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Imagine you could design your own personal
computer. What would it be? It would be fast, of
course. Faster than your basic 486 machine. Fast

The Apple Macintosh Quadra.
enough to handle the rendering, animating, design
and analysis jobs that often require a workstation.

It would have immense storage and memory
capacity. And it would have features like high-

performance networking and accelerated
video support built in.

You would make it flexi-
ble enough to run any kind
of application. Affordable
enough to put on every engi-
neer's desk. And as long as

JI, UersaCRO you're fantasizing here,
~--- .... I!II you'd make it as easy to set
Macinlosh f)lIadm runs att tbe most 1 d

poll'erjlll engineering softuare. Up, easy to earn an easy
to use as an Apple$Macintoslr' personal computer.

But it's not a fantasy. It's a Macintosh Quadra'
By any measure, the Macintosh Quadra 700 and

950 are two of the most powerful personal com-
puters ever built. Both are based on the Motorola 68040
(rated at 20 and 25 MIPS, running at 25 and
33MHz), which integrates the processor, math
coprocessor and RAMcache all onto one chip.

They're up to twice as fast as any of their
forebears. Fast enough to beat the chips off
comparably priced 486 computers from IBM,
Compaq and Dell" And fast enough to make

programs like AutoCAD,MicroStation Mac~ MacBRAVO!
and VersaCAD perform at a level once seen
only in dauntingly complex workstations.

High-performance subsystems provide
built-in support across the board: Ethernet

• networking, accelerated 24-bit video" sup-
Built-ill 24-bit ndeo letsyou port and faster SCSI and NuBus'" slots.

create photo-realistic images uilbout V. add 4 h d d' k b h
tbeexpense cf anextra card. IOUcan a OOMB ar IS to ot



the 700 and the 950 to accommodate the largest CAD
files. And the 950 even lets you add a CD-ROM drive or a
removable cartridge drive, and a disk array or more than
a gigabyte of internal hard disk storage.

Youcan increase the memory of the 950to up to64MB
of RAMfor handling compute-intensive applications like
three-dimensional modeling and stress analysis.

Over your network, the unique Apple interapplication

communications architecturer=.=:::!::::P:
lets you easily take advantage
of features like distributed pro- .
cessing, allowing programs like
RenderPro and BackBurner to
utilize excess CPU cycles on
other Mac computers or work -There aretuo Macinlosb Qlladra

. c f te . deri models. nJe 950 silsnext to )'0111'statonslOr as rlen enngs. desk; tbe 100jilson lop ojil.

And Macintosh Quadra fits in with the PCs you
already own. The built-in Apple SuperDriv( used
with Apple's new Macintosh PC Exchange software,
allows you to share files easily with MS-DOS PCs
via floppy disk or over a network. And with Apples
fully compliant version of UNIA - AIUX*- you can
even run UNIX,X Window, MS-DOS and Macintosh
programs all at PerformanceIndex
the same time. II~I"cintosh Quad", 700(9,,)& 91t)(9.7) 1

Itall adds up to I Compa'l Desk"ro ,861m I
[IBM PS/2 Model 9'i XP ";6133 I

the kind of power I Dcllm' (4861lll I 1=~~I~~;!;,Il.ll(,

thatmovedPC .I ! l • I I, • 8 q ~I

TV!' .l; • th Macinlosb Q//atlra sig//ificanll)' outperforms486 Pes
W'eeM to grve e from IBM, Compaq andDell running Wi"dou's ;'0.

Macintosh Quadra its highest satisfaction rating in
the categories of overall performance, price relative

to performance, expansion capability and ease of instal-
lation and configuration:

Your authorized Apple reseller would be glad to show
you all this and more. For the name and location of
the one nearest you, call 800-538-9696, extension 200.

And soon you'll discover the latest power of •L,
Macintosh personal computers. The power to
start a revolution. The power to be yourbest'
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T
HE theme of the recent Earth
Summit in Rio de Janeiro was
"sustainable development." But
despite the best intentions of the

many governments and public-interest
organizations in attendance there, the
road to sustainable development has to
be paved by industry. Business-as-usual
must come to include the widespread use
of environmentally sound technologies
and practices during all phases of a
product's life cycle.

