at sea. As you descend further in scale, still more physical
charge in the nuclei of atoms, and in some theories of laws become important that didn’t assert themselves
Ehe: skructure gt the un|ver§e. . at the human scale. Try to envisage the forces present

TS r.ecurrence af such visual matine sggests as a drug bonds to a receptor site, for example. The
persuasively that a design mentality may be helpful in

insertion of a key into a lock is the conventional meta-
phor. But it is misleading in physical terms because the
forces relating to chemical bonds are unlike Newtonian
forces in important ways. As Feynman wrote, “Atomic
behavior is very difficult to get used to...both to the
novice and to the experienced physicist.”? Visualization
becomes more treacherous the furtheryou travel away
from the human scale. Interestingly, some proponents
of string théér;y think it may be more helpful to auralize
rather than visualize what’s going on: songs may be of
more use than pictures!

comprehending the miniature three-dimensional worlds
of microorganisms and molecules. By extension, perhaps
designers can have something to say about the peculiar
inside-out spatial realm that crystallographers find
convenient to use, or about the x-dimensional extent
of space-time (where x is four in the Einsteinian model
but possibly ten or eleven in the more recent and still
contentious “string” theory).

Visualization, however, can prove woefully misleading,
and scientists have long debated whether it is a useful
tool after all. Physicists Werner Heisenberg and Erwin
Schrédinger argued bitterly about this in the 1920s.
Schrodinger’s image of a wave in a box describing the
behavior of a small particle in a field of force, such
as the negatively charged electron of a hydrogen atom
held in orbit around the positively charged proton
nucleus, was derided by Heisenberg, who felt that
visualization was invalid for quantum phenomena occur-
ring on a scale below the wavelengths of light.

Even at the scale of the visible, the way we visualize
things happening may not be the way they actually
happen. Scottish polymath D’Arcy Thompson’s On Growth
and Form (1917) is a brilliant exploration of visual and _ |
structural similarity among natural organisms, but even
this author is occasionally led into error by the
attraction of a visual image. Thompson reasoned, for
instance, that birds’ eggs must have assumed their
characteristic shape for ease of passage along the
oviduct, where peristaltic contractions squeeze the
tapered end, forcing the egg onward so that it is laid,
as is observed, blunt end first. In fact, scientists
later found that eggs pass along the oviduct tapered
end first and flip round just before they are laid. Joseph W. Lauher. State University

Extension and Inspiration .
With the caveat that it may be unwise to be too literal
about these things, let us travel, like Gulliver, to “remote

nations of the world,” both vast and tiny. Sensory inter—
pretations of aspects of the world that may not be
c sensed directly are just that: interpretations. They are
. not reality; they cannot be. But they can be appreciated
7 ! & " for their suggestive power, even when this goes beyond
280 \ [\ _{:' what is scientifically authentic. It is simply a mat-jte.r of
T ‘A \‘ 1 being clear where the dividing line lies. For NASA, it is on
‘ > N - (‘ L\ ‘\\'Iﬁ\\\ occasion useful to be able to visualize the forces sur—
‘ & ‘ rounding black holes. But f<?r cosmolpgists, theoretical
| physicists, and mathematicians seeking to understand
? /\ such phenomena, such visualizations may equally be a.
s— distraction. Similarly, it is not necessary to have a visual
image of the connectedness of the Internet in order
| to use it effectively. Nor may having such an image help
a software designer. But then again, it just might do some-
thing for someone else, in ways unforeseeable until the
task is attempted. Thus Barrett Lyon’s Opte Project;
on the one hand it is art, but it is also a map of the

of New York at Stony Brook Buckminster Fuller stamp. on the cover of Time magazine, Internet that brings to light new information about
Writing a couple of generations after Robert Hooke's . desi . 2003 (issued : : i

. 2% P 9 ) Molecular Structure of Buckminster— L::'g"'ed by Carl T. Herrman dJandary lo'hl%i)ored a('ser the system itself and its representations of the world.
Micrographia (1665) first revealed life under the fullerene. 2007. Chem-Ray Molecular ed on a painting by Boris 2004). prephosp paper,

h i im f science have mer ely
. i i 4 " 2 Beyond the v1sugll | ages/g_w 1eNC
I ’ L ranslated p ysical Graphics software Artzybasheff that appeared 15/8x11/4" (4 x3.2cm) Y VIS nages




metaphoric power, typically communicating a sense of
progressiveness and optimism through the objects that
adopt them. In the heady early days of nuclear power,
excitedly whizzing atoms adorned the packaging of
consumer products as banal as soap powder. George
Nelson’s Ball Clock is another product that contains an
echo of this short-lived infatuation. The analytical
technique of X-ray diffraction, which was used with
such success to decode the structure of DNA and
other biologically important molecules, produced suf-
ficiently novel patterns, pleasingly combining random-
ness and repetition, that these were taken up in fabric
designs of the period. The double helix of DNA itself
has become an enduring motif expressive of the machi-
nery of life in art, design, illustration, and figurative
speech. Benoit Mandelbrot’s fractal geometry undoubt-
edly lies behind the emergence of a new baroque in
contemporary decorative art, seen in objects such as
Tord Boontje’s lampshades or Mathieu Lehanneur’s Q
Quinton Spray, a nebulizer for aromatherapeutic use.
Such work sometimes seems so at odds with other
trends in design aesthetics that one wonders whether
it would ever have taken this form but for the gloss

of scientific validity.

