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Material Virtuality: towards a macrosociology of nanotechnology

Our understanding of the social relations of technology is often eclipsed by their technical dimensions. Nuclear power, for example, has been publicly described by comparing the amount of energy in an ounce of uranium fuel to its equivalent in coal (about 4 tons), and its zero air pollution. This is technically accurate, but richer descriptions of the intersections between its technical and social dimensions reveal a much more problematic system. In a similar way, nanotechnology has also been defined in narrow technical terms; that of size:
Nanotechnology is the understanding and control of matter at dimensions of roughly 1 to 100 nanometers, where unique phenomena enable novel applications. Encompassing nanoscale science, engineering and technology, nanotechnology involves imaging, measuring, modeling, and manipulating matter at this length scale (U.S. National Nanotechnology Initiative).
Rather than defining nanotechnology strictly in terms of size, we should seek a richer description of its intersections between its technical and social dimensions. That’s not to say that nanotechnology will necessarily turn out to be as problematic as nuclear technology, but rather that we need a framework for making its political and cultural implications more visible. 

This essay will introduce one such framework, termed “material virtuality.”  Rather than focus on size, material virtuality concerns the relations between informational and material domains. Many important aspects of both technology and politics can be approach in these terms. A question like “who sends out the (informational) orders, and who does the (material) leg work” might apply as well to parts of a machine as it does to roles in a society. Often social analysis treats these dimensions separately—Marxist analysis for example is focused on material relations, while semiotics views the world as symbols—but some scholars have developed a synthesis. Frykman and Lofgren (1987) for example the rise of the Swedish middle class in the 19th century, using a combination of semiotic and materialist analysis to show how changing conditions of production were met by imposing order on previously less ordered (or self-ordered) facets of nature and society, but also how order itself took on symbolic significance as the distinguishing character of middle class identity. Similarly, we will look at aspects of control technology, and ask how three societies in particular historical moments--ancient Greece, early modern Europe, and 20th century America--might be characterized by their control technology in both material and semiotic terms. This “macrosociological” perspective will illuminate the changing conceptions of the relation between informational and material domains in the technology of control, and its relation to the politics of control, over broad spans of time. It will help us see why nanotechnology and its related innovations require their own distinct demarcation, and provide a new framework for investigating their political implications in our present historical moment.
I. Control systems in technology and politics in ancient Greece.

The contemporary term “cybernetics,” the science of control systems, was derived by mathematician Norbert Wiener from the Greek word for steersman—kubernon. We can gain some insight into the kubernon concept in its original context by looking at its use in Plato’s Republic, where the analogy between steering a ship and steering a state was a prominent metaphor. Its most extended use appears in book 6, where Socrates provides a parable about a mutiny, to emphasize how the ability to pilot a ship and the authority to command a ship must be brought together in the same person:  “…but that the true pilot must pay attention to the year and seasons and sky and stars and winds, and whatever else belongs to his art, if he intends to be really qualified for the command of a ship, and that he must and will be the steerer, whether other people like or not—the possibility of this union of authority with the steerer's art has never seriously entered into their thoughts or been made part of their calling.” 
When Norbert Wiener selected the term kubernon, he had a similar ship/state analogy in mind – the root of the English term “govern” also comes from kubernon, and Wiener had extensive training in philology from an early age as a result of his father’s influence. But unlike Plato, Wiener’s discussion of this analogy is clearly focused on steering as a feedback loop:
For example, one form of steering engine of a ship carries the reading of the wheel to an offset from the tiller, which so regulates the values of the steering engine as to move the tiller in such a way as to turn these values off. …Thus the feedback system tends to make the performance of the steering engine relatively independent of the load. (Wiener 1948 pg 7).  
For Wiener the boat analogy was important because of the circular flow of information between steersman, rudder, and environment, which he says is analogous to the circular flows of information in a true democracy. But for Plato the boat analogy was important because the unity of authority and steering activity in the singular person of the captain did not permit democratic rule—in his parable the sailors who want to run a ship by popular voice are destructive fools. 
Feedback mechanisms of the type Wiener championed were first introduced to the Greeks by Ktesibios in Alexandria, who invented a float regulator for a water clock (“klepsydra”) circa 270 BC. Plato’s Republic was written more than 100 years before that time. The klepsydra of Plato’s era had no feedback mechanism, but it did play an important role in the democratic politics of Athens, since it timed oral presentations in both the courts and the Council House. In his discussion of Athenian technologies of democracy, Dibble (1999) notes that This large clay pot had a bronze tube at its base, so that when the pot ran out of water, the speaker ran out of time—another synthesis of the material and the informational. 

