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The proliferation of science and technology in
today's world is discussed and is illustrated by reference to
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The world is now witnessing a scientific and technological
expansion that is proliferating at a speed unlike anything the human
race has ever experienced. Although Milton Friedman has spoken of
"a major industrial revolution comparable to the one that occurred
two hundred years ago,"1 even so telling a comparison is a serious
understatement. The current revolution owes its existence to the
first, which was itself vastly significant, but stands in relation to it as
a raging forest fire to a campground bonfire.
Walter Wriston says "scientific knowledge is currently doubling
about every fifteen years" [an apt description for which we should
allow him poetic license even if it is a fallacious quantification]. In
a 1992 book he says that "at least 80 percent of all the scientists who
have ever lived are now alive. In our country at least half of all
scientific research done since the United States was founded has been
conducted in the last decade."2 An essay by Mark Cantley in a
recent book about biotechnology says that "the scientific method is
one of the supreme achievements of human culture over the past five
centuries. It is the direct lineal descendant of Renaissance

1
Milton Friedman in a review of Sir James Goldsmith's The Trap, National Review,
November 27, 1995.
2
Walter B. Wriston, The Twilight of Sovereignty (New York: Charles Scribner's Sons,
1992), pp. 5, 102.
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humanism, in its self-reliant dependence on human observation and
deduction. It is the most effective societal learning instrument ever
developed."3
Science and technology advance together, interdependent and
hardly separable. In his Post-Capitalist Society Peter Drucker provides
an overview of the development of technology in the eighteenth and
nineteenth centuries; there was during that time a "dramatic shift
from skill to technology," and "the great document" of that shift was
Diderot and d'Alembert's Encyclopedic, "one of the most important
books in history" that "attempted to bring together in organized and
systematic form the knowledge of all crafts." The industrial
revolution caused one thing to feed on another: "technical change
created demand for capital" and this "required concentration of
production," which in turn "required large-scale energy, whether water
power or steam power ...."4
There is a certain danger in giving examples of today's
innovations and those expected for the future. Within a short time,
those that come into being will be considered commonplace or, if
supplanted by something later, merely elementary. The things we
mention that don't eventuate will seem in hindsight to have been
foolish pipedreams. Bill Gates of Microsoft was concerned about this
in his book The Road Ahead when he said, "This is meant to be a
serious book, although ten years from now it may not appear that
way. What I've said that turned out right will be considered obvious
and what was wrong will be humorous."5 He went ahead anyway,
and so will we here. Even though a look ahead is prone to error, it
is better than to be blindsided by what's coming. And, quite apart
from their value in increasing our understanding, the new
developments are fascinating.
Technological miniaturization is well underway. A news report
in March 1997 says engineers "are developing tiny aircraft" called
"micro air vehicles." They will carry "cameras, chemical and biological

3
Mark Cantley, "Biotechnology in Europe," in Biotechnology in Future Society
(Luxembourg: Office for Official Publications of the European Communities, 1989), p. 17.
4
Peter F. Drucker, Post-Capitalist Society (New York: HarperBusiness, 1994), pp. 2829.
J
Bill Gates, with Nathan Myhrvold and Peter Rinearson, The Road Ahead (New York:
Viking Penguin, 1995), p. xiii.
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sensors, radio transmitters and antennas," not to mention
"sophisticated computer systems, using advanced artificial intelligence
techniques." "To provide power, AstroPower Inc. of Newark, Del., is
developing a minute solar panel that can be glued to the skin of the
aircraft. Other models use tiny internal combustion engines that can
operate on a thimbleful of fuel." The miniature airplanes will be
usable for rescue work and a variety of military purposes.6
It is no wonder that a July 1997 news report says that "many
future [space] flights will use miniature spacecraft, weighing barely 10
pounds and launched by rockets the size of a 5-gallon gasoline can."
A poetic touch is added: They will be guided by tiny thrusters with
the power of "a butterfly sneeze'... ."7
In a totally different area, there is "a global boom in
photovoltaics," with the market, still tiny, growing 30 percent a year.
Semiconductors called photovoltaic cells are embedded into building
materials to turn sunlight into electricity. The price is falling sharply,
making such things as solar roof shingles and opaque glass facades
affordable. The United States had 100,000 solar-powered homes in
1995 according to Business Week, and the number is growing. The
solar panels no longer need to be architectural sore thumbs.8
A mathematical development that Business Week says "experts
believe will revolutionize engineering just as quantum mechanics has
transformed physics" [my emphasis] involves "nonlinear equations."
The equations "are used for precisely describing the behavior of
things with an unpredictable facet," which is to say, almost everything.
They will be usable in widely varied areas: aerospace engineering,
where they allow the simulation of the aerodynamics of the full
airplane and not just the wings; biotechnology, where "geneticists are
getting a better handle on the complex behavior of DNA";
automobiles, where the equations help design safer cars; finance,
where "traders are using 'nonlinear optimization' algorithms to help
maximize profits and minimize risk"; and manufacturing, where they
are helpful both as to products and production processes.9
Another revolution (among the many simultaneous revolutions)

6

Wichita Eagle, March 16, 1997, report by Robert S. Boyd.
Wichita Eagle, July 12, 1997, report by Robert S. Boyd.
8
"Sunup at Last for Solar?," Business Week, July 24, 1995, p. 84.
' "Supermath for the Real World," Business Week, September 5, 1994, p. 80.
7

