


Opposite: Frame from a short 
film on a ihermoplastic 
environment by Ettore Sottsass. 
I''ilassimo Magri. director. Shown 
in the exhibition Italy: The New 
Domestic Landscape. The Museum 
of iIIodern Art. New York. 1972. 

Figure 1. Fumiioshi Sakata. Seiji 
Kurokawa. and Tetsuya Tsujimura 
of TV and Video Systems Desigu 
Center. "Twin Cam 8mm 
Camcorder Vl·MX7U" 1991 
(1990). ASS. aluminum. and other 
materials: 4 x 41/2 X 73/4" 

(10 x 11 x 19 em) Manufactured 
by Sharp Corporation. Japan. 
The plastic body is molded and 
colored io resemble aluminum 

The word "mutani" conjures images of Ninja Turtles, murderous carrots, and 
giant ants, either generated by radioactive explosions and experiments gone awry 
or sent to earth from the border of the galaxy to destroy our species. But it can 
also recall an imaginary race of beautiful extraterrestrial beings, who can at will, 
and from need, temporarily turn into almost any thing-a lion, a cockroach, a bird 
of paradise-and still remain true to themselves. Change is their power and 
truth, unity and diversity their real character. 

Today, this mutational power also belongs to ceramics, plastics, and 
glass, to name just three of the many materials used in contemporary design. 
Materials no longer have the appearance they had in the past Engineers have 
endowed them with the power of change and caused them to be reborn as infant 
mutants of their elderly selves. In this book and the exhibition it accompanies, the 
materialization of the objects illustrated here is explored within this new 
historical perspective. Plastics can be as clear as glass, as sharp-edged as 
stone. and as metallic as aluminum (figure 1). Aluminum can look like quicksilver; 
wood can look like plastic. Scientists have discovered how to rearrange the 
molecules of matter into materials that not only appear different from those of the 
past but also have personalities and behaviors that are distinctly new. Solid 
metals are being replaced by ceramics and sheet metal by carbon fibers; wood 
can be as soft as upholstery. New technologies are being used to customize, 
extend, and modify the physical properties of materials and invent new ones. 
Materials are being transformed from adjuncts in passive roles to active 
intel-preiers of the goals of engineers and designers. 

In only the past few decades. the impressive evolution of design 
materials and their technology has spawned a new material culture-one that is 
complex and in a state of continuous change and adaptation. This culture is 
global and is supported by the speed of information dissemination and by an 
international market of informed customers. It is animated by the visions of 
internationally trained designers and based on customization and variety. This 
new culture is nourished by the vitality of scientists' ingenuity, encouraged by 
industry, and aimed at designing more new customized materials. 

The design of materials is not a new discovery. Ceramics and glass are 
millennia old; even plastics have been around for more than a century. Yet, by closely 
examining these three historically designed materials as case studies, a revolution 
is revealed. Ceramics and glass are the oldest of these, but in the twentieth century 
experimentation has laid open their unexpected mutant temperaments, Ceramics have 
a long history of a dual personality, split between strictly functional applications, 
such as spark plugs, electrical switches, and heavy-duty housewares, and the 
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Figure 2. Fine Ceramics 
Division of Kvocera Corporalion, 
Kiichen Knives and Scissors 
with Zirconia Blades: Ballpoint 
Pens vlith Ceramic Balls. 1984 
(1983). Manufactured by Kyocera 
Corporaiion, Japan. 
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decorative arts. In the eighteenth century, Josiah lJIJedgwood established 
specialization in his factories in order to separate the production of either "useful" 
or "beautiful" pottery. Recently, ceramic materials have become the protagonists 
of major scientific advancements-many say, the protagonists for years to come. 
Engineers have enhanced their traditional strength, hardness, and resistance to 
extreme temperatures and corrosion. New ceramics manufacturing processes, such 
as the direct transformation from powder to solid through sintering, take advantage 
of high temperature and pressure to form long-lasting cutting blades (figure 2), 
turbine rotors, nearly invisible dental braces, filaments in heat-resistant clothing 
and bullet-proof vests, and the famed insulating tiles of the space shuttle. These 
breakthrough technologies, although still very expensive, have already been 
embraced by some designers. The most important advances are found in 
superconductors, ceramic materials that are an insulant at ambient temperatures 
and conduct electricity without dissipation at very low temperatures, thus making 
the production of energy much more economical.' Their discovery is still 
relatively new and may not have an immediate design application. 