In one sense, the ways that any particular technology is used in political thought is “up for grabs”; merely a matter of creative metaphor. By focusing on different aspects, a ship metaphor was used to support democracy by Wiener and to support authoritarian control by Plato. But in another sense our technologies do bear some relation to our political systems. The essential synthesis that Plato cites as necessary for the proper function of both ship and state—“this union of authority with the steerer's art”—is an artifact of his particular place and time: for his historical moment the best way to assure authoritarian rule was by preventing the split between the commanding information of a control system and its material force or power. But the same merger between informational and material could also be used as a democratic technology, as we saw in the klepsydra. Future writers—both democratic and authoritarian—would have at their disposal technologies in which the relations between informational and material domains could be differently configured, as we will see in the following sections.
II. Control systems in the technology and politics of early modern Europe.

In his text Authority, Liberty and Automatic Machinery in Early Modern Europe, Otto Mayr (1986) begins with the following puzzle: “Why were feedback devices ignored and rejected in continental Europe well into the eighteenth century? And why, at the same time, were they cultivated and appreciated in Briton?” Mayr’s hypothesis is that the reasons are, in part, political: automatic devices without feedback—essentially clockwork mechanisms—became metaphors for authoritarian social control, while feedback mechanisms were symbolic of more democratic systems. Mayr found that the first part of his hypothesis was well supported: political writings of continental Europe in that era did indeed make extensive use of clockwork mechanisms as metaphors for a well-run society, as well as in other positive metaphors (such as God as a watchmaker, or healthy bodies as well-tuned clocks). In Briton, by contrast, clockwork metaphors were more ambivalent, sometimes referred to as “cold” or “gloomy” or “long-faced,” and associated with forced punctuality and other negative attributes. 

The second part of Mayr’s hypothesis – that feedback mechanisms were seen as metaphors or symbols of democratic politics—was less supported by his data, as Mayr himself is quick to point out. He does succeed in showing that many British writers made increasing use of feedback or “self-regulation” concepts for promoting a liberal state. Adam Smith, for example, noted three self-regulation phenomena: the dynamics of supply and demand, the regulation of the labor pool, and the balance of rewards and labor supply in occupations. George Savile, William Penn, Alexander Pope and others spoke more of a general equilibrium of concordia discors, the harmony achieved in a community that tolerates disagreement and dissent.
 But Mayrs also notes that the feedback mechanisms known at the time—the devices described in Hero of Alexandria’s Pneumatics, Drebbel’s thermostat, windmill speed regulators, Watt’s governor, and others—were not used as metaphors by these champions of social self-regulation. Mayrs has the correlation—feedback often used in both technological apparatus and social theory in Briton, rarely used in Continental technology and social theory—but not the causation. In the end he falls back on a zeitgeist argument of causation: the concept of self-regulation becomes an ineluctable “spirit of the times” that is common to both British technologists and British social theorists. That’s not to say it is not a worthwhile argument; indeed much of the historical analysis in this essay would also fall under that weaker form for causal evidence. But I believe the material virtuality framework is more than just an historical analysis: it has definitive consequences for our understanding nanotechnology, as we will shortly discuss.
III Master-slave relationships in technological and social systems.