Volume 23 Number 1, Spring 1998

LICENSED TO UNZ.ORG
ELECTRONIC REPRODUCTION PROHIBITED

78

Dwight D. Murphey

is taking place in materials science. Harald Malmgren contrasts the
traditional science that "used to process materials found in the earth"
(which is what most of us no doubt think of as the manner of
obtaining resources) with the new science that builds materials atomby-atom to fill needs as they arise. The newly-created materials serve
many uses. One is in ceramics "in extreme temperature applications
such as high-performance, high-heat engines, packaging of integrated
circuits and various types of sensors, and containment of space
vehicle systems." New materials are also used as "optical fibers,
superpolymers, and superconductors." The refrain is becoming
familiar: "The materials revolution is transforming the fundamental
landscape of our industrial structure."10 An important example of
this is reported in Insight magazine in August 1997 when it tells about
an entrepreneur who has invented a way to make "ordinary concrete
into a space-age material... incredibly strong and inexpensive" [and
also reducing pollution]. The new process in effect makes cement
into pourable limestone that can be used for lightweight building
materials. An additional use will be to make possible much safer
long-term disposal of nuclear wastes than can be accomplished with
cement.11
Scientific and technical research is progressing on a scale that
involves ever-larger projects alongside the smaller-scale but still
extremely innovative work such as that done by the entrepreneur just
mentioned. (The science possessed by small American biotechnology
firms is said by a Swiss researcher to be "fantastic" and "far better
than what the [established] pharmaceutical industry has."12) A
billion dollars is required to develop a new memory chip for
computers, and $3 to 6 billion to come out with a new automobile
platform. Clyde Prestowitz Jr. of the Economic Strategy Institute
reminds us that this kind of spending is possible only because of vast
product sales in a world market.13

10

Harald B. Malmgren, "Technology and the Economy" in The Global Economy,
William E. Brock and Robert D. Hormats, ed.s (New York: W. W. Norton & Company,
1990), pp. 95-97.
11
Gayle M. B. Hanson, "Like a Rock...Only Harder," Insight, August 4, 1997, p. 43.
12
Quote from Dr. Jurgen Drews, president of international research and development
at Roche Holdings Ltd. in Switzerland, in Business Week, "21st Century Capitalism" [no date
or page citation].
13
Insight, May 20, 1996, p. 25.
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Despite controversy over government's becoming involved in
the economy through "industrial policy," the United States' "Advanced
Technology Program" was started under the Bush administration and
quickly grew to five times its original size under Clinton. It "helps
fund small high-tech research that's so risky even venture capital
firms are wary."14 The main trend, however, has been away from
government funding of research and toward privately sponsored
research and development (R&D). Economist Murray Weidenbaum,
viewing this favorably, says it "makes it more likely that there will be
an accelerated flow of new and improved civilian products and
production processes."15
There has also been a shift, in the United States at least, from
basic to applied science. Business Week in 1994 criticized this shift
toward near-term goals when it called it a search for "quick results."
The magazine said that this was "the most sweeping redirection of
U.S. science since World War II." There has been a refocusing of
"America's 2.5 million scientists, 700 government labs, and hundreds
of university labs," with "corporate labs ... leading the charge."16
That the Congress cancelled the ultra-expensive Supercollider project
reflects this new priority as well as budget imperatives. At the same
time, Japan shifted its emphasis more toward basic science in the late
1980s, at least in part at the urging of the United States, which
thought Japan had too long "freeloaded" off the science of other
countries. Japan's Super Photon Ring project, costing more than a
billion dollars, will "when it's opened in 1998 ... be the world's largest
facility for short-wavelength radiation," according to Business Week in
1994.17
Information technology
Science, not computers, lies most broadly at the base of the
accelerating increase in knowledge. And yet, computers and other
information technology (such as satellites and fiber optics) have

14

Wichita Eagle, June 4, 1997, report by Tom Webb.
Murray Weidenbaum, "American Isolationism Versus the Global Economy," The St.
Croix Review, June 1996, p. 12.
" "Could America Afford the Transistor Today?," Business Week, March 7,1994, p. 80.
17
"Who Says Science Has to Pay Off Fast?," Business Week, March 21, 1994, p. 110.
13
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become pivotal to where the world is headed in most areas.
The central thing today is "information." Michael Porter says
in The Competitive Advantage of Nations that "most industries are, or
will become, high-technology or knowledge-intensive industries.
Electronics, advanced materials, information systems, and other
manifestations of modern technology are changing the product and
the value chain in virtually every industry."18 In manufacturing, the
innovation is in the areas of both product and process technology,
leading to a vast expansion of the products coming onto the market
and ever-greater sophistication in how those products are
produced.19 The implications are far-reaching: a 1993 book says "the
technologies alone are not enough. The technologies will have to be
integrated into organizational frameworks that fully utilize the
knowledge ... Even this is not enough. Industrial enterprises must
have access to generic social resources~an appropriately educated
workforce, adequate communication and information networks, a
supportive political, legal, and economic climate."20
Recent developments include such things as "just in time
inventory management," "statistical quality control," expert systems,
artificial intelligence, computer-aided design (CAD), and computeraided manufacturing (CAM). Ninety percent of American products
now carry the Universal Bar Code. Electronic data interchange
(EDI) is allowing suppliers to "network" with customers, calling into
existence the "agile manufacturing" of customized products. Business
Week tells of a specific case: "At the Ross/Flex in Lavonia, Ga.,
customers phone to discuss what valves they need ... The specs are
entered into a CAD/CAM system to design a one-of-a-kind valve, and
automated machine tools grind out the parts overnight... [It's done
at] about one-hundredth the time and one-tenth the cost of
traditional methods."21 In textiles, there are now microcomputerized
sewing systems. And the machine-tool industry operates through