Ceramics are thus a good example of a mutant material. They are hard 
and fragile. They can assume the functions and forms of metals and plastics. 
They are the oldest and newest, most innovative materials. They perform 
combinations of tasks once unthinkable and can be shaped in many forms, from 
the most rational and functional to the most arbitrary. Yet ceramics no longer 
have an absolute form but, rather, depend on the ideas of designers and engineers, 

Glass, similar to ceramics but completely noncrystalline, has maintained 
through thirty-five centuries an image of transparency, fragility, and luminosity. 
To lend it strength and heat resistance, Carl Zeiss developed the first borosilicate 
glass in 1884. This invention gave birth in 1915 to Pyrex® kitchenware and 
chemical:laboratory equipment manufactured by Corning Glass 1JIJ0rks. Purity still 
means strength; the purer the glass, the more improved its performance. 
According to Corning, the best glass is simple fused silica, obtained through the 
fiame-hydrolysis process developed in 1952. Used in astronomy and space 
appl ications, the glass remains stable and fiawlessly transparent even when thick. For 
further specialization, titanium is added to produce ultra-low-expansion (ULE) glass. 

By its nature, glass has always invited alchemy, hybridization, and the 
infusion of different substances to achieve different personalities, Some of the most 
successful of a vast number of experiments have occurred in the twentieth century. 
Glass ceramics, also developed by Corning under the name Pyroceram®, were first 
used in nose cones (radomes) for guided missiles and beginning in 1958 were 
formed into numerous domestic objects, including tableware. A type of glass ceramic 
perfected in 1970 is machinable with conventional steel or carbide tools, and other 
recent advancements have made catalytic converters in automobiles possible. 



Through experimentation with other additives, Corning engineers 
produced photosensitive glass, realized as Fotalite"' in 1949, Fotoform® 
in 1951, and Fotoceram® in 1953. This glass is photographically impressed and 
acid-etched, and it can even be converted to a crystalline ceramic material 
(figure 3). Corning also developed optical glass (1942); later. by adding lead, 
radiation controlling glass; chemically strengthened glass, which bends at a 
fiexural strength of 100.000 Ibs./sq. in. (70 kg/sq. mm); and photochromic glass 
(1964), which changes color on exposure to light. Other inventions have included 
coatings on glass sheets, which become nonsticking, polarized, or electrically 
conductive. A newly developed (by Viracon and 3M, among others) sandwich of 
glass sheets and liquid crystals becomes opaque for privacy when the crystals 
are agitated by the fiick of an electrical switch. The development of new 
manufacturing processes led to the production of optical fibers, the information 
carriers of today, and of perfectly pure liquid-crystal displays. These are 
dramatically poured using natural gravity and are cooled and cut in the process. 
Glass can be a magnifying lens, a telescope mirror (figure 4), and a kitchen 
cooking pan that looks like ceramic. It can act like a metal or a plastic. The 
narrative and the possibilities for glass, like ceramics, are almost endless. 

"Plastics" is a label as all-encompassing as "species." Plastics are divided 
into subgroups of families, defined either by composition (polyurethanes and 
silicones) or by technology (thermoplastics and thermosetting materials). Each 

Figure 3. lorenzo Porcelli. 
Coasters. 1993 (1993). 
Fotoform'''' glass ceramics. 
4" (10 em) dia.Manufactured 
by Corning Incorporated. 
United States. 
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Figure 4. Corning Technical 
Products Division. Hubble Space 
Telescope Mirror Blank. 
1990 (c 1978). UlE glass 
8' (2.4 m) dia. Ivlanufaciured by 
Corning Incorporated, United Sraies. 