Using science for inspiration is all well and good, but
caution is necessary if larger claims are made for it.
Not only must it be understood when a concept cannot
apply for physical reasons, for example due to a change
of scale, but it is also important to be clear that
inspiration stemming from science has no special status
over and above inspiration from the usual sources in
history or in other arts. Critic Charles Jencks is thus
misled when he answers his own question, “Why should
one look to the new sciences for a lead?” with these
words: “Partly because they are leading in a better
direction—towards a more creative world view than
that of Modernism—and partly because they are true.”*
Both of these justifications seek to endow design that
is inspired by science with a superior moral authority.
But garden ironwork such as Jencks himself has created
inspired by “quantum waves” has no higher morality or
deeper meaning than a cornstalk fence. Designs with
randomized elements chosen on the basis of DNA
sequences—a recent fashion in architecture schools—
have no closer connection to life as a result. These
phenomena are as good a basis for a stylistic idea as
any, but no better.

The essential shallowness of this sort of fetish for
science is apparent from the selection of ideas involved.
For a start, they are not in fact “new sciences.” It is
a full century since the structure of the atom, quantum
theory, and relativity were properly described. Even
the theories of chaos and complexity originated more
than forty years ago. If not novelty, then perhaps
“weirdness” is what counts, especially weirdness involv-
ing richness and uncertainty. And yet long-standing
weirdness is neglected. Quantum theory fires the

William Ngan of Metaphorical.net.

h Mandelbrot Set. 2006. Java and
imagination because it reintroduced something Processing software

intrinsically mysterious and indeterminate to science
just at the time when it seemed that all might soon be
known for certain. Meanwhile, gravity remains fundamentally
very odd, but because we live with it every day it is
judged less worthy of artistic exploration. The second
law of thermodynamics, the law of entropy, has likewise
escaped much attention, perhaps because it lacks a
convenient visual lexicon, or perhaps because its
implication—that the universe must run down in ultimate
disorder—is too depressing for the creative arts.

Mesoscale Mystery
Like Gulliver, we return from Lilliput and Brobdingnag only
to find that some of the strangest goings-on are
happening at the human scale. There is a case to be
made that, for all their unanswered questions, it is the
very large and the very small that are best understood
by science. The middle of the range, the mesoscale, offers
plenty of mysteries yet. There is much that we know,
from Newton’s laws to chemistry, but there are also the
puzzles of the organization of life, the conscious mind,
and the uncontrollable weather. You don’t need to go
down to the scale of the atom and Schrodinger’s wave-
in—a-box to be awed by the mysteries of waves. Mitsui
Zosen'’s arrangement of wave generators in a circular
tank in order to create standing waves of unwavelike
shapes, such as letters of the alphabet, reminds us
that they are strange enough in the everyday world.
The mesoscale is where matter and energy behave in the
ways intuitively familiar to us, where visualization is
most relevant, and therefore where it is most likely
that designers have a real contribution to make.

All of biology happens at this scale. When he wrote
about technology as the extension of man, Marshall
McLuhan did not explicitly invoke technologies based on
biological systems, although that possibility is inherent
in our conception of such powers—we speak of having
eyes like a hawk or the hearing ability of a dog, we envy
bats’ radar and migrating birds’ navigational skill. The
huge progress in biological sciences during the twentieth
century now dictates that designers should no longer
consider only the mineral world as their raw material.
Early work at this new boundary between science and
design is both exciting and disturbing. Susana Soares
uses the fact that bees can be “trained” to react to
specific odors to harness them in a kind of oIfacFory
appurtenance that could enable us to sense toxm§ or
pheromones. The idea may seem bizarre now, but is it
really any stranger in principle than an explosives—
sniffing dog? It is beyond question that closer appre-
ciation of biological systems of all kinds now raises the
prospect of extending human capabilities in many ways.

If tissue cells can be cultured to emulate human
parts for use in reconstructive surgery, some design-
ers have reasoned, then they can also be made to
follow entirely novel forms. It is a relatively straight-
forward matter to produce something faintly creepy
using these techniques, as Oron Catts and Ionat Zurr




do in their long-running project, Tissue Culture & Art.
Their Pig Wings Project, wing shapes grown from pig
tissue, is an example of a semi-living object, one which,
by title and appearance, mocks the aspirations of the
very biotechnology it utilizes to achieve its result. It
is altogether harder, in these early days, to produce a
thing of beauty. However, Tobie Kerridge, Nikki Stott,
and Ian Thompson may have succeeded with Biojewellery,
a project that allows wedding rings to be exchanged
that are made of bone grown from each marriage
partner’s bone cells.