18
Michael E. Porter, The Competitive Advantage ofNations (New York: The Free Press,
1990), p. 624.
19
H. Allan Hunt and Timothy L. Hunt, Human Resource Implications of Robotics
(Kalamazoo, MI: W. E. Upjohn Institute for Employment Research, 1983), p. 15.
20
Steven L. Goldman and Roger N. Nagel in Competitiveness and American Society,
Steven L. Goldman, ed. (Bethlehem: Lehigh University Press, 1993), p. 187.
21
Business Week, "21st Century Capitalism," pp. 158-9.
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computerized "numerical controls."
The rapid advance of information technology is illustrated by
a December 1996 news report that Corning Inc. "churns out more
than 5 million miles of optical fiber each year." "Already," it says,
"more than 60 million miles of fiber have been installed worldwide."
The number of phone conversations that can be carried has gone
from 24 over a digital copper cable to 200,000 on just one optical
fiber. In the laboratory, it is 20,000,000!22 The Economist puts this
in different terms: "In 1960 a transatlantic telephone cable could carry
only 138 conversations simultaneously. Now a fibre-optic cable can
carry 1.5m conversations. And very soon a fibre the diameter of a
human hair will be able to transmit, in less than a second, the
contents of every issue The Economist has ever printed in its 153-year
history."23
The near-term future will multiply these and other
developments. Bill Gates and Craig McCaw have set up Teledesic
Corp. for a $9 billion project that will put 840 satellites into orbit 435
miles from the earth beginning in the year 2000. The purpose will be
to bring "fast Internet access to the entire world." We are seeing the
"beginnings of mass-produced satellites."24 In medicine, according
to John Carey in Business Week, something called "telemedicine" will
soon connect eight rural hospitals "through high-speed networks to a
regional medical center." "Using video and computers, specialists ...
will [from a distance] read x-rays, conduct heart exams, and even do
psychiatric tests ....'l25 Fiber optics will continue to advance, with
uses from "zapping tumors and gallstones to betraying an intruder ...
detecting minute defects in bridges, guiding cars along an interstate,
even performing surgery by phone to remote regions (with help from
robotics, perhaps)," according to the same news report that told us of
the expanding miles of optical fiber installation. Digital television will
replace the original analog TV, beginning in 1998.
Further into the future-said to be more "hypothetical and

22

Associated Press report, Wichita Eagle, December 10, 1996, by Ben Dobbin.
The Economist, "Survey of the World Economy," September 28, 1996, pages not
numbered.
24
Associated Press report "A Gamble for Billionaires" by Elizabeth Weise in the
Wichita Eagle.
25
Business Week, "21st Century Capitalism," p. 169.
23
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decades away from practicality"--major developments are expected in
"nanotechnology," which is presently occupying more than 400 firms
in the United States and the Nanotechnology Institute at Rice
University. An organization called "Nanothinc" serves as a clearinghouse for nanotechnology information. The prefix "nano" means onebillionth, so that a nanometer is one-billionth of a meter. The
technology deals with things at the atomic level. A March 1997 news
report says that "in theory, a computer put together atom by atom
could pack more computing power inside a sugar cube than currently
exists in the world." The technology hopes "to use individual atoms
as if they were Tinkertoys to create new materials and products that
in some cases ... could mimic living organisms, reproduce and even
assemble still other objects ....n26
Computers
The erstwhile large size and bulkiness of computers began to
disappear in 1958 with the invention of the silicon chip. But The
Economist says "the computer revolution did not begin in earnest
until Intel introduced the microprocessor in 1971." It adds that "the
IBM PC (personal computer) was not introduced until 1982."27
Astoundingly rapid progress has been made. We have already seen
how Walter Wriston wrote in 1992 that "over the past three decades,
computers have grown in efficiency more than a millionfold."28
William Greider in 1997 wrote that for 30 years there has been a
"quadrupling [of] the chip's capacity every three years, through a
dozen generations," with the price of chips falling by at least half each
time; and that "microprocessors have multiplied in power even faster
than memory chips."29 Nevertheless, even though we have come so
far in such an incredibly short time, we still stand at no more than the
threshold of the computer age.
Here are some aspects to be aware of:
. Parallel processing. A Business Week discussion of "The