Figure 5. Gino Colombini. 
Carpel Beaiers. 1959 (1959). 
Polyerhylene and harmonic wire 
reinforcemen;, 24x 7" (60x 15 em). 
ManufaclUred by Kartell S.pa., lialy 
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subgroup is made up of materials with names that would sound appropriate in a 
science-fiction movie, such as Rynite@ (by Du Pont), Xenoy® (by GE Plastics). or 
Victrex@ (by ICI). So much has changed since French philosopher Roland Barthes 
cursed plastics in 1957: "Despite names that would suit a Greek shepherd 
(polystyrene, phenoplast, polyvinyl, polyethylene) ... this is a graceless material, lost 
between the exuberance of rubber and the fiat hardness of metal. ... Its noise 
undoes as do its colors, for it seems capable of acquiring only the most chemical 
colors; it retains only the most aggressive forms of yellow, red, and green." 2 

The story of plastics is like the story of a smart but troubled person: 
wishing to imitate grown-ups during childhood. getting into ideological and 
political trouble during youth. acquiring fiexibility and a quiet beauty during the 
mature years. When Barthes encountered these polymers,' they were in their most 
offensive adolescence, and he had little patience for them. 

In 1862 the British inventor Alexander Parkes created his eponymous 
Parkesine to simulate ivory; made with nitrocellulose, it was softened by 
vegetable oil and camphor. Then seven years later came Celluloid. highly 
infiammable and a good substitute for tortoiseshell. Bakelite followed, as did many 
other plastics. At the beginning of the twentieth century, plastics were used only in 
small objects as a surrogate for precious natural materials and had no truth of their 
own. PVC (polyvinyl chloride), created in 1927, was followed by Barthes's other 
"Greek shepherds": polystyrene (1929), polymethyl methacrylate, polyethylene, 
and unsaturated polyester resins (1933), polyurethane (1937), Nylon and 
polytetrafi uo roethylene or T efion" (1938), PET I polyester (polyethyl en e 
terephthalate; 1941), high-density polyethylene (1953). polypropylene (1954)
and the list goes on. 

In the late 1950s. plastics exploded in a burst of emancipation: the time for 
plastics, the fiashy, exuberant materials that Barthes so vehemently despised, to show 
their new truth was at hand (figure 5). If the 1950s had witnessed the demise of 
imitation and a leap in structural scale, the 1960s initiated political involvement. 
The plastic object became a political symbol-serially produced, uniformly 
inexpensive, and equally available to all social classes (figure 6)-and signified 
economy and democracy through the 1970s.' Designers and architects celebrated 
the Age of Thermoplastics with suffocating global environments (see page 8), and 
plastics collapsed from overexposure. Soon, they had become a politically incorrect 
symbol of the threat to the environment. and in the 1980s a new generation of 
consumers. whose bourgeois tastes they could not at first meet. cast them out. 
Wisdom came with maturity. or maybe it was resignation. In order to survive in the 
post-industrial world. plastics have had to abandon ideology. Differentiated series 
and more refined compositions have given plastics an aura of exclusivity. Their 



marriage with steel and aluminum in chairs and tables has made them more 
acceptable for the home, The development of new tooling and additive formulas 
improved the texture of plastics and presented new structural possibilities, Enhanced 
recycling abilities came to terms with political correctness, 

Plastics Handbook 5 1ists thirty-seven groups of resins and compounds, 
divided into subgroups, Among them, thermosetting polymers and injection-molded 
thermoplastics are perhaps the two largest categories, Thermosetting polymers, 
most often available in soft, acrid-smelling sheets or as liquids, reach a 
permanent set state when heated, Injection-molded thermoplastics (figure 7). 
furnished as granular raw materials, are heat-melted, injected into a mold, and 
solidified by temperature reduction, But plastic materials can also be blow
molded, extruded, cast, or formed, 

