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ENGINEERING SCHOOLS 
TRAI-N SOCIAL REVOLUTIONARIES! 

/SN.,T IT TIME OUR STUDENTS WERE TOLD? 

M. v: SUSSMAN 
Tufts University 
Medford, MA 02155 

MOST PEOPLE, BOTH IN and out of the technical 
professions, realize that technology influences 

their lives, but few appreciate the breadth and the 
profundity of its effects on all human affairs. 

Engineering educators, by and large, have no time 
and make little effort to study or become informed 
about the nature and extent of the cultural, political, 
social, and non-mathematical effects the practice of 
our profession produces. We seldom discuss these ef­
fects with our students and almost never teach them 
to non-engineering students. 

At Tufts, since the early seventies, we have con­
ducted a modest campaign to remedy what in our view 
is a serious educational oversight, by developing a 
course that shows that technology is a strong deter­
minant of social structure and a prime factor in caus­
ing cultural and even political change. The course has 
ambitious objectives that are possibly unrealistic or 
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immodest, but are, I believe, necessary and worth­
while. 

• It attempts to build awareness among engineering stu­
dents that in addition to being chemical, civil, electrical, me­
chanical etc., engineers, they are cultural engineers and 
fomentors of relatively bloodless revolutions. 

• It attempts to have them share and discuss this awareness 
with non-engineering, liberal arts students who usually are a 
majority in the class. 

• It attempts to show that technology is a characteristic or 
hallmark of all societies that are human and that even the most 
primitive society depends on technological skills that are 
passed from generation to generation as essential components 
of that society's culture. 

• It attempts to teach a chronology of technological and his­
torical events. 

• It attempts to teach that technological gains are usually 
accompanied by social and cultural changes, and by cost. 

Our course is called "Technology as Culture." It 
takes as a premise that we (homo sapiens) are too 
naked, too slow breeding, too small toothed, too puny, 
to get by on physique alone. We overcome our under­
endowment by making things from the environment 
that facilitate living. Without this facilitation, called 
technology, humans cease to exist. With it, we 
threaten the Earth. The course has four parts, as 
shown in Table 1. 

The first part is called (with no attempt at original­
ity) "Man, The Tool-Making Animal." It presents a 
condensed history of technology with special lectures 
on the printing press and steam engine, after which 
students prepare a chronology of about 100 selected 
events (Table 2) ranging from the disappearance of 
the dinosaur to the communications satellite, and 
write a sentence or two on the cultural-historical re­
percussions of each event. This amounts to a jet-plane 
overfli~ht of world and technological history, but it 
provi<•es a historical perspective that most students 
have 11ever had. One student commented that the 
wors1 anachronism in The Flintstones cartoon series 
was 11ot the caveman's television or car, but his pet 
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... students prepare a chronology of about 100 selected events ranging from the disappearance of the 
dinosaur to the communications satellite, and write a sentence or two on the cultural-historical 

repercussions of each event. This amounts to a jet-plane overflight of world and technological history ... 

dinosaur. He realized, somewhat sadly and for the 
first time, that dinosaurs disappeared 65 million years 
ago, whereas Fred Flintstone or homo sapiens came 
on the scene only about 40 thousand years ago. 

The second part of the course is called "Simple 
Technology Societies" and examines contemporary 
and historical societies with technologies less sophisti­
cated than ours. The examination of simpler 
technological societies is a unique and valuable part of 
the course because it tells us where we have been and 
helps dispel the "noble savage" mythology that per­
meates the thinking of many students. Lectures cover 
the interaction of military technology and tactics in 
Athenian and Spartan societies, and an excerpt from 
the Hippocratic medicine opus that gives graphic in­
structions for cauterizing hemorrhoids without anes­
thesia. ("Your irons must be white hot.") There is a 
lot of seat squirming during this reading. 

Contemporary societies are covered in readings 
and lectures on Eskimos and on Indian (Hindu) village 
life which illustrate that family structure, narrowly 

prescribed sex roles, etc. , are adaptations to the 
technological skills available in these societies. 