Mayr focused his analysis on a comparison between the theoretical writings of social analysts and the practical work of technologists in early modern Europe. He did not pay much attention to the institution of slavery, partly because it would force him to cover another space and time: not early modern Europe, but rather the American context of the 19th and 20th century. If we apply Mayr’s analysis to that context, we also find some illuminating relations between social and technological conceptions of control. 
The use of the term “master-slave” is currently quite common in technical descriptions which specify a control relation between two technological devices: the US patent office lists 19,708 patents using the phrase (that is, using both “master” and “slave”) since 1976. These include automotive clutch and break systems (master cylinder, slave cylinder), clocks, flip-flop circuits, computer drives, radio transmitters, and others. But the term is surprisingly recent. I have not found any evidence that such terminology was in use previous to the U.S. civil war, when slavery was institutionalized in Southern labor practice and federal legal enforcement. Judging mainly by patent records (publications such as technical dictionaries seem to lag behind patents in reflecting terminology changes), it appears that the term “master-slave” did not become a common part of the engineer’s lexicon until after WWII. Why did the metaphor only emerge long after the literal practice had disappeared?
The use of one device to control others is not new, and examining the patents previous to WWII we see plenty of alternative terms. For example, the Standard Electric Time Company of Springfield, Massachusetts was a major supplier of what are now called master-slave clock systems, but its original catalog from 1887-1890 listed these as “master” and “secondary” clocks, and it appears that the same terminology was used in their 1909 catalog.
 The first system using the term “slave clock” appears to be the “Shortt Free Pendulum Clock” in 1922. The earliest patent making use of the term “master-slave” that I have found is #2510461: “Multistation Microwave Communication System,” from April 1946. The previous patents it cites, such as #1921168 from 1933, use phrases such as “master oscillation generator” and “second oscillation generator.” I was surprised to find that flip-flop circuits, despite their ubiquity in digital electronics, did not appear to have any patents using the “master-slave” phrase until #3454935 in 1966. I was able to track down the engineer on that patent, Bud Hippisley, who kindly offered to review his mimeographed course notes and exams for his undergraduate "Digital Systems Engineering" course at MIT in the Spring of 1962, and found that despite ample discussion of flip-flops, the master-slave phrase was never used. He said a review of the written memos at Honeywell during the early 1960s also revealed an absence of the term, although they used it verbally, “especially when people with asynchronous design experience came onto our… design team.” 
Similarly, none of the early patents for hydraulic cylinders that I have examined (one each in the years 1878, 1901, 1909, 1910, 1930, 1939, 1948, 1950, and 1951) made use of the phrase, instead using terms such as “main cylinder” and “receiver cylinder.” The term “servomechanism” is also frequently used to describe control dependencies in hydraulic systems. “Master-slave” does finally appear in patents for hydraulic cylinders after 1960; the oldest I have found is patent# 2882686 for Apr., 1959. The author introduced the terms cautiously -- “In such hydraulic systems the actuating cylinder and piston assembly is generally called the “master” and the actuated cylinder and piston assembly is generally called the “slave”” (pg. 1) – indicating that its usage then was not as common as in the time of later patents, where the terms are used without quote marks or explanation.
By comparing the term “master-slave” with that of its predecessor terms, we can start to understand why it did not come into technological usage until after WWII. First, there is the issue of autonomy. The terms “master clock” and “secondary clock” made sense when only the master clock actually kept time, and was mechanically linked to the secondary. The term “slave clock” was introduced in a Feb 1, 1904 report by astronomer Sir David Gill because in his system the secondary clock could keep time itself, but still had to obey the master clock’s timekeeping corrections via an electrical signal. It did not become practical until 1922, when manufacturing of the “Shortt Free Pendulum” began. This was also the time when the term “robot” was introduced; it too used the slave concept to describe the control of an autonomous technology:
“Robot: 1923, from Eng. translation of 1920 play "R.U.R." ("Rossum's Universal Robots"), by Karel Capek (1890-1938), from Czech robotnik "slave," from robota "forced labor, drudgery," from robotiti "to work, drudge," from Old Church Slavonic rabota "servitude," from rabu "slave”.”  (from http://www.etymonline.com/index.php?l=r&p=16).
The second issue, closely related, is the difference electrical signals make in the amount of force used by the master control. Consider what it meant to steer a car before power steering: you forcibly wrestled with the steering wheel. It did not slavishly carry out your whims; the act was more like a negotiation between manager and employee. Hence the appropriateness of the term “servo-motor” (coined in 1872) and “servomechanism” (1930s): both terms suggest “servant” – someone subordinate but otherwise an equal. These pre-cybernetic systems, often linking mechanical to mechanical, did not make the split between the signals of command and materiality of power readily apparent. But the control via electrical systems widened the gap considerably. By using an electromagnetic relay or vacuum tube, engineers found that a powerful mechanical apparatus could be “slaved” to a tiny master electronic signal. Here we have a much more vivid split between the informational and material domains. And with the introduction of the transistor in the 1950s and the integrated circuit (silicon chips) in the 1960s, the split became even more stark.
This coupling between immense material power and a relatively feeble informational signal became a fundamental aspect of control mechanisms and automation at all scales, including the factory. Combined with changing human managerial systems, it allowed a greater split between skilled and unskilled labor. One of the most vivid descriptions of this coupled techno-social change can be found in David Nobel’s (1985) classic paper on numerically controlled machine tools. Nobel provides convincing evidence that the 1950s introduction of Numerically Controlled Machine (NCM) techniques in lathes, mills etc. was more strongly motivated by managerial concerns for avoiding shop floor control and union power than for improving accuracy or efficiency. In a reversal of Plato’s “union of authority with the steerer's art,” NCM tools allowed greater authoritarian control through the separation of informational authority and material expertise. 
Thus the social resonance for this technology is as much about the wage slave of the 20th century as it is about enslaved African Americans of the 19th. Of course this was not the only vision of mid-20th century technosocial relations; we should keep in mind that Norbert Weiner’s democratic aspirations for cybernetics were also born in this era (cf. Heims 1980, Bynum 2004).
IV Master-slave manipulators in Feynman’s 1950s vision of nanotechnology