The concept of "duty of care," intro-
duced in the 1990 British Environmental
Protection Act, could be of great value in
pursuing this goal. Referring to the
responsibility of manufacturers to mini-
mize undesirable side effects, duty of
care is akin to the U.S. notion of "cradle
to grave." Companies must not only
provide for the safe disposal of wastes;
they must design processes and products
to minimize the volume of waste in the
first place, and in some cases ensure that
the products they make are properly
reused or recycled.

Thus, duty of care embodies such
goals as preventing pollution ("source
reduction"), finding new uses for waste
streams, substituting benign materials
for those that are toxic, and improving
the efficiency and productivity of indus-
trial activities. This is no high-sounding
yet hopelessly impractical idea; it in fact
reflects a shift in the thinking of leading
industrialists. Changing Course, for
example-a report issued by the Busi-
ness Council for Sustainable Develop-
ment in preparation for the Earth Sum-
mit-provided examples of a wide
variety of actions that companies
around the world are taking.

One form of duty of care is manifest-
ing itself in Europe and Japan, where
"take-back" or recycling legislation
spells out what is expected in responsible
industrial practice. Japan's 1991 Law
for Promotion of Utilization of Recy-
clable Resources not only encourages
the use of recycled material; it also
requires design changes in products-

Industry's Duty of Care

First Line

"design for disassembly"-to make
them more easily recyclable at the end of
their useful lives. This law applies to
such products as automobiles, air condi-
tioners, televisions, refrigerators, and
washing machines, and it also embraces
packaging.

The German automobile industry is
grappling with new waste-disposal
requirements under which automakers
must take responsibility for disposing of
cars after consumers are through with
them. BMW claims that its new series of
smaller cars will have all-plastic parts

stringent California standards calling for
zero emissions in at least 2 percent of
vehicles sold there in 1998 have spurred
R&D at U.S. automobile companies.
They have pooled resources and exper-
tise for research in areas such as particu-
late-emissions control and electric-vehi-
cle batteries.

Second and most basic is that compa-
nies must now regard the environmental
imperative as an integral part of their
business goals, and get their suppliers on
board as well. Companies should
employ a precautionary approach, tak-
ing action as soon as they learn that
some product or process is environmen-
tally harmful, instead of waiting until
forced to do so or until all uncertainties
are resolved.

The push to phase out chlorofluoro-
carbons (CFCs), given their link to the
depletion of stratospheric ozone, is a
classic precedent. Recognizing the need
to reduce the use of CFCs as solvents,
electronics companies developed strate-
gies for eliminating their use. Indepen-
dently and through the Industry Coop-
erative for Ozone Layer Protection,
these firms are developing alternative
ways of cleaning electronic components
that they are passing on to suppliers and
spreading to operations abroad. AT&T
has led in the development of manufac-
turing processes that are free ofCFCs,
and the company is en route to eliminat-
ing CFC emissions from all its plants in
the United States and abroad.

'There is no silver bullet or single
approach to realizing the new ethic.
Because companies are so diverse, they
must all separately address their own
particular environmental challenges. Yet
when all act individually to reflect duty of
care, firms will be able to learn from one
another, adopting the "best practices"
that emerge in the pursuit of environ-
mental-and economic--excellence .•

Companies can bethe
true agents for making

"sustainable development"
a worldwide reality.

-
marked so that they may be easily sorted
for recycling. Volkswagen recently
announced that it will take back all its
1992 Golf models regardless of how
long the cars have been on the road. The
German legislationwill soon cover elec-
tronic products as well.

In the United States, several compa-
nies are pioneering responsible environ-
mental stewardship, often using catchy
acronyms to identify their programs:
3M has 3P (Pollution Prevention Pays),
Dow Chemical has WRAP (Waste
Reduction Always Pays), and Chevron
has SMART (Save Money and Reduce
Toxics). As these names imply, compa-
nies often find it profitable to reduce
waste, especially through improved eco-
nomic efficiency.

These companies' experience shows
that duty of care can take hold in the
United States, and that top-level business
managers can make the concept a reality
if they commit their organizations not
only to the promise but to the actual
measures needed to follow through.