26

Wichita Eagle, March 16, 1997, report by Reid Kanaley.
The Economist, "Survey of the World Economy," September 28, 1996, pages not
numbered.
28
Wriston, Twilight, p. 21.
29
William Greider, One World, Ready or Not (New York: Simon & Schuster, 1997), pp.
174-6.
27
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Information Revolution" says this is "the key technology pushing the
power curve on upcoming generations of large-scale computers." It
combines anywhere from two to hundreds of computers to work
together. "In the not-too-distant future, parallel machines may be the
only form of supercomputers, mainframes, or high-end network
servers that survive." Eventually, even desktop computers, linked to
a single chip, will use it.30
. Object technology. First developed in the 1980s, this breaks
computer programs into building blocks named "objects." The objects
can then be combined to make larger programs. Programmers don't
have to recreate all elements of a program each time; they can use
objects from other programs. It has several advantages over previous
programming, not the least of which is that it makes programming
much easier and faster.31
. Speech recognition. I mentioned earlier that predictions will
soon seem either "old hat" or ludicrous, and we run that risk when I
mention that speech recognition is expected to replace the computer
keyboard within a relatively short time; i.e., by the middle of the first
decade of the twenty-first century. Computers with limited speechrecognition vocabularies existed in 1994, but it was said then that
"with every improvement in microprocessing power, scientists come
closer to full speech recognition." Many more people will become
involved when typing is no longer essential to computer use.32
. Programmable automation; CIM. This refers to "a family of
technologies that lie at the intersection of computer science and
manufacturing engineering." To say a machine is programmable is to
say that it can be redirected easily from task to task. There is more
flexibility for customized batch production than with "dedicated
machinery" that performs a single task. The automation portion of
the term refers to the fact that little human involvement is required.
Cohen and Zysman in their 1987 book said "the real potential of the
new production equipment comes from its integration. Imagine a
fully integrated system linking design to manufacturing, permitting an
automatic shift from one product to the next." This is called

30
31
32

Business Week, "The Information Revolution 1994," pp. 61, 63.
Business Week, "The Information Revolution 1994," p. 64.
Business Week, "The Information Revolution 1994," p. 68.
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"computer integrated manufacturing" (CIM).33
. The "virtual office." In more and more companies, employees
are not given offices of their own; they operate, instead, out of their
homes or out of office space they reserve as they need it (a process
called "hoteling"). An employee who operates from home is
"provided with a mobile office, complete with laptop, fax, and cellular
phone," according to Jeremy Rifkin. He tells us that the accounting
firm of Ernst and Young has moved to "hoteling," with only senior
managers having a desk.34
. Electronic money. In a 1995 article entitled "The Future of
Money," Business Week said "a rash of companies are developing their
own forms of electronic money, known as E-cash." It reported that
Citicorp is working on an "Electronic Money System" for computermoney that will originate with several banks. E-cash will make
possible direct and instantaneous payments by computer without
going through the banking system.35
. "Virtual retinal display." This may be the most startling
innovation I have mentioned so far. A news report in January 1997
told how Micro Vision is working on a device that uses fiber optic
cables and "tiny, rapidly moving mirrors" to paint picture elements,
called "pixels," onto the rear of a viewer's eye at the rate of
approximately 18 million times a second. The result is "computergenerated images that users would perceive as real as the real world."
The images "appear to hang a few feet in front of the viewer,
strangely solid, though translucent." We can imagine many uses, but
the report suggests one in surgery where "surgeons using minute
cameras to guide their work inside the body would have the images
float in front of them." As usual, the devices will be quite expensive
at first.36
Robotics
There has been difficulty defining exactly what a "robot" is. The
definition that was adopted by the Robot Institute of America (RIA)

33
Stephen S. Cohen and John Zysman, Manufacturing Matters: The Myth of the PostIndustrial Economy (New York: Basic Books, Inc., Publishers, 1987), pp. 152, 153, 161.
34
Jeremy Rifkin, The End of Work (New York: G. P. Putnam's Sons, 1995), p. 150.
35
Business Week, June 12, 1995, pp. 66-7.
36
Wichita Eagle, January 12, 1997, Associated Press report by Elizabeth Weise.
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and became internationally adopted is that "a robot is a
reprogrammable multifunctional manipulator designed to move
material, parts, tools, or other specialized devices through variable
programmed motions for the performance of a variety of tasks."
Hunt and Hunt say that, accordingly, a robot "can perform the same
task ... repetitively; it can perform different tasks on the same
workpiece; or it can be reprogrammed to perform entirely new
tasks."37
Robotics began slowly with the first industrial robot in the
United States in 1959. Eleven years later in 1970 there were "perhaps
a few hundred in use," and then by 1980 only 4,000, according to
Leontief and Duchin. Robots were used primarily in four industries:
foundry and casting, farm and garden machinery, motor vehicles, and
aircraft. The U.S. had fifty or more firms making robots in 1985, but
Paul Kennedy says they suffered "a drastic shakeout," so that none
were left by 1991. In his 1993 book, Kennedy wrote that "it may take
a generation or more before the robotics revolution makes its full
impact." In the meantime, a labor shortage has spurred Japan into
a massive use of robots. With the cost coming down sharply, "the
economic advantages of employing industrial robots are now
overwhelming," according to Paul Kennedy.38 By July 1997 it was
reported that there are 650,000 robots in the world economy.39
Robots are already performing a wide variety of tasks:
. For all welding and painting in the automobile industry.40
. For deploying cameras and mechanical claws to do repairs and
maintenance in offshore oil drilling in deep water.41
. For harvesting cotton, wine grapes and almonds.42
. For fine-tuning television sets before they are sent to the
buyer.43