A particularly important exemplar of the 1950’s era master-slave technologies was the device which coupled a pair of gloves with a manipulator that followed the gloves movement. First introduced by Raymond Goertz at Argonne National Laboratory in 1948 for the safe handling of

radioactive isotopes, the master-slave manipulator played a central role in the imagination of physicist Richard Feynman in his seminal description of nanotechnology (Feynman 1959):
Now, I want to build much the same device---a master-slave system which operates electrically. But I want the slaves to be made especially carefully by modern large-scale machinists so that they are one-fourth the scale of the ``hands'' that you ordinarily maneuver. … and I make, at the one-quarter scale, still another set of hands again relatively one-quarter size! This is one-sixteenth size, from my point of view. And after I finish doing this I wire directly from my large-scale system, through transformers perhaps, to the one-sixteenth-size servo motors. Thus I can now manipulate the one-sixteenth size hands. Well, you get the principle from there on. 
One of the interesting results of examining the history of technology in the macrosociological perspective used here is its illumination of the way in which each prior sociotechnical system is required to construct its successor. It takes Plato’s unitary steering/command system to get us to the automatic machinery of early modern Europe, and the automatic machinery to get us to the master-slave control systems of the 1950s. The singular steering mechanism of Plato becomes but one of hundreds of movements in the clocks of early modern Europe. The single clock that Mayr showed to be so profound a metaphor in the writing of France and Germany becomes but one of dozens of slaves to the master clock of 20th century America. And now Feynman envisions the technology of the next historical era:
When I make my first set of slave ``hands'' at one-fourth scale, I am going to make ten sets. I make ten sets of ``hands,'' and I wire them to my original levers so they each do exactly the same thing at the same time in parallel. Now, when I am making my new devices one-quarter again as small, I let each one manufacture ten copies, so that I would have a hundred ``hands'' at the 1/16th size.
Feynman’s fractal vision of material-informational relations in what would become the postmodern era shows a continuation of the macrosociological pattern: the previous technology undergoes a sort of simultaneous multiplication and compression as master-slaves begat master-slaves in ever-shrinking recursion. Of course it is highly unlikely that this is how nanotechnology will literally take place, but metaphorically it is quite accurate: many layers of technology must be brought together to create one of nanotechnology’s single carbon nanotubes. The macroscopic techniques of electrical engineering brought forth the microscopic era of electronics, and the microscopic techniques of electronics – chemical vapor deposition on silicon substrates for example – are used to create the conditions for controlled self-assembly of nanotubes: the nanoscopic techniques of a new era.
Not all nano-assembly techniques are self-assembly. Many important experiments are performed by using atomic force microscopes and scanning tunneling microscopes to move atoms around. But these are not efficient ways to create millions of devices or structures. Such techniques might be used to help guide self-assembling systems, but in such cases the essential process would still be one of self-organization. What Feynman did not envision was that the leap in reduction of size would require a leap in the autonomy of the technology. This fits yet another macro-sociological pattern: increasing autonomy at the technological side. The ancient Greek’s rudder requires the steersman and thus has no autonomy; the early modern clock can run autonomously but is not self-correcting; and 20th century cybernetic technologies (with some early modern predecessors) were self-correcting but not self-assembling. 
In each previous section we have examine the social relations engendered by the control technology of its era, and found contrasting options: for Plato’s technology of the steersman there are the dual options of the philosopher-king versus the democratic agora. For Mayr’s early modern Europe there is the clockwork efficiency of authoritarian regimes versus the self-regulation of laissez-faire. For 20th century America there is the wage slavery of master control versus Weiner’s vision of cybernetic democracy. What will be the dual political options of the nanotechnology era?
V. Nanotechnology and its cohorts: Material Virtuality
As noted in the opening paragraph, much analysis has characterized the postmodern era in terms of the Information Age. Perhaps the strongest case for this characterization in terms of technologies has been that of virtual reality—the goggles and gloves that let us enter a simulated world. Virtual reality is composed of virtual things which seem to be present but are not physically there.  In the era of nanotechnology we need to think this in reverse.  While virtual materials seem to be there but aren't, “material virtuality” is the property of things which don't seem to be there but really are.  Although I am using this property to characterize nanotechnology, size is completely irrelevant. This new property first emerged in the 1980s through what were then termed "engineered materials" or "smart materials." Smart materials blurred the boundary between information science and materials engineering, allowing the physical properties of material to be dynamically altered by informational means. 
Smart materials come in a variety of forms:  a ceramic that changes shape on command, an electro-rheological fluid that changes from liquid to solid in response to electrical current, a shape-memory alloy that shifts stress or changes elasticity in response to heat.  The materials were first projected for use in the usual high-tech distribution, with American military interests leading the way, and with products which seem centered in warfare (e.g. a submarine hull that changes shape with turbulence, thus eliminating both drag and detection) but are justified through humanitarian and recreational claims (we are promised more life-like artificial limbs and better tennis rackets).  