Plastics have had and will have many lives in millions of forms, Since 
their invention, they have represented the materialization of ideas, particularly so 
today, Yet the best example of the revolution of materials is the experimentation 
with composites, one of the important chapters in the history of twentieth-century 
technology (see figure 8), Composites are combinations of materials and of their 

Figure 6, Polyethylene 
ice-cube bags. 
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Figure 7, Anna Castelli Ferrieri. 
4870" Chair .. 1985 (1985) 

Polypropylene. Manufactured by 
Kanell Sp .. a .... lialy .. The opening 
of a sleel mold after injeclion 
and cooling. 
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individual properties. The most frequently used composites are combinations 
of glass or carbon fibers and resins. Lightweight and resistant to corrosion 
because of the resin, and strong and fiexible owing to fibers, composites have 
revolutionized the manufacture of a wide range of objects (figure 9), including 
sports equipment, automobiles, and airplanes. 

All advanced materials, old and new, have been invented to meet 
practical needs. Innovative materials and techniques are usually tested by large, 
progressive industries but sometimes by small, experimental, independent 
groups. Military engineers and surfers test advanced materials in specific 
applications; designers then apply their findings to the development of everyday 
objects. The design industry has facilitated the introduct'lon of new materials into 
domestic life. For example, in the 1 950s, Charles and Ray Eames adapted fiberglass, 
used in the manufacture of radar-detecting aircraft nose cones during World War II, 
to chair design..' Donald Chadwick and William Stumpf's more recent "Aeron" 
chair (see page 56) was derived from the interior structure of automobile seating, 
and Richard Sapper and Samuel Lucente's "Leapfrog" computer (see page 64) 
was inspired by the materials used for the "Stealth" F-117A fighter aircraft.. 

Engineers' demands have grown in number and sophistication in order to 
solve practical problems often foreign to everyday life, including technologies to 
enable man to walk on the moon and to disintegrate missile factories detected by 
satellites. Engineers are devising methods to infuse intelligence and memory into 
materials that will actively satisfy the sense of necessity and economy that has 
been fostered by an awareness of the planet's limited resources. This ambition 
was summarized by the Japanese Science and Technology Agency in 1983: "To 
develop materials with specific functions-optical, electromagnetic, chemical, 
biological.. thermal, and electronic..'" The goal is to defeat entropy with these 
highly resistant and adaptable information carriers. As with computers, 
automobiles, and even employees in a firm, materials are expected to perform. 

Figure 8. SlBphen Armellino .. 
8ullet-resistani Mask 1983 
(1983). Kevlar'" aud polyester 
resin. II x6 3/4x4" (28x 
17 .. 2 x 10 em) .. Manufaeiut"ed by 
American Body Armor & 
Equipmelli. Inc .. United States. 
The Museum of Modern Ari, New 
York. gifi of the manufaclurer. 



Figure 9, Ciba Heath Teena 
Aerospace Co. WindpOl'lBr Blade. 
1994 (1994). Fiberglass in epoxy 
resin. 52 x 7' (16.5 x 2.1 m). 
Manufactured bV Ciba for Kenelech 
Windpower. United States. 