First, research and development capa-
bilities should be harnessed toward this
end. That is already happening in
response to local regulation and public
insistence on "green" products. The

-ROBERT M. WHITE
President of the National Academy

of Engineering

-DEAN AJ. RICHARDS
Director of the NAE's Technology

and the Environment Program
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Letters

lb:LEVANCE AND RIGOR
For those of us teaching introductory sci-
ence courses, "Reforming Freshman Sci-
ence" by Sheila Tobias(TR May/June
1992) provides an important message.
For some years now, we in the Dart-
mouth Chemistry Department have been
doing exactly the sorts of things Tobias
recommends: we have integrated excit-
ing demonstrations into classroom lec-
tures, explained the connections between
course material and everyday phenom-
ena, and made ourselves accessible to
students. One of our professors has
recently developed animated Macintosh
software that clarifies freshman chem-
istry concepts by describing the proper-
ties of molecules such as AZT, caffeine,
Teflon, and aspirin.

However, the effort to retain more stu-
dents should not mean that we sacrifice
scientific rigor. Unfortunately, many
freshmenwho have beendrawn to science
through high school courses designed to
pique their interest drop out when faced
with the demands of college science.In
addition to examining the quality of
teaching in freshman science,Tobias and
others might look at differencesin student
attention span and self-disciplineover the
past few decades. After all, "work over-
load" and "a punishing pace"-reasons
Tobias cites for the diminishing numbers
of students in science-are relative judg-
ments. What has changed since 1966,
when, as Tobias notes, a proportionately
larger number of college freshmen
planned to major in scienceor mathemat-
ics? The basic principles of science have
certainlyremainedthe same.

DEAN E. WILCOX
Associate Professor of Chemistry

Dartmouth College

WHY SHOULD THEy
Do IT IN TIlE ROAD?
The authors of "The Case for Smart
Highways" (TR July 1992) provide
an excellent discussion of how intelli-
gent vehicle/highway systems (IVHS)
might help to alleviate urban traffic
congestion.

However, the article is silent on the
broader potential of IVHS. For example,
IVHS could greatly enhance commercial
vehicle fleet management, improve
driver/operator and public safety; and
provide for more effective and efficient
regulatory operations.

The broader benefit to safety is briefly
mentioned but more in the context of a
byproduct of reduced ·congestion. IVHS
technologiesare expected to substantially
improve motorist safety in both urban
and rural locations. Not only radar brak-
ing, but vision-enhancement systems
and in-vehiclemotorist information sys-
tems, which provide critical advisory
and warning messages, are just some
of the many examples of potential future
applications.

LYLE SAXTON
Director

IVHS Office of Safety and
Traffic Operations R&D

Federal Highway Administration

Before spending billions of dollars refit-
ting the country's highways and vehicles
to make them "smart," the American
public might want to consider the faulty
logicand bogus salesmanship behind the
idea.

Smart highways would supposedly
unsnarl traffic. But such has been the
promise of nearly every urban high-
way project since the 1940s, and his-
tory has shown that these fixes have
been quickly overwhelmed by the
increased traffic they themselves gen-
erate. Highway improvements are not
the answer to traffic jams. Mass trans-
portation is. Moreover, it's question-
able whether our highway system,
which is already collapsing under the
weight of age and poor maintenance,
could even meet the challenge of so
much extra traffic.



Another problem is that we have little
experience with the mass psychology we
would invoke by coordinating large-scale
traffic flow. Would drivers submit to
being herded like sheep by a centralized
computer? Or would the game of "out-
smarting" the smart highways-by
doing the exact opposite of what the
computer suggests-thwart the system?

And what if the system failed? Even a
single major breakdown during the tran-
sition to it could destroy drivers' confi-
dence in the technology. Or if failure
occurred after the public had become
dependent on the system, chaos could
result.