The significance of categorizing these under material virtuality comes from the two meanings, old and new, of "virtual."

vir.tu.al aj [ME, possessed of certain physical virtues, fr. ML virtualis, fr. L vi]rtus strength, virtue : being in essence or effect but not in fact - vir.tu.al.i.ty 

The submarine hull is both unseen -- it does not appear as a sensory fact, even though its material essence really is there -- and possessed of unexpected physical virtues; we do not envision submarine hulls wiggling like jello. Consider the popular press image of Lawrence Livermore Lab's "aerogel," a block of "frozen smoke," impossibly but effectively protecting a researcher's hand from a blow-torch. Its powerful combination of social and technological effects is symbolized by this contradiction to our bodily intuition, by its seemingly magical protection against the charred flesh we expect the “laws of nature” would demand.

This latter observation should bring some questions to mind:  Why have a category of technology which depends on the expectations of observers? Wouldn't constant exposure change our expectations? Shouldn't technology be defined in terms of quantifiable variables, such as "low-temperature physics," or its disciplinary components, such as "bioinformatics"?  

In arguing for material virtuality as a unifying concept, I am claiming not only the utility of lumping some hitherto disparate technologies into a single category, but also the use of social perception as basis of the category definition. Incorporating social subjective elements into the axioms of technoscience is not without precedent. Shannon-Weaver communication theory, for example, measures information content based on receiver expectations of symbol probability. If you are in the middle of a blizzard and someone says “its snowing today” they have not improved your knowledge of the weather; if there is a 50% chance of snow and they tell you “its snowing today” they have provided you with some information. The less likely an event, the more information communicated by its symbol. This relation is precisely defined by Shannon and Weaver: each symbol of probability P contributes an amount of information in bits: I = -log2P. 
Thus the subjective aspects of the material virtuality definition do not place it outside of scientific definition, and as we will later see it is actually quite appropriate given that we want to characterize this technology in terms of its social relations. It is not that far off from some of the “official” definitions for nanotechnology—for example the U.S. National Cancer Institute
 defines it as “Technology development at the atomic, molecular, or macromolecular range of approximately 1-100 nanometers to create and use structures, devices, and systems that have novel properties.”  The current focus on size is, from the point of view of this essay, a sort of red herring in that it eliminates some phenomena that fit the material virtuality category. But to simply say it is “technology development of structures that have novel properties” is too broad. Material virtuality is fundamentally about the shift from separating informational and material domains to bringing them together. It is, in view of the history we reviewed, a return to Plato’s synthesis of steersman’s materiality and captain’s informational authority--but here the two are far more embedded than Plato himself ever dreamed possible; it is as if the rudder itself was now imbued with the steersman’s mobility and skill. But what of the captain’s authority? Given Feynman’s recursive cascade collapsing master and slave into a single material, who is now in charge?
VI. Technological attributes of material virtuality