37

Hunt and Hunt, Robotics, 1983.
Paul Kennedy, Preparing for the Twenty-First Century (New York: Random House,
1993), pp. 85, 86, 94.
39
Curt Suplee, "Robot Revolution," National Geographic, July 1997, p. 82.
• William E. Brock and Robert D. Hormats, ed.s, The Global Economy:America's Role
in the Decade Ahead (New York: W. W. Norton & Company, 1990), p. 134.
41
Kenneth Silber, "Big Oil Benefits From Info Age," Insight, December 30,1996, p. 39.
42
Letter to author from W. Edward Chynoweth dated January 20, 1997.
43
Business Week, 21st Century Capitalism, p. 160.
38
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. For assisting banks with data storage.44
. For finding buried land mines.45
. For drilling cavities in femurs as part of hip replacement
surgery.46
. For driving subway trains, digging mine shafts, cleaning up after
nuclear accidents, mowing alfalfa and lawns, and even
for military surveillance through robotic helicopters.47
. For cutting cloth with a laser.48
. For making molds.49

Even these are merely suggestive. Leontief and Duchin say that
"increasingly, the stand-alone robot will be integrated with machine
tools and other equipment into a computer-controlled system that is
capable of combining product design ... with production planning and
implementation ....'l5° This is to be expected, as the world moves
into computer integrated manufacturing.
The preceding list
illustrates, however, that there are many uses outside of
manufacturing.
As we have seen, the trend is toward miniaturization. A
Japanese researcher says "the future lies in micromachines."51 In
February 1996, Business Week told of "tiny factories being built by
scientists at Carnegie Mellon University," with minirobots assembling
computer disk drives in a factory "roughly the size of a table top."
The report says "CMU hopes ... tiny, portable factories will take on
a wide variety of precision-assembly jobs ...."52
Biotechnology

The selective breeding of animals and use of organisms to make
food and drink such as wine, cheese and bread have been with us a

44

Business Week, February 27, 1995, p. 99.
Suplee, National Geographic, p. 79.
46
Suplee, National Geographic, p. 81.
47
Suplee, National Geographic, pp. 82, 84.
** Wassily Leontief and Faye Duchin, The Future Impact of Automation on Workers
(New York: Oxford University Press, 1986), p. 32.
49
Leontief and Duchin, Future Impact, p. 32.
50
Leontief and Duchin, Future Impact, p. 32.
51
Suplee, National Geographic, p. 87.
" Business Week, February 12, 1996, p. 91.
43
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long time.53 What we today call "biotechnology," however, comes
"from the discovery of two important new technologies in the 1970s,
recombinant DNA (genetic engineering) and monoclonal antibody
technology," according to Peter Daly in Biotechnology in Future
Society. Other authors in the same book tell us that "in 1973, the first
experiment to introduce extraneous pieces of DNA into a microorganism from another species generated immense scientific
excitement... It had at last become clear that Watson's and Crick's
discovery of the DNA double-helix in 1953, and the subsequent
deciphering of the genetic code in the early 1960s, had given birth to
a 'new biology' ....ll54 Mark Cantley says biotechnology has four
characteristics that mold its place today: the drive for on-going
scientific discovery that has come into being by "the cumulative (and
recently accelerating) progress in the life sciences"; relentless
competition that spurs on advanced technology; the desire to take
action against world hunger; and, pulling in the other direction, the
fear that people feel toward some innovation.55
In late 1994, Business Week reported that there were by then
1,000 biotech companies, either public or private, with a total of $20
billion invested. Nevertheless, it said, investors were increasingly
skittish, worrying that biotech was "still peddling dreams."56
Biotechnology in both Europe and Japan progressed slowly; it is
mainly the United States that so far has pressed forward with it.
In all of these matters, though, things change quickly. Biotech
already does a great deal even though it may not yet live up to the
true-believers' most radical expectations; and the potential for the
future is amazing.
"What biotechnology does already" is a large subject.
In medicine, "the development of monoclonal antibodies is
providing precise and effective diagnostic tools, and the basis for
delivering drugs to precisely targeted cells in the body." Progress is
being made vis a vis cancer: "Since 1982 an extraordinary amount of