But the most important objections to
the smart-highway proposal concern
who would pay and who would benefit.
It's obvious who would pay: consumers.
To justify the enormous public invest-
ment in highway refitting, government
authorities would have to persuade or
force large numbers of people to buy
computer-navigated cars. Increased tolls,
gas taxes, and extra charges for driving at
peak hours could also help, but as the
authors admit, these regressive financing
solutions have already been rejected by
communities like Madison, Wis., Berke-
ley, Calif., and Honolulu, Hawaii.

As for who would benefit from
smart highways, it's clear that the
transportation industry would. Car-
makers would have the opportunity to
sell a whole new fleet of vehicles.
Other companies would get lucrative
Contracts to install sensing, comput-
ing, and communications devices in
highways. Not surprisingly, GM,
Motorola, and the other companies
who stand to gain are the ones spon-
soring the necessary "R&P"-
research and publicity. The whole
scheme is reminiscent of the GM
pavilion at the 1939 World's Fair,
where elaborate dioramas showed
GM cars speeding along the 16-lane
superhighways of the future, all to be
built at taxpayers' expense.

WADE ROUSH
Program in Science,

Technology, and Society

MIT

LETIERS

"The Case for Smart Highways"
implies that it's a good idea to continue
to rely heavily on auto transportation.
But this goes against any kind of sound
thinking on ecological or economic
issues. Rather than investing billions in
IVHS, why not improve and expand
light and heavy rail?

ANDREW MARK
New York, N.Y.

BRAVE NEW WORKPlACES
In "Post-Industrial Society Defined"
(Letters, TR May/June 1992), Prof.
Daniel Bell takes meto task for ques-
tioning the idea of a post-industrial soci-
ety. In fact, I did not have Bell's justly
famous thesis in mind so much as the
legion of essays that have since drawn on
the idea of post-industrialism to ratio-
nalize the decline of U.S. manufacturing
excellence.

These essays commonly suggest that
there is a kind of zero-sum game between
service and manufacturing growth,
determined by market forces. But many
economists, including myself, have coun-
tered that the explosive growth of finan-
cial, management, and legal services
since the late 1960s is directly related to a
qualitative transformation in the nature
of manufacturing, notto its demise.
Manufacturing and related activities
such as distribution now take place
among and within companies that span
regions, countries, and even continents,
and those companies concern themselves
with many different economic sectors as
well. Coordinating the complex interac-
Continued on page 79

I'm Riva Poor
and your success
is my business.

I've helped
thousands of suc-
cessful people
achieve the
Results they
want in life. And
I can helpyou.

I'm a professional problem-
solver who can help you solve
your problems. I can help you
identify THE REAL YOU,
WHAT YOU REALLY WANT
and HOW TO GET IT. I can
provide you with new waysof
looking at yourself, your busi-
ness, your personal relationships
or whatever is important to you.
I can rid you of any negative atti-
tudes keeping you from attaining
your goals. I cancatalyse your
best thinking.

You will get clarity, reassur-
ance, direction, self-confidence.
Results! More money, power,
achievement, productivity, leis-
ure time, better family relations,
whatever is important to you.

My clients are the proof. And
they'll be pleased to talk with you.

Challenge me now. Call me to
explore what I can do for you.
No charge to explore and no
obligation.