Studies in contemporary materials are conducted to develop their easy 
machinability, thus saving energy, For example, so-called soft glass melts at lower 
temperatures than other glasses; light metal alloys can be formed at lower 
temperatures than other metals throughout the manufacturing process, These 
materials are expected to last longer, reduce waste, and be more reliable and more 
resistant to corrosion, erosion, and wear. Their manufacture and use are often 
guided by CAD (computer-aided design) and CAM (computer-aided manufacturing) 
programs, which maximize performance by simulating in advance the manufacturing 
process, thus exposing possible fiaws in production and minimizing scrap waste. 
Contemporary materials behave as materials never have before, Superplastic 
ultra-high-carbon steel can be stretched to about ten times its original length 
before structural failure occurs, Some materials are made antiseptic for use in 
prosthetic devices; others, endowed with high or low memories, adapt to extreme 
physical changes and then return to their initial forms (figure 10). Memory and 
intelligence, the most desirable qualities materials can possess, are also useful 
in product design, When foams have memory, they can remember the shape of 
our feet in ski boots and the contour of our backs in the lumbar support of chairs, 
Some metal alloys used in brassieres remember women's breast shapes unless 
stretched over six percent; eyeglass frames can now spring back to their original 
forms after they have been bent; other metal objects, once deformed, recover 
their shapes when heated,' In Japan, fabrics of pure coiton and silk are treated 
with polyester resin in shape-memory ties and shirts that need no ironing. Labels 
change color on supermarket food packaging to indicate when the storage time 
has expired or the temperature is too high. Japan also produces some of the most 
advanced ceramics and a "sea-gel" foam, lighter than air and biodegradable, for 
use in the disposai of nuclear waste.' 

Contemporary materials are studied to develop combinations of qualities, 
as is most evident in the technology of composites, Engineers have turned to 
alchemy in their search for the perfect mutant material-the dream material that 
is a synthesis of the best qualities in all other materials, including mutability
and designers have begun to adopt these new technologies, Engineers have long 
been familiar with the dimensions of pagan alchemy, but, until only a few decades 
ago, designers and architects believed in the absolute truth of materials, They 
believed that each material. even designed fiberglass and ceramics, had an 
expressive soul enhanced by its physical properties and by the techniques of its 
manufacture, A set of finite relationships had formed since the nineteenth century 
into an almost religious code of reference; glass meant a blown, cast. or plated 
transparency; steel meant a poured, tubular, or planar tenacity (figure 11); wood 
meant a solid, bent, or laminated fiexibility (figure 12); ceramics meant a cast 
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Figure 10, Ron !iad. 
'T ransjoime( Sofa. 1983 (1983) 
PVC and polystyrene pellets. 
[vlanufacltJred by Brainos, 
Great Britain. Air is removed 
from ihe POi l{8ihylene bag and 
the shape of Ihe body remains 
carved in lhe sofa. 

Figure 11. Marcello Nizzoli. 
"Mirella" Sevling Machine. 
1957 (1957). Sreel, 
Manufactured by Necchi, 
Italy. The sleel body of the 
machine before it is paimed. 
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hardness and fragility, Designers, craftsmen, and architects obsessively sought a 
truth that, when revealed, would guide them toward a harmony of means and goals 
and thus toward perfection in design, 

The historical quest for truth in materials, exalted by the Arts and Crafts 
movement, was also pursued, for example, in expressionist architecture, as 
illustrated by the extraordinary utopia envisioned in Paul Scheerbart's 1914 book 
Glasarchiieklur!O Scheerbart chose glass as the paradigmatic material for a 
global design ethic and aesthetic-a metaphor for an immaculate, democratic 
world, In Finland in the twentieth century many generations of designers and 
architects have been investigating a singular indigenous material-wood
through the technology of laminating and bending (figure 13), and the 
examination continues today, The masters and pupils of the modern movement 
embraced tubular steel as the manifestation of their ideas about the world, as 
expressed through furniture design, The Eameses' use in the 1950s of the newly 
conceived fiberglass, even though experimental and innovative, displays a faith 
in the material and a philosophical approach similar to their earlier attitude 
toward natural wood: an exploration of the material to learn from it not only 
about structure and function but also about form and beauty, 

Displays of faith reached plastics last and were somewhat tainted by 
excessive enthusiasm and often intense, uncritical devotion, Ironically, plastics 
were also the materials to initiate a crisis of doubt and to support the postmodern 
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Figure 12. Carved wood 
pieces at a Ceccotti 
manufacturing plant, Italy, 

era's uncertain culiural and aesthetic references. It is interesting to speculate on 
what new forms elastomers and carbon fibers will suggest to designers. 