The third part of the course, called "The Ascen­
dency of Europe," explores the puzzling question of 
why Europe became dominant in technology when 
many essential aspects, like printing, textile manufac­
ture, ship building, decimal number system, gunpow­
der, magnetic compass, etc., originated in Asia. We 
also explore the eighteenth century European ambiva­
lence toward mushrooming technology in a lecture on 
the philosopher Jean Jacque Rousseau whose crea­
tion, the "noble savage," lost nobility and virtue when 
he discovered the hammer. 

The last part of the course deals with "The · Ad­
vanced Technological Society." The evolution of the 
chemical industry is used as a paradigm for the growth 
of modern technological industry. Students learn of 
the essential role of the Haber process in permitting 
Germany to pursue World War I in spite of the British 
sea blockade that prevented Chilean nitrates, needed 
for munition manufacture, from reaching Germany. 

TABLE 1 
Lecture Schedule, Fall 1986 

DATE LECTURE 
PART 1: Man:. The Tool-Making Animal 

9/2 Introduction 
9/5 Scope, purpose and conduct of the 

course; student responsibilities 
9/9 A capsule history of technology 

.6.Technology = .6.Culture 
9/12 Prehistoric technology; tools as the sig-

9/16 
9/19 
9/23 

nal of the emergence of man; the an­
thropologist's view; technology of 
wood, stone, pottery, agriculture, 
animal domestication 

The printing press revolutions 
Industrial revolution 
The evolution of the steam engine and 

social consequences 

LECTURER 

Sussman 
Sussman 

Reuss/ 
Sussman 
Bailey 

Solomon 
Nelson 

PART. 2: Simple Technology Societies; Contemporary 
and Historical 

9/26 

9/30 
10/3 
10/7 

10/10 

Life styles; leisure, work patterns and 
productivity; social structure; health, 
hygiene, food; individual aspirations 

Eskimo society 
Same 
Military technology and its effects on the 

cities of ancient Greece 
Greco-Roman medicine 
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Sussman 

Carter 

Hirsch 

Phillips 

10/14 Same 
10/17 A village in India 
10/21 The ecological and social "steady-state" 
10/24 Early technology in China 

PART 3: The Ascendency of Europe 
10/28 Aspects of Western culture that may 

have provided the foundations for the 
accelerated and systematic exploita­
tion of technology 

10/31 Reactions: Rousseau and the "noble 
savage" 

PART 4: The Advanced Technological Society 
11/4 The nature of modem technology as ex­

emplified by the chemical industry; 
review of the history and structure of 
a modem industry and its social and 
political side effects 

11/7 Population and human ecology 
11/14 "Metropolis"; The conflict between man 

and machine 
11/18 Same 
11/21 Energy and the ATS; Visit Seabrook or 

Plymouth 
11/25 Technology and law 
12/2 Summing up 
12/5 Coda 

Sussman 
Sussman 
Schaffer 

Sussman 

Simches 

Sussman 

Sussman 
Gittleman 

Wells 
Sussman 
Sussman 
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TABLE 2 
Mid-Term Homework Assignment 

NO.· EVENT NO. EVENT NO. EVENT 
I. Man becomes a commonplace species 35. End East Roman Empire; Final Fall of Rome 69. Jet aircraft 
2. Einstein Relativity Theory, E = mc2 36. Lateen sail 70. Paul of Tarsus 
3. Man walks on moon 37. Hinged rudder in West; in East 71. Weaving 
4 . Parthenon built 38. Leonardo da Vinci 72. Spectacles (eyeglasses) 

5 . Watt steam engine 39. Wheeled vehicles 73. Artificial nitrates from air-Fritz Haber 
6. Commercial automobile 40. Atomic pile 74. lndo-Arabic numbers 
7 . Galileo-"Epour si muove" 41. Copper vessels 75 . Surgery for Appendicitis 
8 . Potato introduced in Europe 42. Pyramids built 76. Meiji restoration, Japan 
9. Domesticated animals 43 . Paper making in West; in East 77. Roman Capital moved East, Constantine I. 