Other designers are taking their ideas from nature
but executing them in artificial materials. Here is where
nanotechnology and biosciences—apparently so different
both in scale and in what one might call their romance—
actually overlap. James King’s project Fossils from a
Nanotech Future continues a tradition that runs from
Gothic gargoyles to the Tiffany lamps and Blaschka
glassware inspired by contemporaneous drawings of
marine organisms by German biologist Ernst Haeckel. Such
objects are evidence of a shift away from the machine
and toward organism as cultural metaphor. This shift is
seen most unequivocally in Barry Trimmer’s quest to
develop “soft-bodied” robots—automata as different
as can be from the clanking metallic monsters of classic
science fiction. The aim of such projects should be to
learn from nature’s economy in both material and
energy. Joris Laarman’s Bone Chair also exemplifies this
biomimetic approach, showing how a minimal structure
may be achieved by examining, in this case, the way that
bones sacrifice weight where it is not needed. Though
complex in shape, Laarman’s resulting structure is highly
efficient—and very likely to be judged elegant because
of its “natural” appearance.

Taken a little further, the biomimetic argument
raises some challenging new questions. One of design’s
greatest problems, often ignored completely, is that
of matching a product to its use not in the physical
three dimensions of space but over time. Some products
break before we have finished with them; others far
outlast any conceivable utility and are wastefully
dumped or destroyed. In nature, this problem is
deviously solved by death: An organism dies once it
ceases to have a use and ceases to have a use after
it dies. A prime goal for designers now has to be to
bring their objects material existence and practical
utility into similar harmony. One might counter that
nature is wasteful in its own way, cruelly redundant in
its overproduction of species that merely become
another species’ prey. But this is only wasteful from
the species’ point of view: Nature’s concern is for the
most economical management of the overall system.

A comprehensive biomimetic design philosophy will
require systems thinking a mile away from the designer’s
traditional focus on the object.

This approach to design seeks to adapt specific
advantages observed in natural organisms into human
technology, but the polemical subtext of any design
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above:

Stefan Sagmeister and Matthias
Ernstberger of Sagmeister Inc.
Seed Media Group Identity. 2005

right:

Jonathan Harris of Number 27.
Phylotaxis. 2005-ongoing. Perl,
MySQL, PHP, and Flash software
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Seed’s mission is to establish
science’s position in culture, and
Stefan Sagmeister and Matthias
Ernstberger’s adaptable logo is
based on the phyllotaxis structurée,
a quintessentially organic algorithm.
Jonathan Harris took the logo as

a basis for a Web-based project
that symbolizes the space where
science meets culture.
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inspired by nature is that we are in danger of losing '
touch with thenatural world. It pleads for the biologi- |
cal, the technological, and the ethical to come together.
This is the obje?:fiVé"cf»-‘i‘c’/onsiliencé\,"/\the term coined
by biologist Edward O. WiISOn‘fUrthrieuni_fivc/gEjp’n_ of
the strands of intellectual inquiry artificially separated
as a consequence of the growth of specialized
disciplines in science and the humanities. In his book
Consilience: The Unity of Knowledge, Wilson writes:
#Tf the world really works in a way so as to encourage
the consilience of knowledge, T believe the enterprise
of culture will eventually fall out into science, by
which I mean the natural sciences, and the humanities,
particularly the creative arts.”®

Charles Eames and Richard Feynman were consilient
personalities, but their meeting never happened
because the world didn’t work in the right way.
The question is: Does it now?
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Notes
1
Richard Feynman, “There’s Plenty
of Room at the Bottom” (lecture,
December 1959). For a transcript i
of the lecture, see ‘;
www.its.caltech.edu/~feynman/ ' 3§
i §
plenty.html. it
2 A
Josiah Wedgwood, letter to *|

Thomas Bentley, quoted in i
Humphrey Jennings, pandaemonium:
The Coming of the Machine As Seen
by Contemporary Observers
(London: Macmillan, 1995), p. 63.

3«
Richard Feynman, Six Easy Pieces
(London: Penguin, 1998), p. 117.

4.
Charles Jencks, The Architecture
of the Jumping Universe (London:
Academy Editions, 1995), p. 9.

5.
Edward O. Wilson, Consilience:
The Unity of Knowledge (London:
Little, Brown, 1998), p. 10.




‘RobertdJ. Lang (American, born 1961)

Origami crease patterns for Eupatorus
racilicornis, opus 476-2003-04

Qrigamido paper, 12 x 12" (30.5 x 30.5 cm)

QOrigami has come a long way from cranes folded from single
squares.of papér. With developmeénts in origami mathematics,
complex instructional diagrams, and technojogy, designs have
taken\on ever more sophisticated forms. One key has been the

—gvolution of written-instructions that-campress-hundreds of
creases.into a single diagram. Robert J. Lang, ah American
physicist, has pioneered| the field of ‘technical origami with his
theoretically plotted criease patterns. His innovations allow
folders to create incredibly complex figures, such as multi-
limbed bugs/with fat<bodies and skinny appendages. Origami
TreeMaker $oftwarieis used to design an origami hase—essentially
a stick-figure version of the desired form—and its\corresponding

rease-pattern. Lang credits TreeMaker with providing the
ability“to solve for-origami-bases-that truly are more
complicated| than anything a person could design by hand.”