Before we answer that question, lets try to do a bit more to flesh out the technological side of material virtuality. For those still immersed in the Information Age, it may seem counter-intuitive to view nanotechnology as a break from that era. It is, after all, computing advances that make this new control over matter possible. But what do we mean by “control over matter”? Consider, for example, a glass from your kitchen. When whole it is perfectly safe; when broken its sharp shards are quite hazardous. Its properties in terms of danger to the human body are dependant on its spatial structure. Pure sulfuric acid, on the other hand, will do you damage no matter how it is shaped; it is highly reactive. To take another example of shape-dependent properties, asbestos is not highly reactive; on the contrary, it is almost chemically inert. What makes asbestos hazardous is its geometry—the submicroscopic fibers, on the order of 10 microns long and around 0.5 microns (500 nanometers) wide, are the perfect size to be inhaled and lodge in lung tissue.
 For that reason some researchers have dubbed carbon nanotubes “the new asbestos”—their typical length is comparable, and when many are bundled together they have sufficient rigidity to raise concern over similar possibilities for tissue damage (Service 1998). 
The point I am making here is that what we might call “material virtues” – the properties of substances from human perspective – vary not just in terms of its chemical composition (i.e. the structure of its molecules at the atomic scale) but how the substance is spatially structured at other scales as well. Lets take another example of non-nano material virtuality: the Hoberman sphere. Currently best known as a popular toy that expands and contracts, the designs of Chuck Hoberman have also been implemented on massive scales; for example the Hypar expands from 
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15 feet to 50 feet. The design below is based on a geodesic dome, but many other versions have been created. Hoberman describes physical transformation as their underlying theme:
My work centers on this insight: a designed object can transform in the same way that a natural organism does. Transformation – whether natural or manmade - occurs when the parts of an object act in a “continuum of motion” where each individual element incrementally moves relative to its neighbor. …The unique characteristics of Transforming Structures relate not to their appearance or their material properties, but to their behavior… (Hoberman 2005).
I disagree with Hoberman’s last sentence, in that I do think of transformation as a “material property.” We are so unused to this material virtue that it seems incorrect to classify it as such, but that is precisely the attribute that I am calling attention to: their unexpected and undetected nature. 
In a recent interview (Frauenfelder 1998) Hoberman describes the impact of computing on his imagination in the early 1980s: it was in manipulating objects on the screen—the ways in which they can be dynamically transformed in shape or scale—that he saw the contrast with the “frozen” nature of their built characteristics. "Binary code can represent a very full gamut of images and experiences," Hoberman says. "I wanted to update the mechanical vocabulary into the media/electronic age." It was in 1987 that he had his epiphany. Hoberman’s conceptual flip—to move from virtual materials to material virtuality—underscores the role played by this critical historical moment. 
Hoberman is perhaps the extreme in what was a more general undercurrent of late 1980s to early 1990s design. The “Rubics cube,” in which a seemingly stable cube of colored squares was allowed to make intuitively impossible transformations, and “transformer” toys, which switched from cars to robots, tanks to gorillas, etc. were also representative of this general design movement. It is relatively easy to make a conceptual connection between Hoberman’s transforming shapes and the rubrics cube and transformer toys, although I have found no indication that either one was an explicit inspiration for the other. Also occurring close to that time period (1992) was a weaker form of material virtuality: a sudden fad for clear products. Clear soda pop (Crystal Pepsi), clear beer (Zima), clear soap (Ivory), even clear motor oil (Amoco). The fad, which seemed to imply that these products were somehow more “pure” or “natural” than their opaque counterparts, was lampooned on Saturday Night Live with a skit about clear gravy. 
Why are clear products a weaker form of material virtuality than the Hoberman sphere? After all, the clarity was introduced through processes that act at the molecular level, just like nanotechnology. This is the reason why material virtuality is a more significant characterization than nano-size: clear products are weak because the degree of counter-intuitive contradiction is small, and the length of time with which it lasts is short. One might find Crystal Pepsi surprising, but only slightly so, and only for the first few times it appears. The Hoberman sphere typically delights viewers with its smooth curvilinear motion; it seems to contradict our preconceptions of how three-dimensional built structures should behave, no matter how many times we see it. 
Lets now return to our the earlier question: how long does this material virtuality effect last, given constant exposure? In some ways I think that question can only be answered empirically, as the nanotechnology age begins to churn out products, but lets try to explore the question by a contrast with virtual materials. One of the interesting outcomes of contemporary cinema has been the opportunity to compare “special effects” from previous moments in history. When Forbidden Planet was first screened in 1957 its cutting edge visual and auditory special effects wowed audiences: Robby the Robot was the most expensive film prop ever constructed at the time, animation sequences were provided by Walt Disney studios, and eerie background sounds were supplied by a Theremin, one of the earliest electronic musical instruments. But it looked primitive compared to the television series Star Trek, first airing in 1966. These in turn looked pathetic next to the special effects introduced by George Lucas for Star Wars in 1977. And so on.

