should proceed directly from fundamental princi-
ples to practical examples. The development of
such a course sequence is relatively straight-
forward and should not be further discussed
here*. The design aspects must be taught within
a much more flexible framework, comparable to
that recommended for process design in such
references as Strategy of Process Engineering
(Rudd and Watson). This framework does not
now exist, and a very high priority should be
given to its development.

Equipment design must, like process design,
be based on a strategy and general principles
rather than a set of generally applicable differen-
tial eqations. Problem definition is now the pre-
cise statement of equipment function. Thus in
the sandpaper example above the grinding device
must both reduce size and produce sharp-edged
particles of compact shape. The remaining
stages of the solution will generally require much
more detailed physical information than used in
conventional treatments of process design, and
transport phenomena can be expected to play a
key supporting role. The listing of alternative
solutions will require an extensive knowledge of
physical chemistry. Precedence ordering will
now often require ordering of experiments or a
mixture of experiments and computations, and
it must be recognized that a systematic approach
is useful even for very messy problems not
amenable to extensive computation.

Development of an undergraduate course in
equipment design is now being seriously consid-
ered at Wisconsin, and, I would expect, else-
where. Detailed discussion of such a development
is out of place here, but it does seem proper to
point out that this type of a course will affect
the rest of the curriculum. In addition to a sound
background in transport phenomena we must be
sure that the student has an adequate practical
grasp of applied physical chemistry. I am not
sure that this latter requirement is always met.
It is also desirable to provide a more extensive
historical background in both science and engi-
neering than is now customary, to give perspec-
tive and also the faith necessary to successful
innovation.

*This must, however, be done with care. The analo-
gies and contrasts between the three transport processes
must be emphasized and a proper balance maintained
between theory and application. Simplicity must not be
achieved at the price of misrepresentation.
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LETTERS

Scenario for the 1970’s — January 1, 1980

Sir: This is a report on the decade of the 1970’s. Ten
years ago, I note that I worried that the population
explosion would come to a climax in the 1970’s and that
its manifestations would be a combination of mass starva-
tion, catastrophic war, uncontrolled pollution, widespread
epidemics and exhaustion of essential raw materials.
Except for catastrophic war, these things have all hap-
pened but not in quite the way I had expected them.

Mass starvation we have certainly had. Back in 1970,
we were used to hearing about starvation in India, Pakis-
tan, China and Biafra. During the decade it continued in
these countries on an ever increasing scale and to these
were added Egypt, the rest of southeast Asia, Brazil,
Mexico, Colombia, Venezuela, Peru, the central American
countries and all of black Africa. For awhile in the
early 1970’s, new strains of rice and wheat held out a
hope of reducing starvation, but population increases kept
pace with the gains in food production. And by 1975 the
annual increases in food production, which seemed so
promising in the early 1970’s, had slowed greatly so that
food production remained static after 1975 in most coun-
tries, and even declined in some countries, for a variety
of reasons.

It is estimated that during the decade, 200 million
people starved to death. An accurate count was impos-
sible. There were widespread epidemics in the poor coun-
tries, but they were so intermingled with starvation that
it was impossible to obtain reliable data on deaths from
starvation and from disease. Contrary to many predic-
tions, the “have-not” countries did not blame the “haves”
for the epidemics. Starving people apparently do not mind
seeing their neighbors die of disease; it reduces the com-
petition for food. Western medical teams won popular
support for their unstinting efforts during the epidemies.

Air pollution in the U.S. got no worse in the bad places
of 1970—Los Angeles, New York and Chicago—but it
spread to many other metropolitan areas. Emission con-
trols on gasoline engines and the widespread use of steam
and electric cars has actually made Los Angeles a better
place than in 1970. Low sulfur fuels and the development
of public transportation improved the situation in New
York, Chicago and San Francisco over what it was in
1970. Water pollution on the other hand is considerably
worse than in 1970. Lake Erie is a lifeless sump. Lakes
Michigan and Ontario are about as bad as Erie was in
1970. The open ocean itself is in poor condition being
polluted world-wide and not just from the U.S.A. The
Atlantic beaches from Boston to Virginia Beach are un-
safe for bathing. A new major cause of death in the U.S.
is poisoning from an accumulation of pesticide residues.
This affects principally middle aged and older people.
Marijuana is now legal and rivals tobacco in sales.