™y
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rt J. Lang (American, born 1961) )

rpion varileg, opus 379 and its

ami TreeMaker file 1990-2006

mido paper; 3 x 3 x 5" (7.6 x 7.6 x 12.7 cm)
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*==Robért J. Lang (Americansborn 1961)

| . . . . .}

Origami Simulation software 1990-92
THINK Pascal and THINK Class Library software

Origami Simulation, a program that Lang designed to simulate
the folding of paper on a computer screen, allows users
to experiment with various folds and easily undo or redo
e e o

il

T T e

N
File_Edit Tools View Windows Help

“Erik Demaine (American, born Canada 1981) and
Martin Demaine (American, born 1942)
Mas tts Institute of Technology (USA, est. 1861)

derstand the underlying
zudies how computers can
ticated paper sculptures,”
Demaine and his father,
"‘eases and demonstrates
ed to create elegant,

in Demaine, explo
hat computational ori
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~oderick Hyde (American, born 1952), Sham Dixit (American,

0 1955), and Robert J. Lang (American, born 1961)

| ence Livermore National Laboratory (USA, est. 1952)
fresnel lens for the Eyeglass Space Telescope

j”duced—scale prototype. 1998-2005

Glass, aluminum, and steel, 16' 4 7/8" (500 cm) diam.

As origami has become more complex and adaptable to ad hoc i
“interventions, it has also become more useful, with applica~
7ﬂons for a wide range of devices. One such application is'space

~ telescopes. The bigger a telescope’s lens, the more Iigﬁ n

pPortfolio 2 Thinkering
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fgather, and with bigger apertures comes the ability to

L
objects deeper in space. Sending large glass lenses int

however, is difficult. The Fresnel lens for the planned 'Eﬂ___'_sg_
:space Telescope makes use of an origami-derived folding
_concept that allows the lens to be tightly packed for j:z-lunch

into space and then unfolded without suffering from ugwanted

marks or creases—creating the possibility of building a}JLe.gg.:T

that will unfold to 100 meters; by contrast, the Hubb|g

scope sports a lens with a diameter of 2.5 meters. {
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Jiirg Lehni (Swiss, born 1978)
666 and Uli Franke (Germarf;born1978):
Ecole cantonale d’art de Lausanne (écal) (Switzerland,
est. 1821)
Hektor spray-paint output device pPrototype.
2002-ongoing
Stepper motor, toothed belts, aluminum casing, spray-paint
can, suitcase, custom-made electronics, and Scriptographer
software, motor: 3 x 4 x 6 1/2" (7.5 x 10 x 16.5 cm);
spray-paint can holder: 97/8 x 6 x 1 1/8" (25 x 15 x 3 cm)

In a publishing world dominated by paper and ink, Hektor—a
computer-driven output device in which the human hand only
clicks a button—allows for printing on a vertical surface with
spray paint. The contraption commands a suspended spray-
paint can that “prints” text written using Scriptographer,
an Adobe Illustrator scripting plug-in designed by.Jiirg Lehni.
The designers explain that “during operation, the mechanism
sometimes trembles and wobbles and the paint often:drips,”
L——creating a tension between low- and high—-téch aspects of
[ 9 «.construction, application, and technology.

Test Spray ) Soray Looss

Status
Connection to Hektor established, with 1152
bauds.

st
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philip worthington (British, born 1977)

pesign Interactions Department (est. 1989),
Royal college of Art (UK, est. 18.37)

ghadow Monsters 2004-ongoing

Java, processing, BlobDetection, SONIA, and
physics software

Monsters materializing from shadows ca§t o.n walls may's.ound
ike something from a child’s active imagmatlon,. but Ph|||{) ;
worthington has made the playful concept a reahty. Wt')rthmgt':on s
ghadow Monsters project is an example of interactive de§|gn
pased on custom-designed vision-recognition software.. with
the support of a computer, a camera, a projector, and a light
pox, fantastic creatures emerge from shadows of t.:he hands
of participants as the software elaborates on thelr.gestures
with sound and animation. Open and close your hands like a
mouth, and a wolf with razor-sharp teeth will surface and grow!
Tongues, eyes, and fins appear. Birds squawk and glnosaurs speak :
It's a magical experience that inspires the audience to play. .
with body posturing in order to create delightfully crazy stories.g=
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-control technologies,
of the world—Japan,
ch familiar features
pts to create ephemeral
se three watery instal-
ymbolizes the fluidity
ind.

393/8x235/8x11/8"
d Beta Tank, UK (2007)

ommunication potential of
een, by Israeli designer
ed bubbles from the
brecise intervals to create
lirstein chose oil instead
e of the bubbles and the
b multiple tanks, words,
yed, as on a news ticker

Leipzig

pctronic circuits,
imany (2006)

br to create a waterfall
dule with computer-
ng releases droplets at
letermined shapes as they
randomly chosen from
o magically rain down
pon impact with the floor.
bll as a “metaphor for the
e exposed to and from

Bing realities.”
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shigeru Naito (Japanese, born 1944) of the Departrrment .of
Naval Architecture and Ocean Engineering, Osaka University
(Japan, est. 1931) o .
gtsuro Okuyama (Japanese, born 1977) of Akishima Laboratories
(Mitsui Zosen), Inc. (Japan, e.st. 1917) .