Revolutions in science, technology, and philosophy are historically 
accompanied by deep, unconscious parallel shifts in the culture at large. A 
significant turn has come to pass in the culture of architectural and industrial 
design. The deconstructivist theories of French poststructuralist philosophers 
such as Jean Baudrillard and Jacques Derrida have been widely disseminated, 
particularly in intellectual circles and in the press, along with more cryptic 
scientific theories (like that of chaos) and mathematical formulations (for instance. 
fractal geometry) formulated from empirical observations of reality. A brand of 
amorality and cynicism has characterized the postmodern attitude: most of us easily 
accept both one principle and its opposite. so long as the juxtaposition is meaningful 
and witty. Society today has been taught to appreciate creative deceptions and to 
value and welcome diversity and change. Mutant materials suit this new world. 

Truth in materials is no longer an absolute and unique concept. Contemporary 
designers are facing the challenge of defining its new multifaceted manifestations. 
The mutant character of materials, as expressive as it is functional and structural. 
generates new forms and a more experimental approach toward design. 

In the following pages are selected objects in which the designers. 
mastering their use of mutant materials. express the technical and formal possibilities 
through an innovative. contemporary language. Yet the presentation does not 
presume to define in detail the new material culture. still too close for codification, 
The sequencing of the materials was inspired by scientific convention and expressive 
considerations. For example. glass and ceramics. often grouped together. are 
separated because of their very different resultant applications. Even though foam 
and elastomers are plastics, a division between soft and hard synthetic polymers 
tends to support this general thesis. Recycled materials coexist with their parent 
materials. They have not been given a separate category. in order to emphasize that 
recycling is a given and that our focus is economy of thought and design. 

The goal is to offer an insight into the new relationship between designers 
and materials. The objects chosen are diverse. and some exploit materials in a 
manner that may seem limited in that only function is a concern. The logical beauty 
of sports and medical equipment best illustrates the power of change brought 
about by mutant materials and the explosion of customized hybrids and composites. 
Other objects serve as more sophisticated examples of the aesthetic uses of 
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Figure 13. Tapia Wirkkala. 
Plalier. c. 1951. Carved. 
laminared plywood block. 
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mutant materials: surprisingly soft areas on the same hard-plastic element. and 
video cameras and fishing reels in reinforced plastics disguised as metals. 
Considered as a group, the objects portray a material culture based on 
arbitrariness-an aesthetic centered on individualism and continuing research. 

These objects also reveal procedural problems. Some new materials 
appear to have momentarily outgrown our needs, as computers have outgrown the 
speed of our thoughts and fingers. A carbon-fiber chair is still too lightweight and 
its high-tech appearance too peculiar for acceptance by a wide public. Profound 
changes in lifestyles do not occur overnight. We have become accustomed to 
wineglasses and eyeglass frames that do not break, and to artificial 
"creatures"-such as computer mouses, remote controls, and food mixers-that 
offer convenience and populate our daily lives. For cold weather, we buy garments 
made of recycled plastic bortles. Furnishings in carbon fiber may soon be as familiar 
as these other synthetics in the domestic landscape. 

In the introductory stage, an advanced material is designed and modified 
to serve a specific purpose. In the transfer stage, its strict. economical concept 
is expanded, energizing the discovery of other, more general-even universal
uses. An ideal contemporary material is meant to be lasting, easily recycled, 
reusable, noninvasive, and more flexible. Its sensible application may incorporate 
the old within the new, making good use of past intellectual and technical 
achievements. The new material culture has made designers more responsible in 
the name of environmental and conceptual economy. In this view, designers and 
engineers are seen as full collaborators in the development and application of 
new materials. 