53

Ned Hettinger, "Patenting Life: Biotechnology," Boston College Environmental Affairs
Law Review, Winter 1995.
54
Biotechnology in Future Society, Yoxen and Di Martino, ed.s (Luxembourg: Office for
Official Publications of the European Communities, 1989), pp. 37, 87.
33
Mark Cantley in Biotechnology in Future Society, p. 15.
34
Business Week, September 26, 1994, p. 84.
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progress has been made in our understanding of the molecular basis
of cancer through the discovery of oncogenes. This period has seen
the introduction by pharmaceutical companies of alpha-interferon
products for leukaemias and Karposi's sarcoma ... A completely
different approach to cancer therapy is the use of monoclonal
antibodies to target chemotherapeutic drugs, toxins or radionuclides
to tumour cells."57 Business Week reports that human trials are
being done on over 100 products, which "include new childhood
vaccines, several anti-cancer agents, a herpes vaccine, multiplesclerosis treatments, and neurological agents for conditions such as
Lou Gehrig's disease." It says three drugs produce revenues of more
than $1 billion: "erythropoetin to fight anemia, alpha interferon to
treat cancer and hepatitis, and human insulin for diabetes."58
In agriculture, according to Pascal Bye, productivity has been
rising because of "new varieties of seeds; advances in animal genetics
and stockbreeding, complemented by the use of growth hormones...;
an increase in the protein, carbohydrate or lipid content of plants;
improvements in fermentation processes; and the extraction of greater
value from by-products."59 World food production has been almost
doubled since 1973. In late 1996, it was reported that "today, the 5.8
billion people on Earth have, on average, 15 percent more food per
person than the population of 4 billion did two decades ago."60
Rifkin speaks of pest resistant genes to ward off the effects of
drought and extreme temperatures. He tells how hens are induced
to lay more eggs by eliminating their prolactin hormone, thereby
reducing their "brooding instinct."61 Monsanto Co. is selling a type
of corn that is genetically engineered to fight off the European corn
borer, which until now has cost growers damage of about $1 billion
per year.62 A development which saves farmers considerable costs
and is at the same time environmentally helpful is that "global
positioning satellites" are being used to divide farm fields into square-
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foot grids and then, using computers, to inform the farmer about
what parts of the field need more fertilizer, pesticide, herbicide or
water.63 This has been given the name "precision farming."64
Tomatoes are genetically altered so that they are slower to spoil; and
"genes can be moved directly between the plant and animal
kingdoms...For example, tobacco plants have been made to glow after
a firefly gene was inserted into them."65 Biotechnology is used not
just to increase yields, but also to improve foods' desirability and
nutritional value.^Because strawberries and ornamental plants are
attacked in Florida by the spider mite, biotechnologists at the
University of Florida have genetically altered a cousin of the spider
mite to cause the cousin to prey upon it.67
What biotechnology offers for the future goes far beyond the
things just mentioned. A news report in late 1996 said "scientists in
Africa, Latin America, Asia and elsewhere are developing 'super
rice,' wheat and cassava strains that can 'break through the yield
ceiling' and new fish varieties that can double the returns of small
aquaculture farmers." It says " ... a 'super cassava,' a root crop
similar to a potato, recently has been developed that increases yields
more than tenfold. Cassavas are eaten by 300 million poor people in
Africa alone."68 Scientists are working on "genetically engineered
farm animals with double the standard amount of meat," as
demonstrated already in the laboratory by mice that are two to three
times larger than regular mice.69 There will be potatoes with more
starch and pigs with an improved ratio of protein to fat.70
In agriculture, the "factory farm" portends actually to replace
outdoor farming, as radical as that no doubt seems. Rifkin says
laboratory cultures will replace land cultivation, and cites an example
of how 70,000 farmers on Madagascar who have raised 70 percent of
the world's supply of vanilla will very likely be replaced by "a bacterial
bath," produced in the laboratory, that will eliminate "the bean, the
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plant, the soil, the cultivation, the harvest, and the farmer."71 This
sort of change is already occurring in fishing, where Norway, Chile
and Japan have gone heavily into farm-raised salmon, causing the
world price of salmon to fall.72 State biologists in Athens, Georgia,
are working to create "a race of superbass" by cloning huge brood
fish.73
What we just saw about developments in medicine will look
primitive compared to what is coming - if society doesn't opt to
curtail what's done. A press report in October 1997 says "British
scientists have created a frog embryo without a head, a technique that
conceivably could lead to the production of headless human clones
to grow organs and tissue for transplant." A human embryo could be
genetically engineered "to suppress growth in all the parts of the body
except the bits you want, plus a heart and blood circulation." Thus,
each person could have a genetically compatible organ-farm, so to
speak; it would be like a plant, having no feeling because it would
lack a head and central nervous system.
Rifkin raises the issue of what role the genetic engineering of
human beings should play in society even in the near future.74
Prospective parents may well choose to remove any propensity their
offspring have to a variety of diseases. But what about predetermining the offspring's height? Beyond that, what about
intelligence? One can imagine a genetically-engineered race of
superhumans who might have no species-identification with other
human beings or with the human beings of the past. If that happens,
one can reasonably presume that they will accept it as natural to
dominate their inferiors. Here, the ethicist might well have good
reason to worry about "fascism."
Some Implications
With each of these revolutions, the world is barely into it. New
developments are announced every day, but they have hardly begun
to be put into practice or to change organizations to bring their full
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fruition. We see this in the building trades: despite all of the