AMOEBA (Advanced Multiple Organized

gxperimental Basin) Prototype. 1997

Aluminum, acrylic plastic, and water, 11 3/4" x 9'10" x 9' 10"
(30 x 300 x 300 cm)

prototype by Akishima Laboratories (Mitsui Zosen), Inc.,
Japan (1997)

The AMOEBA, or Advanced Multiple organized Experimental Basin,
was originally built to evaluate the effects of waves on ship
designs. It is a circular basin about the size of an inflatable
children’s pool. Using fifty plungerlike mechanical units installed
along its rim, AMOEBA can produce a variety of wave conditions
and then calm the water’s surface on command. One of Shigeru
Naito’s students found an unintended use for this equipment:
creating the alphabet on the water’s surface. When waves in
various frequencies converge, the water’s surface rises at
specific points; by connecting these points, lines and shapes
can be drawn. In 2002, Etsuro Okuyama of Mitsui Zosen’s Akishima
Laboratories was asked to further develop this theory.




g

Thanks to rapid manufacturing, also called rapid prototyping
or 3-D printing, design can move into the realm of sculptural
imagination while maintaiping.its-funetignal and economical
attributes. Digital images materialize into objects by being
transferred seamlessly to machines £hat use lasers to solidify
resins, in powder or liquid féfrma, layér by layer. The idea of
prototype disappears into that of series, as objects can be
produced as many times as needed,'k‘each one an exact copy
or, if desired, slightly modified and adapted.

Patrick Jouin (French, born 1967)

One_shot.MGX foldable stool 2006

Polyamide resin, foldeds 25 /8 x 4" (65.6 x 10 cm) diam.;
open: 15 3/4 x 12 1/2" (40 x 32 em) diam.

Manufactured by Materialise NV, Belgium (2006)

The One_shot.MGX foldable stool utilizes selective laser
sintering (SLS) technology; which allows for the entire seating
surface, legs, and hidden integral articulations of the stool to
be produced in just one shot (hence the object’s name). The
stool’s array of rods combined with a simple, elegant twist
creates in one flowing movement—and in one manufacturing
step—an innovative seating typology.

Design and the Elastic Mind
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sofia Lagerkvist (Swed
Lancken (Swedish, born
porn 1977), and Katja §
Front Design (Sweden, &
gketch Furniture 24
polyamide resin, chair:
40 cm); floor lamp: 55 1
table: 28 3/8 x 17 3/4'
prototypes by Acron F4
Motion capture by Creg

The Front Design team
freehand sketches ma
air are recorded with
are then digitized into
are then sent to a rap
computer—-controlled I3
resulting in furniture
into object.

achine,

the’ﬂJect\‘E i




Janne Kyttanen (Finnish, born 1974)

Freedom Of Creation (FOC) (The Netherlands, est. 2000)
Macedonia fruit bowl 2007

Quartz sand with epoxy infiltration, 1 3/4 x 12 1/2"

(4.6 x 32 cm) diam.

Manufactured by Freedom Of Creation, The Netherlands (2007

In Italian and Spanish, the word macedonia means fruit salad;
the original etymology of the term harks back to the
heterogeneous composition of the people of the Balkan region
of Macedonia. Janne Kyttanen designed this fruit bowl inspired
by the formation and structures of soap bubbles. Kyttinen
printed it using sand mixed with resin, proving that even when
employing the most advanced technique and an innovative form,
a conventional material can restore a balance between novelty
and tradition.
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'Jlﬂne Kyttanen (Finnish, born 1974) and
Jiri Evenhuis (Dutch, born 1973)
fFreedom Of Creation (FOC) (The Netherlands, est. 2000)

page 68, bottom: )

Laser-sintered textiles ?000—06

polyamide resin, dimensions varlable.

nanufactured by Freedom Of Creation, The Netherlands

(2000-06)

below:

punchbag handbag 2005
polyamide resin, 11 3/4 x 11 x 5/8" (30 x 28 x 1.7 cm)
Manufactured by Freedom Of Creation, The Netherlands (2005)
freedom Of Creation designers tJrapm*KyttEnt.an and Jiri EVenhuis™
have taken the concept o rapid manufacturing to th, realm
of textiles. Rather tha traditional method of:
materials and then jtting and sewing them t%gether, laser
sintered textiles @ uilt tridimensionally;layer by I{:\yer.
Because the textilgis first jted on a compute:
threads digitallydnterwoven, abric is easily €u
in various patterns, sizes, and o

Portfolio 2 Future Knitting
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right:

Joris Laarman (Dutch, born 1979)

gone Chair 2006

Aluminum, 29 3/4 %29 7/8x171/2" (75.6 x 75.8 x 44.5 cm)
Manufactured by Joris Laarman Studio, The Netherlands (2007)

pelow:
Lothar Harzheim (German, born 1956)