Ezio Manzini plays a semantic game in his book The Material of 
Invention,n one of the inspirations behind this project. While the Latin invenire 
means "to find," Manzini asserts that a "material of invention" is no longer a 
"found material" but rather one that is calculated and engineered to achieve a 
specific performance. And we may add, if the point of departure for design was 
once the material itself, today it is the mutable quality of materials. If this is so, 
designers must return to ground zero, where doubt is the basis of discovery. The 
mastery of today's designed materials requires as much ingenuity as the mastery 



Figure 14, Rila McBride, Toyota, 
1990, Rallan, 4'2" x 15' x 5'9" 
(127 x 457,2 x 175,3 em), 
Museum of Contemporary Ari. 
Sac Diego, extended loan and 
promised gift of Michael and 
Brenda Sandler. 

Notes 

1. Metallic superconductors have 
been sludied since 1911, bul Ihey 
were effectively produced at only 
very low temperatures. near 0' K. 
or -459°[ (-273°C,), The srudies 
of ceramic superconductors 
achieved a level of great success 
in 1985, Since then, Ihe 
experimentation with various rare 
powders and oxides, such as 
yiirium. has made higher and 
higher working temperatures 
possible, wilh Ihe goal being 
ambient temperatures. 

2. Roland Banhes, "le Plaslique," 
in Mythologies (Paris: Editions du 
Seuil,1957) 

of nature's gifts did in the past. The focus, too, is the same, and that is process: 
in this case, the exploration of advanced technologies by informed designers and 
their application by manufacturers equipped with intelligent machines, 

William Duncan, author of Manufacturing 2000, has predicted: "The 
single most important material used by manufacturers in the future will be 
data, , , , At some point many years down the road, the raw materials will be 
chemical 'slurries' and raw elements that may be assembled and reassembled or 
restructured in replication processes,"" The ultimate goal of developing a 
material that can be instantaneously designed, manufactured, and customized for 
and by the end user poses an interesting paradox, since in the process the role of 
the designer will be substantially redefined, In the future, the focus of design may 
no longer be the creation of the discrete object but the formulation of possibilities, 

3. A polymer is a macromolecular 
material, Plastics are formed by 
joining together long chains of 
small groups of atoms, known as 
monomers. Some plastics are 
composed of macromolecules 
about 100,000 atoms in size, 
See Bryan Bunch and Alexander 
Hellemans, eds" The Time/abies" 
of Technology(New York: 
Touchstone/Simon & Schuster. 
1993), p 343. 

4. The Story of Plas/ics (london: 
Design liIuseum, 1994), brochure, 

5. Plastics Handbook (New York: 
McGraw-Hili, n.d.). n.p. 

6. In 1937 Corning Glass Works 
perfecled Fiberglas"" as a 
proprietary composite. The 
material consists of a resin 
matrix reinforced 'Nith embedded 
glass f,hers, 

7. E, 0, Hondros, "Malerials, 
Year 2000,'· in Tom Foresler. ed" 
The Ma/erials Revolulion.' 
Superconductors, New Materials. 
and Ihe Japanese Challenge 
(Cambridge, liIass.: MIT Press, 
1988), p 62. 

8. The recover\' is the result at a 
change. known as a 
thermo-elastic-martensitic 
transformation. in the crystalline 
structure of an alloy. The 
shape-memory characteristic of 
allol's was first discovered in 
1932 when gold and cadmium 
were mixed. The nickel-titanium 
combination (NitirlOi) was 
de"18loped by W. Buehler in 1962 
and applied by NASA 10 Ihe 
manufacture of a satellite antenna 
that unfolds when heated wilh 
electrical current (Bunch and 
Hellemans, pp, 351 and 395), 

9. Juli Capella and Quim larrea, 
"Compuestos del Futuro," Babeha 
(July 2, 1994), p, 25, 

10. Paul Scheerbarl. 
Glasarchileklur(Berlin: Verlag 
der Sturm, 1914), 

11. Ezio Manzini. The Malerial of 
Invenlion (Cambridge, Mass,: MIT 
Press, 1989): first pub, as La 
Materia dell'invenz;one (Milan: 
Arcadia/Progello Cultura 
Montedison, 1986) 

12. William l, Duncan, 
Manufac/uring 2000 (New York: 
AMACOlvi. 1994) p 203, 
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