The fears concerning exhaustion of essential raw ma-
terials were largely unfounded. We now get 40% of our
oil from offshore wells compared to 15% in 1970. In the
past decade, we opened up vast deposits of low grade
copper and iron. We collect and recycle almost all of the

(Continued on page 116)
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Figure. 2. The Department cooperates with the Mechanical Engineer-
ing Department in operating this 80 ft loop for slurry pipeline

research.

cooperation with Canadian General Electric Ltd.
This program has been used in simulating alterna-
tive steel-making processes (Steel Company of
Canada Litd.), and a fat hydrolysis unit (Procter
and Gamble Ltd.). A new dynamic simulation
program, DYNSYS, has been developed and used
in transient and control studies with Polymer
Corporation, Dow Chemical Co., and Aluminum
Co. of Canada. The Department has just pur-
chased a SUPERNOVA Computer to test in the
laboratory, via direct digital control on pilot plant
equipment, some of the ideas developed in com-
puter/equipment studies of the dynamic response
of this equipment. A number of industrial proj-
ects have been carried out through the agency of
CARED, the McMaster Centre for Applied Re-
search and Engineering Design (whose Director
is a member of the Department!). These include a
major study of heavy water separation for Atomic
Energy of Canada Ltd. and the simulation of a
polymer reactor train.

However, government agencies provide most
of our research support. The National Research
Council of Canada granted us a total of $205,800
this year. This amount allows for the fact that
the university provides overheads, professors’
salaries, and partial student support. The Depart-
ment of Energy, Mines and Resources is granting
$100,000 per year (renewable, for up to 5 years)
for a major research program on waste water
treatment plants.

All the faculty are active in one or more of
various professional societies (CIC, CSChE,
AIChE, ACS, etc.). The department contains the
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editorial office of the Canadian Journal of Chemi-
cal Engineering, and several of us are examiners
for the Association of Professional Engineers of
Ontario. We initiated the annual meeting of On-
tario Professors of Chemical Engineering, a use-
ful clearing-house of education experience for the
eight departments in the province.

In concluding, it is interesting to look ahead
to the next 40 years, the working lifetime of our
present crop of graduates. What changes will
occur in chemical engineering ? Will it even exist
in 40 years time? Certainly there is a discernible
broadening in the scope in which chemical engi-
neers are employed; originally in the 1930s the
profession was centered around oil refining, and
in recent years the “chemical industry” has been
the recognized employment area for chemical en-
gineers. Now in the 1970s we see that in Canada
chemical engineers are in demand in such areas as
pollution control, mineral processing, and in broad
systems studies which may have little formal
chemical engineering content. Overlying these
new technical needs, there is a growing aware-
ness in the profession that we are accountable
for our actions—not only to our employer, but
to society and the community. By precept and
example, we try to impart this attitude to our
students. Hopefully, the teaching and research
emphasis in our program will stand our graduates
in good stead throughout their careers.

LETTERS (Continued from page 107)

copper, aluminum, nickel and iron that we use. The im-
provements in technology kept pace with the decline in
quality of ores so that the cost of metals and fuels didn’t
change much during the decade. Garbage and unusable
solid wastes are now being hauled considerable distances
from metropolitan areas for disposal.

In spite of technological advances the quality of life
in the U.S. went down during the decade. The U.S. made
little headway during the 1970’s on its population prob-
lem although some encouraging signs are just beginning
to emerge. The ghettos are considerably bigger than they
were ten years ago. In spite of massive public housing
additions, there were always people waiting to move in
every time a ghetto dwelling was vacated. Attempts to
interest the poor in birth control were always met by
demagogic statements of “governmental genocide aimed
at reducing the ghetto dwellers political muscle.” In spite
of massive expenditures for better schooling in the
ghettos, the education remains unable to train people for
useful roles in today’s society. Crime and lawlessness run
rampant in the ghettos. The police do little more than
try to contain it at the borders. Drugs, alcohol and
marijuana are available at low cost in the ghetto in the
hope that it will dull the anger of the residents.