Adam Opel GmbH (Germany, est. 1862)

Engine mount production component 1998
Aluminum, 1 x 3/4 x 5/8" (2.5 x 2 x 1.5 cm)
Manufactured by Adam Opel GmbH, Germany (1998)

The International Development Center at Adam Opel GmbH,
General Motors’ German subsidiary, has developed 3-D optimi-
zation software that mimics biological growth and applies its
rules to objects of all kinds. Originally designed for automotive
chassis components and called SKO (Soft Kill Option), the soft-
ware has been applied by designer Joris Laarman to the design
of furniture. The transfer of technology between the natural
world and synthetic constructs is at the heart of Laarman’s
Bone Chair, which is based on the generative process of bones.
As bones grow, areas not exposed to high stress develop less
mass while areas that bear more stress develop added mass
for strength. Doing away with the superfluous results in an
optimized structure that performs with the least amount of
material. Using 3-D optimization software to generate form
rather than applying the software to a preexisting structure,
Laarman's Bone Chair moves beyond imitation of a biological
structure to emphasize the implementation of a natural build-
ing process, suggesting that nature is the ultimate form giver.

7 Good Bones

Portfolio
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Keijiro Yamamoto (Japanese, born 1942)

Department of Robotics and Mechatronics, Faculty of
Engineering, Kanagawa Institute of Technology
(Japan, est. 1963)

Power Assist Suit Prototype. 2005

Aluminum, 59 x 35 3/8 x 23 5/8" (150 x 90 x 60 cm)

The Power Assist Suit, a battery-powered exoskeleton suit,
as born out of real need: Japan does not have an adequate
Aumbe, of healthy young people to take care of its rapidly
m#ﬁulation. The suit is designed to help a caregiver carry
pedridden patient. Sensors are attached to the arms and
Ieg_s.'of the wearer to measure the tautness of muscles and
cIep‘t how hard they are working. The data is sent to the
uter built into the suit to calculate how much “assistance”
e given. Finally, actuators located at the elbows, knees,
waist of the suit are activated by inflating airbag-like
mechanisms to help the earegiver carry up to approximately
twice the weight he or she can usually bear. The pneumatic
sys?em that powers the actuators makes the operation of
the suit fefl smootﬂ for both the caregiver and the patient.
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ah Herr (American, born 1964), Jeff Weber (American,
orn 1969), and Bruce peffenbaugh (American, born 1946)
smechatronics Group (est. 2004), Massachusetts Institute
' of Technology (USA, est. 1861)
alk, Inc. (USA, est. 2006)
ered Ankle-Foot Prosthesis prototype. 2005-07
‘+anium, aluminum, carbon composite, and polyurethane,
'x3x101/2"(17.8 x 7.6 x 26.7 cm)
Lototype by iWalk, Inc., USA (2007)

B )
%t of today’s prostheses cannot equal actual limbs. A con-
j',.ntional ankle-foot prosthesis, for example, requires tf\e

~ amputee to exert thirty percent more energy wh.en w‘?lklng
~ thana biological ankle does. This is because the b|olf)g|cal ankle
~ and foot provide energy for walking beyond that which can. be
:ntored from the spring of the foot alone. Hugh Herr and‘ his

~ Biomechatronics Group at MIT have developed an artificial

" ankle-foot that can mimic the real thing. Instead of muscle

and tendon, a battery-powered motor and multiple springs are

:uoed to make walking easier and a person’s gait more natural.

?
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plight cit

matali crasset (French, born 1965)
Splight table lamps prototypes. 2005
Steel and glass, 15 3/4 x 8" (40 x 20 cm) diam.

The Splight table lamp is inspired by the interconnected nature
of our world. The name is a fusion of spline, @ mathematical
function used for interpolation, and light. Splight’s light source
is surrounded by glass “fibers,” a cage that establishes a link

‘between two electrical poles. Just as energy flows through
~ a muscle’s fibers, powering appendages in the greater systen
i of the body, energy flows through the lamp, powering the light

and by extension the greater environment. The lamps can stand
alone or be grouped into organic formations, creating an entity
that may be both an autonomous object and part of a whole.
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Peter Pfeiffer (German, born 1943)

Daimler AG/Mercedes-Benz Design (Germany,
est. 1998/1926)

Mercedes-Benz bionic car Concept. 2005

With billions of years of research and development under its
belt, it’s no wonder that nature has achieved the optimal
solutions for the toughest design problems—and sometimes
the best solution is surprisingly counterintuitive. When Daimler
engineers were searching for an aerodynamic form for a new
lightweight, fuel-efficient car, they turned away from the
prevailing teardrop shape and looked instead to the boxfish.
Angular yet elegant, the boxfish is unexpectedly streamlined
for easy maneuverability, while its skin, consisting of hexagonal
bony plates, provides protection with minimal weight. Using
bionic modeling, the engineers developed a concept for a
vehicle that benefits from a low drag coefficient, high engine
performance, and a safe, rigid construction.