10. Wood turning lathe 44. Stirrup and improved horse collar 78. Vasco de Gama in India 
11. Karl Marx 45. Age of Arab scientific classics 79. Empire of Ashoka 
12. Black Death in Europe 46. Beginning of agriculture 80. Synthetic dyes (Perkins) 
13. Hieroglyphic writing 47. Benedict of Nursia/Labor as Prayer 81. End of dinosaur era 
14. Use of fire 48. Martin Luther 82. Ether anesthesia 
15. Spinning Jenny 49. Gothic cathedrals built 83. Transistor 
16. Dog domesticated so. Copernicus--Heliocentric Universe 84. Soap becomes a common place material 
17. Death of Aristotle 51. Shakespeare 85 . Augustus Ceasar-Beginning of Roman 
18. Chipped flint tools 52. Elizabeth I of England Empire 
19. Atom bomb 53. Queen Victoria 86. Neanderthal man 
20. Gunpowder cannon developed-Europe 54. Distilled alcohol 87. House chimney & hearth 
21. Iron implements 55. Roger Bacon-Knowledge is power 88. Air conditioning 
22. Gautama Buddha 56. Alternating current generator-Tesla 89. Commercial electric power, Edison 
23 . Savery's "Miner's Friend" 57. Computer-digital electronic 90. Qing Dynasty, China, Boxer Rebellion 
24. Moses, Ten Commandments 58. Transatlantic radio 91. First oil well drilled 
25. First silk manufactured in Byzantium 59. First artificial satellite 92. Hegira-Mohammed 
26. Bronze tools 60. Isaac Newton 93. Louis Pasteur-Germ theory of disease 
27. Alexander the Great 61. Wright brothers' flight 94. Justinian-St. Sophia 
28. Australopithecus 62. Coinage 95. Euclid 
29. Newcomen engine 63. Luddites 96. Aeolia Capitolina, Hadrian, Jerusalem 
30. Constructed fixed shelters 64. Gutenberg's printing press obliterated 
31. Death of Archimedes 65. Commercial television 97. World War I 
32. Flush toilet, internal plumbing 66. Synthetic fibers--nylon 98. World War II 
33. Brass tools 67. Synthetic plastics--bakelite 99. Radar 
34. Magnetic compass in Europe, in China 68. Antibiotics--Penicillin manufacture 

They learn of an industrial chemical root of the pres­
ent crisis in the Middle East (the Weizmann fermenta­
tion process). They visit a nuclear power plant. Lec­
tures also cover high tech's interactions with popu­
lation, law, energy needs, and such other aspects of 
human affairs as may be topical. The class gets to 
view Metropolis, a 1926 silent movie that addresses 
the topic of human domination by machines. 

Students taking the course must read three books 
and about fifteen articles. This year's books were: 

• J. Brunowski, The Ascent of Man: (based on the famous T. V. 
series) 

• C. and W. Wiser, Behind Mud Walls: (a realistic sympathetic 
account of life in rural India) 

• A. Huxley, Brave New World: (where technology achieves 
the ultimate in female liberation-freedom from the burden 
of reproduction-and establishes a caste system that can be 
measured against the Indian system described by the Wisers) 

Students keep a journal on their readings, and in 
addition to the chronology previously mentioned they 
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write a term paper on a topic related to the course's 
theme. The class meets twice a week for total of three 
hours. 

About 60% of the course participants are liberal 
arts majors who can use the course to satisfy part of 
their science distribution requirement. Their reac­
tions have been largely enthusiastic. One recently 
called the course "an epiphany"-which sent me to my 
dictionary. (An uplifting revelation; a sudden insight 
into reality.) 

I always enjoy conducting the course, and as can 
be seen from the names on the Table 1 course outline, 
I impose shamelessly on my colleagues for help when 
we touch on their specialities. The course has taught 
me a little about history, anthropology, and technol­
ogy, some of which may appear in a book one day­
and some of which is handy in a game of "Non-Trivial 
Pursuits." 

More information about the course can be obtained 
by contacting the author. D 
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WHAT WILL WE REMOVE 
Continued from page 73. 

the physical properties are listed in graphical correla­
tions, nomographs or tables. This strongly encourages 
the student to do hand calculations. 