remarkable new materials produced by "materials science," most
contractors are still using the same materials they have used for many
years. The "world as it is" amounts to a heavy drag on innovation,
producing an inertia in favor of the way things have been done
before. Time is also required to raise and apply capital, to retrain
people, to alter organizations, to adapt the law. This comes up
against the exponential growth of knowledge and the relentless
competitive pressure of the market, now more-and-more global. The
result is a process of change far more rapid than humanity has ever
known in its history, and yet seemingly slow to the individuals who
live within it. Over time, however, those individuals will find their
lives massively altered by the ever-continuing flow of incremental
changes.
Fewer workers will be needed for the tasks done by robots and
computer integrated manufacturing. Science and technology will
increasingly produce substitutes for human labor. This points to a
small, but growing, cloud on the horizon. It will eventually become a
tornadic wall-cloud. Although it is being felt already on the European
continent, it is not especially evident to people in the United States
and England, where unemployment figures remain low. There, it is
mainly being experienced as "churning," the laying off of many
workers and middle managers, who either drop out of the work force
through early retirement or as "discouraged workers," are picked up
as employees in newly developing areas, or become "marginalized" in
temporary and contract work or as "underemployed workers." As the
non-labor-intensive technology continues to become integrated into
the economy, these effects will be multiplied many times over. The
"downsizing era" has just begun.
Jeremy Rifkin notes that during the fifteen years from 19741989, "more than one million jobs were lost in the steel industry in
OECD nations" because of increases in productivity.75 William
Greider mentions that Michelin "went on-line in early 1994" with a
tire-production factory that uses computer integrated manufacturingand employs "only fifty workers." He refers to the concept of a "lights
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out" factory in which "the last worker to depart turns out the
lights."76 It is no wonder that Robert Reich can say that "routine
production jobs ... will continue to decline sharply as computerintegrated robots take over." This includes lower- and middle-level
management positions, in which "more than 780,000 foremen,
supervisors, and section chiefs lost their jobs through plant closings
and layoffs" between 1981-1986.
Even service workers that Reich calls "in-person servers" will
see their jobs vanish: "Automated tellers, computerized cashiers,
automatic car washes, robotized vending machines, self-service
gasoline pumps... Even telephone operators are fast disappearing, as
electronic sensors and voice simulators become capable of carrying on
conversations ... Retail sales workers ... are similarly imperiled ...
tomorrow's consumers will be able to buy furniture, appliances, and
all sorts of electronic toys from their living rooms ...ll77
When technology in the world economy displaces work in Asia,
Africa and Latin America, this will create a distributional crisis
affecting billions of people, despite the vast productive potential of
the technology. A result will be strong pressures toward the migration
of large numbers of desperate people into the advanced economies.
All of this takes us into subjects that are of great importance but that
are beyond the scope of this article. The author is currently working
on a book exploring these many implications and their possible
solution.
The incoming technology has "utopian" potential to improve
living standards, lengthen the span of human life, and even improve
the environment. But economic systems, ideologies, political
structures, ways of life, and cultural and spiritual values will all be
tossed about like so much chaff. The age we are entering upon is full
of danger and incredible opportunity.
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The ABM Treaty Charade:
A Study in Elite Illusion and Delusion
William T. Lee
Council on American Affairs 1997 ISBN 0-930690-54-0
Today, when the proliferation of weapons of mass destruction is
once again in the forefront of defense considerations, this book
makes salutary reading. Not only does it document false U.S.
negotiating policies during the Cold War, it also draws attention to
the continuing constraints on U.S. military development still surviving
from that period. All this is in the face of direct evidence for the
export of missiles and missile technology from the former USSR and
from China. It will consequently be useful in this review to condense
the contents of this definitive survey of the history of the ABM
Treaties - which still restrict the development of American military
technology - by a former Defense Intelligence Agency expert on
missile warfare.
By the late 1950s, the U.S. had no Anti-Ballistic Missile (ABM)
defenses, whereas the heavily-armed Soviets had complex, fixed ABM
site systems not only for the defense of Moscow but also Surface-toAir (SAM)/ABM systems for national deployment. The mission of the
Moscow ABM defenses was to buy enough time for the nomenklatura
to get to their shelters to manage a nuclear war. The mission of the
dual purpose NABM was to limit damage to critical national political,
military, and economic assets in the course of a nuclear exchange.
The Soviets put the best technology they had into the Moscow ABM
defenses, and the best they could afford into their NABM systems.
The original Moscow ABM system consisted of huge phased
array battle management radars and the long range Galosh
interceptor carrying a multi-megaton warhead. Soviet Nationwide
ABM system (NABM) consisted of the dual purpose SA-5 and SA-10
anti-aircraft and missile (SAM/ABM) systems, the Hen House and
LPAR battle management radars to provide essential target tracking
data, and a command control system integrating both NABM and the
Moscow ABM defenses. As in the case of air defense, the Soviets
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judged that any NABM, even when not effective by U.S. standards,
was better than none, and consistently fielded the best they could.
Given the gaps in U.S. technical intelligence collection, whether
the Soviets were deploying only air defense or dual purpose
SAM/ABM systems really was a 50-50 proposition for two decades.
But CIA consistently interpreted the gaps as proof that all the
systems were only for air defense and early warning of U.S. ballistic
