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Dr. Carl C. Koch, ahighly influential researcher in materials science
and engineering, has achieved notable accomplishments in materials science
research, education, and extension. Heis an internationally respected
researcher; an outstanding teacher and departmental leader at North Carolina
State University; anational figure as aformer chair of the Minerals, Metals,
and Materials Society (TMS) Accreditation Committee and as aformer
editor of one of the world’s foremost materials research journals, Materials
Science and Engineering A; and an extension leader in the Materials
Research Society and National Science Foundation.

Designated one of the most-cited researchers in materials science by
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study published in 1983 in Applied Physics Letters that describes a novel
method for processing amorphous materialsin a variety of alloy systems.
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cited internationally more than 700 times. In October 1995 Dr. Koch was
cited in Science Watch for the third highest number of citations per paper in
the world for high-impact articles in materials science for 1990 through
1994,

Dr. Koch, who joined the College of Engineering faculty in 1983, has
been involved in awide range of activities within the research community at
NC State University, including numerous collaborations with researchersin
avariety of engineering disciplines. His research interestsinclude
nonequilibrium processing, intermetallic compounds, and metastable materi-
als. Collaborative work with other College of Engineering and College of
Physical and Mathematical Sciences researchers on the processing, charac-
terization, and superconducting properties of oxide superconductors has
provided essential information for the development of these materials.

Dr. Koch's studies of the structure and mechanical behavior of nano-



crystalline materials are considered seminal in the field and have resulted in
numerous international requests for invited conference presentations.

He has achieved the prestigious rank of fellow in several professional
societies, including the Minerals, Metals, and Materials Society (TMS), the
American Physical Society, ASM International, and the American Associa-
tion for the Advancement of Science (AAAS) and is a member of the
Materials Research Society (MRS) aswell as Alpha Sigma Mu, Sigma Xi,
and Tau Beta Pi technical honor societies. His professional awardsinclude
a Department of Energy Metallurgy and Ceramics Award, an I-R 100
Award, an NSF Research Award for Special Creativity, the AlcoaDistin-
guished Research Award, and the North Carolina State University Alumni
Distinguished Research Award.

Highly active in professional associations, Dr. Koch has been national
secretary of the Materials Research Society and a National Science Founda-
tion expert on nanostructured materials. He has served on numerous com-
mittees for TMS and MRS. He has followed an interest in accreditation by
becoming an evaluator for engineering programs in materials for the Engi-
neering Accreditation Commission (EAC) of the Accreditation Board for
Engineering and Technology (ABET) in 1994 and was appointed a member
of the Engineering Accreditation Commission of ABET in 1999. In this
capacity he led teams of evaluators on university visits to determine accredi-
tation of their engineering programs. He was appointed an editor of Materi-
als Science and Engineering A from 1997 to February 1, 2003, and he has
served as an associate editor for NanoStructured Materials and is presently
an editor of Journal of Metastable and Nanocrystalline Materials.

Dr. Koch received his bachelor’ s degree in metallurgical engineering in
1959, his master’s degree in metallurgy in 1961, and his doctorate in metal -
lurgy in 1964, all from Case Institute of Technology (now Case Western
Reserve University). He was aNational Science Foundation Fellow at
Birmingham University, England, from 1964 through 1965. In 1965 he
joined Oak Ridge National Laboratory, where he began as a staff scientist
and advanced to group leader in the superconducting materials then the
alloying behavior and design group. He also taught a graduate coursein
phase transformations at the Oak Ridge campus of the University of Tennes-
see during thistime. Co-holder of three patents, Dr. Koch has edited or co-
edited six books and authored or co-authored more than 210 scientific
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Abstract

This paper illustrates the need for lifelong learning and teaching, es-
pecialy in technological fields. It uses the evolution of the discipline of
material s science and engineering as a prime exampl e of the development
of atechnology/science discipline in terms of research and in academic
ingtitutions. The history of the development of materials engineering asa
profession, the history of engineering education, and education in materi-
alsscience and engineering are briefly reviewed as part of thisexposition.
The career of the author isalso used to demonstrate the continual learning
necessary to maintain technical competence and to move into new re-
search areas as warranted by changing societal priorities. The need for
lifelong learning and teaching is expressed formally by the accreditation
process we must satisfy, and the continuous improvement of our educa-
tional programsis driven by this and many other factors. Learning new
concepts and techniques is often enjoyable for its own sake and can keep
one mentally young.

1. Introduction

Theneed for continued learning throughout one's career iswell known
in many professional and technical fields, such as medicine and pharma-
cology. With the explosion of the information and computer revolution, it
IS becoming necessary in many other vocations. With the rapid pace of
changes in the science background and technology of engineering fields,
continued learning is clearly of high importance to prevent the obsoles-
cence of one’s knowledge and skills and to alow for continued advances
in technology and therefore the economy. Thisneed for lifelong learning
is formalized in the requirements of the Accreditation Board for Engi-
neering and Technology (ABET) for the accreditation of undergraduate
engineering programs. In thelist of outcomes deemed necessary for stu-
dents graduating from accredited engineering programsis Criterion 3 (i)
“arecognition of the need for, and an ability to engage in, lifelong learn-
ing.” Whileall engineering disciplines have this need, thefield of materi-
als science and engineering presents anotable example of the evol ution of
a field of engineering/science. This is the author’s vocation so he has



personal experience with the changesin thisfield over the 45 years since
he received his BS degree in metallurgical engineering.