- M14
120 Beta = 0.0 Grad
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Rudolf Bannasch (German, born 1952) and Leif Kniese
(German, born 1968) of EvolLogics GmbH (Germany, est. 2000)
Markus Fischer (German, born 1966) of Festo AG & Co. KG
Corporate Design (Germany, est. 1925)

Aqua_ray Prototype. 2007

Fiberglass-reinforced plastic, CURV polypropylene sheet,
polyamide resin with elastane skin, and Torcman brushless
motor, 5 3/4 x 37 7/8 x 24 1/4" (14.5 x 96 x 61.5 cm)
Prototype by EvolLogics GmbH, Germany (2007)

Elias Maria Knubben (German, born 1975) and Markus Fischer
(German, born 1966) of Festo AG & Co. KG Corporate Design
(Germany, est. 1925)

Airacuda prototype. 2006

Polyamide and silicone, 17 3/4 x 11 x 39 3/8" (45 x 28 x 100 cm)
Prototype by Festo AG & Co. KG, Germany (2006)

The Aqua_ray and the Airacuda biomimetic robots are remote-
controlled, pneumatically driven fish whose form and kinematics
are modelled on the creatures that inspire their names. Flowing
movements, achieved by the dynamic flapping of a wing, allow
the Aqua_ray to be maneuvered precisely and efficiently.

The Airacuda also moves easily through the water, balanced

by an air bladder. The robots can be used in a wide range of
oceanography applications without disrupting the natural
environment. Translated from biological operating principles,

both feature a key technology—a pneumatic “muscle” whose
dynamics are similar to a real muscle, only operated using com-

pressed air. The muscle consists of a hollow tube; when the
tube is inflated its diameter expands as its length contracts,
generating power. A pair of these pneumatic muscles, alternately
pressurized and depressurized, causes the robot’s fin or tail
to move, propelling it through the water.

=
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rry Trimmer (British, born 1958)
smimetic Devices Laboratory (est. 2005), Tufts
est. 1852) . )
ftBot from the Biomimetic Soft-Bodi
roject prototype. 2005-07 o i
sicone elastomer and nitinol shape-memory alloy, 9 1/2 x

 5/8" (24 x 4 cm) diam.

. Biomimetic Devices Laboratory at Tufts University is

Wing on robots that will lead to a new approach t'o motion

A‘ﬁmtrol, based on biological materials and the adaptive '

~ echanisms of animal movement. The SoftBot, which takes its

o iration from the tobacco hornworm caterpillar, was built\
to test ideas about controlling movements using'mgi‘mgkg_

i::nands. silicone rubber segments, which form the quy;;arer

ned with shape—memory alloy wires that contract when a
~ current passes through, causing the rubber to bunch up. ‘wt?en
~ the current is switched off, the rubber returns to its origin
~ shape, moving the robot forward. According to it ‘
:_the softBot “will have direct applications in rob
 manufacturing, emergency search and retrieval, a
" maintenance of equipment in space—and in medic

~ and treatment, including endoscopy and remote surgery.”

payload bay

Nitinol springs

Pressurized cavity
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Index Burton, Michael: 17; Nanotopia,
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Aranda and Chris Lasch, Felice Frankel, Ben Fry, and Jonathan Harris,
are included here and in the exhibition, but all of them should be
considered contributors to our enterprise.

A number of authoritative and imaginative advisors suggested
some of the works included in the show. I would like to thank them
one by one, but space limitations make it impossible. I would, however,
like to mention Janine Benyus and Bryony Schwan from the Biomimicry
Institute, Steve Sacks from bitforms gallery, Bruno Giussani, and Twan
Verdonck, as well as Shumon Basar, Katy Borner, John Calvelli, Curro
Claret, Dalton Conley, Elyssa Da Cruz, Niles Eldredge, Neil Gershenfeld,
David Imber, Alan Kay, Sulan Kolatan, Sylvia Lavin, Liane Lefaivre, John
Maeda, Alexandra Midal, Louise Neri, Enrique Norten, Alice Rawsthorn,
Michael Rock, Stefan Sagmeister, Jukka Savolainen, David Schafer,

Arne Sildatke, Cornelia Spillmann-Meier, Paul J. Steinhardt, Matt Taylor,
Brian Tempest, Maholo Uchida, Luis Villegas, and Garth Walker.

Many of the designers and artists featured in this book also
contributed invaluable suggestions. I would like to thank in particular
Jon Ardern, Laurene Leon Boym, Anthony Dunne, Felice Frankel, Peter
Frankfurt, Ben Fry and Casey Reas, Chuck Hoberman, Agata Jaworska,
James King, Lisa Strausfeld, and Moritz Waldemeyer.