missile attacks. As evidence supporting the SAM/ABM interpretation
accumulated, CIA failed to re-evaluate its previous assessments. The
evidence shows that the Soviets were violating Article 1 of the ABM
Treaty prohibiting NABM while they negotiated the ABM Treaty,
and that they continued to do so until the demise of the Empire.
In 1963-64 the U.S. suddenly gained a 20 year technological
advantage in ABM defenses. But the U.S. sacrificed its superior
NABM technologies on the altar of the doctrine of Mutual Assured
Destruction (MAD), served by its "handmaiden", "arms control". The
Soviet military's objective was to gain as much advantage as possible
from "arms control" agreements. The ABM Treaty was a strategic
imperative dictated by the prospect of U.S. deployment of NABM
that would have denied Soviet strategic objectives for at least 15
years, and by the Soviet 20 year lag in ABM technology.
The ABM Treaty did nothing to constrain FSU ABM programs
in the USSR. Aside from poor management in the 1960s, the
principal constraints on all FSU ABM programs were technological,
especially their lag in microelectronics, which was the bane of all
Soviet weapons development after the mid-1960s.
None of the "arms control" agreements constrained the buildup
in Soviet strategic offensive missile and air forces. The Soviets
negotiated the terms of the 1972 Interim agreement and the Salt
Arms Limitation Treaty (SALT) to ratify acquisition of the missile
and bomber arsenals required to satisfy their nuclear-targeting
objectives. Nearly 6,000 of these weapons, 80 to 90 percent of Soviet
Intercontinental Ballistic Missile (ICBM) forces and roughly half their
total arsenal were designed to destroy all the U.S. land-based missiles,
nuclear weapon storage, command-control, and other hard targets an outcome SALT was supposed to prevent.
The Politburo bankrupted the FSU to pay for these forces,
following its policy of preferential growth of military expenditures at
the expense of the standard of living of Soviet citizens throughout the
The Journal of Social, Political and Economic Studies
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"arms control" era. The military burden rose from about 10-12
percent in 1968 to 30 percent (or more) of FSU GNP in 1988-90
while consumption declined from more than 55 percent to little more
than 40 percent of FSU GNP.
The CIA bears primary responsibility for the intelligence
contribution to U.S. self-deception in the initial SALT negotiations
with erroneous assessments of Soviet: nuclear doctrine and strategy;
strategic offensive missile force development; ABM programs; the
Politburo's motivations for entering into SALT, particularly the myth
that the Soviet leaders sought to reduce the military burden on the
economy, and the role of the Soviet military in the "arms control"
process.
All of President Johnson's top national security advisers shared
CIA's erroneous estimates of the Politburo's motivations, policies,
and objectives in whole or for the most part.
Neither the ABM Treaty nor any other "arms control" agreement
did anything to deter the Politburo from approaching the nuclear
brink in 1981-84. By ensuring that the U.S. was vulnerable to Soviet
counterforce strikes and totally defenseless against ballistic missiles,
"arms control" agreements and Treaties actually pushed the hands of
the clock closer to midnight in 1981-84. The CIA now admits that
there was some sort of crisis at the time, but still insists it was not all
that serious.
In sum, the U.S. achieved none of the objectives it sought
through strategic "arms control" agreements. It was the growth in the
military burden during the SALT era was one of the root causes of
the fall of the Soviet Empire. Had "arms control" constrained the
FSU military burden near the 1968 level as the CIA expected, both
the Empire and the Cold War probably would still be with us.
Beyond the approximate number of ready (on launcher) strategic
nuclear delivery vehicles, the U.S. was unable to verify most
important provisions of SALT agreements and treaties. While the
U.S. detected several FSU ABM Treaty violations, such as extensive
testing of the SA-5 in the ABM mode and the Krasnoyarsk radar,
protests eventually were lodged only after divisive internal debate.
All U.S. protests were ignored until the Empire began to collapse.
After the U.S. protest in 1975, Soviet measures to limit U.S.
capabilities to detect testing of the SA-5, and then the SA-10, in the
ABM mode limited U.S. evidence to "circumstantial". The Soviets
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ignored protests on the Krasnoyarsk radar for years while U.S. "arms
control" advocates duplicated the General Staffs cover story that it
was just an early warning radar. The U.S. failed to detect the most
serious and blatant violation of all: NABM deployment and
modernization in violation of Article 1 of the ABM Treaty.
Both the 1972 Interim Agreement and the SALT Treaties were
so designed to accommodate Soviet strategic ballistic missile force
objectives, and so full of loopholes, that extensive violations were not
necessary. The U.S. failed to enforce those that did occur.
Encryption of Soviet telemetry never ceased. Deployment of mobile
SS-16 missiles was not officially detected.
When the cost to technical intelligence collection systems is
taken into account, the U.S. spent billions trying to verify the "arms
control" agreements with the FSU. Throughout the Cold War the
KGB waged a disinformation campaign on arms control consisting of:
"active measures" supporting and influencing what Lenin termed
Western "useful idiots".
After Gorbachev's desperate attempt at Reykjavik to stop the
U.S. Strategic Defense Initiative (SDI) program with the lure of
abolishing nuclear weapons failed, the Soviet economy began to
collapse under the combined burden of the military and agriculture
expenses - at least 45 percent of Soviet GNP going down the tube for
no economic return - major Soviet concessions on arms control soon
followed: the INF, START I, and CFE Treaties, and dismantling the
Krasnoyarsk radar.
In sum, the author argues, the U.S. should face up to the facts:
a) the ABM Treaty never was a valid contract; b) the U.S. cannot
have the Treaty and either effective TABM or NABM too; c) the
entire strategic "arms control" process has been nothing more than a
middle class welfare program in the U.S. government, academia, and
other institutions that wasted the money of taxpayers. Inasmuch as
the Soviet Union ceased to exist five years ago, the SALT and ABM
Treaties should be declared null and void in accordance with
established principles of international law.
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