1. K values. Simple determination of K values is done with 
the dePriester charts. Usually these monographs are pre­
sented without any equations in correlation form [ 4, 8, 9, 10). 
The presentation of both the dePriester charts plus correla­
tions in equation form would be preferable. Faust et al [4], 
present equations in terms of temperature at different 
selected pressures, and do not present the dePriester charts. 

More detailed analysis of K values often includes descrip­
tion of various computer friendly methods [4, 6, 7, 9), but 
some books present the convergence pressure charts which 
are not computer friendly [5, 9). 

2. Physical properties: viscosity, specific heat and enthal­
pies. Both viscosity [1, 5, 8, 9, 10) and specific heat [1, 8, 9, 
10) use a nomograph form which is difficult to use and pro­
vides no physical insight. Correlations in equation form are 
readily available [ e.g. 11) but have not permeated into the 
separations literature. The steam tables remain in tabular 
form. Accurate equations to correlate this data would be very 
useful to encourage computer problem solving. 

Separation Method Calculations 

There are several examples of presentations of 
non-computer friendly material in teaching separa­
tions. This list is not inclusive. 

1. Ponchon-Savarit Diagrams. As was mentioned earlier I 
think that the Ponchon-Savarit analysis of distillation is now 
obsolete. McCabe et al [8], and Perry and Green [91 appar­
ently agree since this material was removed from the latest 
editions. However, it is difficult to obtain agreement on what 
is obsolete. Other authors [1, 2, 4, 5, 6, 10] apparently disag­
ree since they have included this material. The use of the 
Ponchon-Savarit or triangular diagram in extraction calcula­
tions appears to me to be more justified. This method is in­
cluded in most books which discuss extraction. 

2. Graphical solution of Kremser or Colburn equations. 
Back in slide rule days these equations could be difficult to 
solve and graphical plots of the solutions were justified. With 
the ready availability of powerful calculators this justifica­
tion is no longer valid. The continued use of these graphs in 
many books [1, 4, 5, 6, 9, 10] is a good indication of the 
inertia involved in producing chemical engineering 
textbooks. 

3. Gilliland Correlation. The Gilliland correlation is a use­
ful short-cut technique which was originally done in graphi­
cal form, but has also been correlated by equations. Inclusion 
of both a figure to show the fit to data and an equation ap­
pears to be the best way to present this material. This has 
been done in Henley and Seader [ 4), King [6] and Perry and 
Green [9). Only the graphical correlation is presented in 
other books [5, 7, 8). 

4. Graphical integration. Graphical or numerical integra­
tion is required for batch distillation and for the HTU-NTU 
analysis of packed columns. Methods such as the trapezoidal 

SPRING 1987 

rule which is easy to computerize are preferred over count­
the-squares graphical integration. The trapezoidal rule is 
used by Faust et al. [2), Hines and Maddox [5], and McCabe 
et al [8] , although Faust et al show a count-the-squares 
graphical integration in batch distillation. Only count-the­
squares type of graphical integration are shown in other 
books [4, 7). King [61 and Treybal [10) state that graphical 
integration is done, but do not illustrate it; thus, the instruc­
tor can do what he wishes. 

5. Design correlations. A number of graphical design cor­
relations are routinely used in separations. For example, the 
two O'Connell correlations are often used to estimate the 
overall efficiencies of distillation and absorption columns. 
This is invariably shown graphically [4, 5, 6, 7, 9). Unfortu­
nately, I am not aware of an equation form of this correlation 
although generating such an equation is straight-forward. 
As a second example, the Sherwood correlation (often as 
modified by Eckert) is used for both flooding and pressure 
drop of packed columns. Equations for the pressure drop 
curves are available for different packings [9], but an equa­
tion for the flooding curve does not appear to be available. 
Most books which cover this material give the graph only 
without any equations [1, 4, 5, 6, 7, 8). Many other examples 
in this area could be shown. 

Obviously, book authors could be much more care­
ful to try and cover material in computer friendly 
forms. This would greatly aid professors in teaching 
the material in computer friendly forms. Unfortu­
nately, if the goal is to make room for other material, 
only large changes, such as not teaching the Ponchon­
Savarit analysis, have a significant impact. The other 
changes will update the course, but they don't make 
room for other material. 
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