Your success is my business.
Why Wait? Call me. Right now.

~~~
MIT. 8M in Management

"The Dr. Spack of the business world" - National
Observer. "Mother of the 4-day week "- Newsweek.
Originator of Dial-A-Decision8 10 give you
immediate Results regardless of distance.

Call ~ now.

617-868-4447
Riva Poor, Management Consultant
73 Kirkland St., Cambridge, MA 02138
617-868-4447 Dept.TH·)

TEQfNOLOGY REVIEW 7



SPINNING OFF IIEAT
WITII LEss POLLUTION

Like a miniature tornado, thetun-
nel-shaped flame blazing in an

experimental burner rotates furiously,
spun by preci ely aimed jets of air.
According to MIT's Janos Beer, profes-
sor of chemical engineering, and Majed
Toqan, manager of the Institute's Com-
bustion Research Facility, the burner's
design could substantially reduce the
amount of polluting nitrogen oxides
emitted by utilities and industry as they
produce power and run manufacturing
processes.

When virtually anything burns,
gaseous nitrogen, which makes up 79
percent of the atmosphere, mixes with
the oxygen in the burning mixture to
generate nitrogen oxides (NOx). Nitro-
gen-containing fuel such as coal and oil
produce even more NOx' And in sun-
light, the NOx can mix with hydrocar-
bons from, say, automobile fuel to form
ground-level ozone, which causes respi-
ratory stress and other health problems.
Nitrogen oxides are also components of
acid rain.

In conventional burners, fuel and air
mix vigorously from the start. This
makes for efficient combustion but also
provides the right conditions-high tem-
peratures and plenty of oxygen-for
NOx formation. The patent-pending
"radially stratified flame core burner"
invented by Beer and Toqan delays this
mixing and thus limits the formation of
nitrogen oxides.

"What we are doing is 'staging' the
combustion," shouts Beer, peering
through a thick piece of dark glass at the
roaring, orange flame as it gyres out of
the fuel nozzle. In the first stage, the
rotation of the cylindrically shaped
flame pushes the relatively cool, dense
air simultaneously piped into the com-
bustion chamber to the outside of the
flame, almost completely separating the
fuel from the oxygen. Inside the heat of
1,200-1,500 °C exists a calm zone,
much like the eye of a hurricane, where
the fuel pyrolyzes, or breaks apart chem-
ical bonds in the absence of oxygen. This..

MIT
Reporter

creates a waste product of inert nitrogen
gas along with heat.

About three feet beyond the fuel noz-
zle, Beer explains, the flame "blossoms
out" and collapses into a doughnut-like
shape. In this second stage, air mixes
with the pyrolyzed fuel, which ensures
that the fuel is burned completely. Car-
bon dioxide and water are the primary
waste products.

The experimental burner can use nat-
ural gas, oil, or pulverized coal as a fuel
with only minor adjustments. With nat-
ural gas, the burner emits as little as 14
to 16 parts per million nitrogen oxides,
a significant reduction from the 200
ppm generated in a conventional
burner. Burning oil yields about 80 ppm
compared with as much as 600 ppm
otherwise.

Following laboratory research, the
next step is building an industrial-scale
burner. ABB Combustion Engineering
in Windsor, Conn., plans to scale up
the burner from its current 5 million
Btu per hour capacity to 80 million Btu
per hour. (By comparison, a typical
home water heater produces 5,000 to
10,000 Btus per hour, while a small
electric-utility boiler might produce the
equivalent of 1 billion Btus per hour.)
Southern California Edison has agreed
to test several of the 80-million-Btu
burners on a boiler that generates elec-
tric power.

"We're going to be getting more and
more calls for low-nitrogen oxide burn-
ers," points out Dick Borio, ABB'sexec-
utive consulting engineer."It looks like
the handwriting ison the wall because of
the new Clean Air Act," which imposes

regional ozone limits. Meanwhile, state
governments in the Northeast and Cali-
fornia, where ozone levels are consis-
tently above safety standards, have
imposed local regulations. California
power plants burning natural gas, for
example, are limitedto 30 ppm nitrogen
oxides in their emissions; oil burners to
100 ppm.

Some burners already on the market
reduce industrial NOx emissions by
adding ammonia, which reacts with
nitrogen oxides to form nitrogen gas.
But, Toqan says, these systems have a
disadvantage, sinceammonia is an addi-
tional and hazardous material. Other
low-nitrogen burners use separate
chambers for different combustion
stages, a technique that the MIT
researcher claims requires more space

than his system and leadsto lessefficient
burning. Stillother burners employ cata-
lysts, much like those in the catalytic
converter included in all cars built after
1975, again to form nitrogen gas.
Although some of these burners pro-
duce, with natural gas fuel, as little as 10
parts per million of NOx, they can cost
10 to 50 times more than the MIT
burner is expected to cost, per ton of
avoided NOx, according to Toqan.

"Combustion-modification tech-
niques like those in the radially stratified
burner willmost likelygive the best bang
for the buck," says Angelos Kokkinos,
the air-quality control project manager
for the ElectricPower Research Institute.
"If the results we're seeing from MIT
follow up in a larger-scale application,
we will be very interested in this
burner."-P.]. SKERRE7T
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