Contrast that sequence—the ways that virtual materials quickly become “dated”—with what is perhaps the oldest example of material virtuality: magnetism. Set a pile of magnets in front of the average child and they will immediately begin to explore attraction and repulsion; even adults are not immune from this fascination. When we first asked the question it seemed obvious that material virtuality would be problematic as a definition because our subjective sense of “counter-intuitiveness” would quickly diminish upon repeated exposure. I am sure it does diminish, but the assumption that it would happen so quickly and so thoroughly in every case appears to be incorrect. We can probably expect a great deal of variation on that; as noted previously only an empirical approach with future nanotechnology products can really make such determinations.
VI. Social attributes of material virtuality

Let us return now to our initial question about the political characteristics of material virtuality. As in the question of diminished counter-intuitiveness with constant exposure, we must leave the bulk of such answers for future research, but we can make some preliminary inquiries. One useful area to begin such exploration is in privacy law. For example, in the late 1990s a Department of the Interior agent, suspicious of marijuana growing activity, used a thermal-imaging device to scan the home of one Danny Kyllo. The imaging revealed that relatively hot areas existed, consistent with heat lamps, and this lead to a search warrant which resulted in the discovery of growing marijuana. Initially indicted on a federal drug charge, the Kyllo case eventually made its way to the supreme court. In a 5-4 opinion delivered by Justice Antonin Scalia, the Court held that "[w]here, as here, the Government uses a device that is not in general public use, to explore details of the home that would previously have been unknowable without physical intrusion, the surveillance is a 'search' and is presumptively unreasonable without a warrant." 

Note that the ruling depends on the idea that the technology is “not in general public use.” In other words, citizens assume that the walls of their home will be opaque to anyone looking from the outside, and a new technology that circumvents that assumption can be considered an invasion of their privacy. By violating our intuition about the laws of physics—that vision is accomplished by light, and light cannot penetrate opaque walls—the thermal imaging device becomes an illegal search. But only temporarily; the ruling implies that once the technology is in general public use—to put it in material virtuality terms, once we have diminished counter-intuitiveness from constant exposure—the public no longer has an expectation that they are not being viewed simply because they are surrounded by four walls and a roof.
This example is not unique; for example Lawrence Lessig’s book Code and Other Laws of Cyberspace offers a slew of such instances where we must puzzle over the interaction between the legal system and new technology. In fact one of his examples is closely related: a hypothetical FBI computer worm that conducts a net-wide search by randomly burrowing into computers, checking for illegal materials, and then leaving for another computer. Like the Kyllo case, a suspected violation of our fourth amendment rights to be free from search without a warrant. Other examples from Lessig’s book concern online publishing, online gambling, etc. These are largely questions about virtual materials—they mainly depend on technology operating the way we are accustom to. Lessig makes the point that in effect code (ie the software that runs in cyberspace) is a part of law, or at least these virtual materials create the context in which law operates. But in the Kyllo case it is really the laws of physics, such as the opacity of walls, that we assume will continue to operate in the ways we are accustom to. That’s not to say that material virtuality actually violates the laws of physics—it merely exposes how unwarranted our expectations are about the stability of leaning on physical laws as support for our social laws. 