(Continued on page 152)
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KLINZING: ECUADOR (Continued from page 146)

were reduced from 40 or 50 per week to 25 or
30 per week. The complicated thesis regulations
were modified to a more efficient system. Scholar-
ship programs for students and professors to
improve their knowledge and return to their
Universities seem to be the salvation for many
Latin American Universities. Responsibility
needs to be fostered in the students in Latin
American Universities. This cannot be accom-
plished unless they are given the opportunity to
practice it in and out of the classroom. In En-
gineering assistance programs the work is much
easier than in other areas such as History, Ad-
ministration, Education, etc. The reason for this
ease is because the amount of physical equipment
that can be employed in this type of assistance.
People are anxious to change and accept new
ideas when they see one of the means of change
physically before them. Cooperation was excel-
lent and enthusiasm for improvement notable.
The School contains many capable and dynamic
professors and administrators. It is believed
with this leadership the School will progress at
a steady rate. One working in these programs
of assistance should be flexible in operation and
ideas. He should not concede on ideals. For full
effectiveness in such a program a tour of duty
should be no more than two years. Speaking the
language of the host country is an invaluable
asset in the entire endeavor.
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The wild areas of the U.S. have had a bad ten years.
Visits to most of the National Parks are rationed. This
caused people to flock to adjacent wild areas. The use of
motorized bikes, snowmobiles and helicopters has opened
even the most remote regions to hordes of people. No
species became extinct during the decade but the grizzlies,
eagles and condors are very close to it.

Politically the world of 1980 is farther than ever
from “one world” but is closer to two worlds. The Viet-
namese war was never officially ended. Neither was the
Korean war for that matter. The U.S. slowly withdrew
its troops during the early 1970’s. Control of all of
Vietnam slipped into the hands of a government con-
tinually more Communist oriented. Red China gained
more control over the country with the aim of securing
the benefits of the Mekong rice bowl for herself. Then
pressure was exerted against Laos and Thailand. These
countries asked for U.S. help from the aggressor. The
U.S. declined, however, having heard this cry before.

In India and Pakistan, food riots, epidemics and gen-
eral misery made their national governments almost pow-
erless to guide and control these countries. Red China
now virtually controls southeast Asia, but is no better off
for it. She inherited more people than food. Her border
clashes with Russia always were followed by a pull-back
when Russia acted tough. Israel stands at the same bor-
ders she had at the end of the 1967 war. The Arab na-
tions of Egypt and Syria are overflowing with starving
people, having increased by 12 million in the past decade.
They are much too weak to pose a military threat to
Israel and Russia apparently decided back in 1972 that
nothing was to be gained by continually arming the
Arabs. Russia appears to be having considerable difficulty
just feeding her own population, now 270 million, and
doesn’t seem to have any food to spare for starving
partners. Latin America now exceeds North America in
population but in not much else. Most of the countries
of Central America and northern South America have had
a succession of military coups and ‘“popular” uprisings.

Back in 1970 I thought that homo sapiens was about
three generations from extinction. Today, in 1980, I am
not quite so pessimistic. Two hopeful signs have emerged.
Almost all of the countries of the world have massive
educational campaigns advising “Replace Yourself Only.”
Birth control is available and cheap worldwide. This
alone won’t do the job since large pockets of resistance to
limited families still exist in South and Central America,
India and Southeast Asia, and in the Arab countries. The
other development is the recently introduced method of
pre-selection of the sex of offspring. In the countries
where there is the greatest resistance to family limita-
tions, there is also the greatest desire for sons. In India,
sons are social security; in Latin America, the measure
of a man’s “manhood.” With these countries in such a
chaotic condition, statistics are difficult to obtain but
there is evidence that a great preponderance of male
births is beginning to occur. It will take another 15 to
20 years until we know whether this creates more prob-
lems than it solves and also whether the world population
is actually starting to decline as some observers claim.

Lloyd Berg, Montana State University
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