This book comes from the hyperelastic mind of one of the most
inventive and perceptive designers in the world, Irma Boom, who was
able to straddle space and time to produce an amazing visual synthesis
of ideas. In MoMA’s Department of Publications I wish to thank
Christopher Hudson, Publisher; Kara Kirk, Associate Publisher; David
Frankel, Editorial Director; Marc Sapir, Production Director; Elisa
Frohlich, Associate Production Manager; Libby Hruska, Editor; and
Rebecca Roberts, Senior Assistant Editor, for their efforts in bringing
the book to light. Interns Isabel Bohrer, Jamieson Bunn, and Lilit
Sadoyan provided vital assistance as well. I also wish to thank Joshua
Roebke, Associate Editor, and Laura McNeil, Deputy Editor,

at Seed Media Group for their help with editing some of the most
scientific bits of the volume. Thanks are due as well to David Lo and
Martijn Kicken for their valuable technical advice.

Members of the Museum’s Board of Trustees deserve special
acknowledgment. In particular, I wish to thank Ronald S. Lauder,
Honorary Chairman, and Agnes Gund, President Emerita, knowledgeable
and enthusiastic fans of design; David Rockefeller, Honorary Chairman;
Robert B. Menschel, Chairman Emeritus; Donald B. Marron, President
Emeritus; Jerry I. Speyer, Chairman; and Marie-Josée Kravis, President,
for their passionate support of the Museum’s curators. Glenn D.
Lowry, Director, provided early and unwavering support that was
crucial to the realization of the exhibition. Jennifer Russell, Senior
Deputy Director for Exhibitions, Collections, and Programs, and Peter
Reed, Senior Deputy Director, Curatorial Affairs, were integral in
successfully bringing this huge ship to port.

I also wish to thank Maria DeMarco Beardsley, Coordinator of

Exhibitions, and Randolph Black, Associate Coordinator of Exhibitions,
for working out the complicated administrative details; Ramona
Bronkar Bannayan, Director, Collection Management and Exhibition
Registration, Susan Palamara, Registrar, Exhibitions, Allison Needle,
Assistant Registrar, Exhibitions, and Ellin Burke, Project Registrar,
for keeping track of the diverse loan items; and Eliza Sparacino,
Manager, Collection and Exhibition Technologies, and Ian Eckert,
Assistant, Collection and Exhibition Technologies, for helping us keep
all our information in order. I would also like to extend thanks to
Linda Zycherman, Conservator, and Roger Griffith, Associate Sculpture
Conservator, for caring for all the objects.

The installation was indeed a challenge even for our heroic Depart-
ment of Exhibition Design and Production. Jerry Neuner, Director,
and Lana Hum, Production Manager, designed the installation, and their
incomparable crew built it, as usual, to perfection. My gratitude goes
to them and to Charlie Kalinowski, Media Services Manager, A/V, and
to K Mita, Director, Technology Services, and his whole team, who
performed miracles in order to ensure that the technology worked
smoothly and effectively. The exhibition also lives on the Web, thanks
to the magic touch of Allegra Burnette, Creative Director, Digital
Media, and Shannon Darrough, Senior Media Developer, Digital Media.

I also thank Todd Bishop, Director, Exhibition Funding; Mary Hannah,
Associate Director, Exhibition Funding; and Lauren Stakias, Senior
Associate, Exhibition Funding, in the Department of Development and
Membership, for securing the necessary funding, not a negligible feat.
I thank Kim Mitchell, Director of Communications, and Daniela Stigh,
Manager of Communications, for brilliantly condensing the whole show
to get the press irresistibly interested, and Peter Foley, Director
of Marketing, for promoting it.

I thank the whole Department of Education for their invaluable
suggestions on how to communicate the show to the public, in
particular wendy Woon, Deputy Director for Education; Pablo Helguera,
Director, Adult and Academic Programs; and Associate Educators
Larissa Bailiff, Laura Beiles, Sara Bodinson, and Lisa Mazzola, and I also
thank Jennifer Tobias, Librarian, Reader Services, and David Senior,
Acquisitions Coordinator, Library, for their enthusiastic assistance
with our research.

In the Department of Architecture and Design, I am deeply
grateful to Barry Bergdoll, The Philip Johnson Chief Curator of
Architecture and Design, who believed strongly in the exhibition and
offered his support throughout the project. The entire department
was helpful and encouraging and I thank each of its members,
especially Peter Christensen, Curatorial Assistant, who participated
in the organization of the show in the beginning. A special mention
goes to Linda Roby, Department Coordinator, and Candace Banks,
Department Assistant, for their untiring assistance. Several brilliant
interns worked on this project; I wish to thank Andrea Lipps,
Catharine Rossi, and Nadine Stares. Special thanks also go to Hideki
Yamamoto, who helped us secure many loans in Asia and contributed
ideas, texts, and invaluable criticism.

Lastly, I would like to thank the person with whom I shared this
adventure, Patricia Juncosa Vecchierini. Yet another adventure, I should
say, and once more she has proved to be the most valuable partner.

I am very lucky to have had so many chances to work with her.

Design and the Elastic Mind celebrates the endless and restless
curiosity of human beings and praises design as an expression of
creativity and an affirmation of life. For this reason, I would like
to dedicate this book and this show to the late Herbert Muschamp,
who certainly knew what I am talking about.

Paola Antonelli
Senior Curator, Department of Architecture and Design
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