I am not, of course, the first person to point out that our social relations are intimately intertwined with non-humans; writers such as Donna Haraway and Bruno Latour have devoted much of their careers to just that proposition. But the specific point of material virtuality—the change in social relations that result when violating our intuitions about physical law—is slightly different. Take, for example, Latour’s (1992) essay titled “Where are the missing masses?” Using the operation of a door as his primary example, Latour notes that what the French call the “groom” (the system of hinges, springs and piston that slowly closes the door so that it neither slams shut or remains open) does the work that would otherwise have to be accomplished by a human (and in some cases, such as fancy hotels, it is). He then generalizes this example as a sociological principle:  we can come to understand the social significance of any technology by imagining what humans would have to do if it was not present. 
Latour’s essay was ridiculed in the well-known 1992 article by Collins and Yearly, titled “Epistemological Chicken.” Here they present several critiques on the general idea of non-human agency, in one case specifically using Latour’s “human replacement” principle: why not claim that each brick in the wall of a building is doing the work of 100 strong men? Latour, together with Michel Callon, reply in another essay in the same volume. Their statement oddly capitulates to the criticism; they simply agree that their principle can lead to absurdity and maintain that it was only offered in an experimental manner. But from the view point of material virtuality, both Latour/Callon and Collins/Yearly miss the point. The counter-example of bricks only seemed absurd because unlike the door, in which a human invention is created for the purpose of delegating human authority, the bricks are merely acting in compliance with external gravitational force and internal molecular force. Such physical laws, however, are a crucial thread that runs through our social fabric—we should imagine not the replacement of bricks by humans, but the alternation of our social laws that would be required if (through some new development in nanotechnology or other scientific innovation) these physical laws became more optional, allowing gravity to lesson its effect or allowing people to walk through bricks like beaded curtains. Just as replacing the door with a human can help us understand how we delegate human agency to our own inventions, replacing the dull predictability of ordinary bricks with alternative material virtues can help us understand the role of physical law in our social laws. 
VII. Conclusion
 We have examined how technologies of control embody relations between informational and material domains, and are themselves embedded in poltical domains, in three historical moments (table 1). In ancient Greece, Plato’s “union of authority with the steerer's art” sought to achieve authoritarian control through the synthesis of informational authority and material expertise. But a similar synthesis could be seen in the democratic agora of that era. In Mayr’s early modern Europe we saw the beginnings of a split between the two: mechanical devices that could carry out material tasks automatically. Again there were two varieties:  the clockwork efficiency of authoritarian regimes and the self-regulation of more democratic systems. The shift from mechanical devices to electronic devices created even greater autonomy, as it invited an even greater split between informational “master” signal and the material “slave” it commanded. David Nobel’s analysis of NCM techniques in disrupting shop floor control and union power showed how greater authoritarian control could be achieve through the separation of informational authority and material expertise. Yet the same era and devices spawned Weiner’s vision of cybernetic democracy. What will be the dual political options of the nanotechnology era?

	Era
	info/material relations
	Authoritarian example
	Democratic example

	
	
	
	

	Ancient Greece
	Partial merged
	Plato’s Kubernon
	Athenian agora’s klepsydra

	Early Modern Europe
	Partial split
	Clocks and kings
	Self-regulation in mechanical and social systems

	20th Century US
	Fully split
	Nobel’s NCM
	Weiner’s humanitarian feedback vision

	Nano Age
	Fully merged
	?
	?


Table 1: summary of the politics of informational/material relations across three spans of history
We have only scratched the surface of material virtuality in terms of either its technological or social attributes. But there are clearly political ramifications for its potential to radically alter our social landscape. Lessig famously makes the point that the software that runs in cyberspace is a part of cyberspace law (or at least the context in which law operates)—that in cyberspace one can “legislate” by coding, even though that might contradict the legislation of society in physical space. The view from material virtuality is that nanotechnology and its cohorts can do for physical space what code does for cyberspace. But Lessig’s conclusions are neither authoritarian demands for control, nor libertarian optimism for laissez-faire anarchy. Rather he proposes strong efforts to recognize the phenomena, and make democratic, deliberate decisions about it. Similarly we need to recognize that the material virtuality exposes our unwarranted expectations are for leaning on physical laws as support for our social laws, and calls for democratic, deliberate decisions about how we allow such physcio-juridical intersections to be transformed. 
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� Interestingly, Savile used yet another boat analogy in his description; like Wiener describing a negative feedback loop but in his case a more static equilibrium brought about by equal distribution of passengers in the boat (analogous to differing points of view in society).


� Quotations from the 1887-1890 catalogs occur can be found on their website at � HYPERLINK "http://clockhistory.com/setclocks/secondary_clocks/" ��http://clockhistory.com/setclocks/secondary_clocks/�. They also include a wiring diagram from their 1909 catalog at http://clockhistory.com/setclocks/technical/; again the text designates “master” clock and “secondary” clocks.


� See glossary at http://plan2005.cancer.gov/glossary.html


� Once embedded in the lungs, metals in the asbestos fibers act as catalysts to create reactive oxygen compounds that go on to damage DNA and other vital cellular components, so the hazard is not strictly limited to spatial structure, but it would be impossible without it. 