The scope of this paper will include a brief discussion of what de-
fines an academic discipline, the precursors of materials science and engi-
neering asafield, the evolution of engineering education, and the evolution
of materials science and engineering in academia, industry, and profes-
sional societies and journals. A very personal example of the need to
learn new subjectsand skillswill be presented for the author’s career from
his graduation in 1959 to the present time. The paper will conclude with
a discussion of the challenge for teaching undergraduates and graduate
studentsin our evolving field of materials science and engineering.

2. What Defines an Academic Discipline?

Since thetopic of this paper isthe need for lifelong learning with the
example of the evolution of the discipline of materials science and engi-
neering, the definition of what comprises a discipline must be discussed.
In a recent book, The Coming of Materials Science, [1] written by the
distinguished materials scientist Robert Cahn, achapter isdevoted to “the
emergence of disciplines.” In this chapter, Cahn quotes the famous theo-
retical solid-state physicist, John Ziman, who defines the elements that
comprise ascientific discipline. He says,

Academic science could not function without some sort of internal
social structure. Thisstructureis provided by subject specialization. Aca-
demic science is divided into disciplines, each of which is a recognized
domain of organized teaching and research. ... Anacademicdisciplineis
much more than a conglomerate of university departments, learned soci-
eties and scientific journals. Itisan “invisible college” whose members
share aparticular research tradition. . . . A recognized discipline provides
an academic scientist with ahome base, atribal identity, asocial stage on
which to perform as aresearcher.

Whilethisdefinition is specific to science disciplinesit also partially
appliesto an “applied science” discipline like materials science and engi-
neering. It isconvenient to consider the following aspects of adiscipline:
(1) auniversity program or department, (2) the professional societiesthat



serve the discipline, and (3) the journals that record the scientific and
engineering progress of the field.

The concept of academic disciplines may be traced back to the medi-
eval universities[2]. Whilein ancient Greece therewere groups of learned
societies that were concerned with a broad range of studies including
mathematics, natural science, and philosophy, the concept of a university
with distinct “disciplines’ did not occur until the Middle Ages. In the
early MiddleAgesin Europe, education was provided mainly to the clergy
and to some members of the ruling classes. Scholarship and education
were focused to a large extent into tranglating, organizing, copying, and
codifying sacred texts and materials from classical Greece and Rome.
Education was conducted mostly in cathedral and monastery schoolsor in
the private homes of the wealthy.

Charlemagne recognized the need for a literate bureaucracy to ad-
minister hisempire so he decreed the formation of cathedral schools. The
schoolsthat had existed in the eastern part of the Roman Empirein Alex-
andria, Antioch, Athens, and Constantinople were storehouses of classi-
cal learning. Thetriumph of Islaminthe Middle East and Northern Africa
led to dissemination of classical and oriental learning to Europefrom Spain,
and teachers in cathedral schools from Spain. Along with theology and
law, mathematics, astronomy, and the natural sciences became part of the
curriculum in some cathedral schools. Pope Gregory VI issued a papal
decree in 1079 mandating the creation of cathedral schoolsthat would be
responsible for educating the clergy.

Thefirst recognized university wasthat of Bologna, founded in 1088.
Thelibera arts curriculum in medieval universities prepared students for
careersin the church, law, business, and education. The curriculum, with
itsdifferent disciplines, followed the Aristotelian model s of ancient Greece
and consisted of seven “disciplines’[3]. These seven disciplines were
divided into two groupings: the trivium, which comprised the three ver-
bal arts of grammar, rhetoric, and logic, and the quadrivium, which con-
sisted of arithmetic, astronomy, geometry, and music. The quadrivium
disciplines were considered the higher level subjects, and it is believed
the term “trivial” is based on the trivium’s being the lower level disci-
plines. For ascientist/enginesr, itisinteresting to note that the quadrivium
disciplines al had a mgjor mathematical component. This includes mu-



sic, which in terms of theory and composition is very mathematical in
nature. These definitions of disciplines till form to some extent the cat-
egorization of disciplinesin modern liberal arts education. The field of
engineering was, aswill be discussed in more detail below, not part of the
education in medieval universities.

3. Materials and the Development of Civilizations

Before describing the evolution of engineering education and spe-
cifically education in the field of materials science and engineering, a
brief discussion of theroll of materialsin the development of civilizations
will be given [4]. Early humans and, we now know, other primates used
materialsthat were availableto themin order to help them survive. Simple
tools such as sticks and rocks could be used to help gather and hunt for
food as well as provide shelter from the elements. In their struggle for
survival, our ancestors cameto realize that certain rocks they found could
be useful for making weapons and tools. Flint and obsidian were particu-
larly useful in these regards. While there is much speculation about the
use of the stonetoolsfound at the earliest human sitesin East Africa, it is
reasonabl eto assumethey were used to butcher animalsfor food and cloth-
ing, to dig up roots and tubers, to crack open hard-shelled nuts, and to
perform other tasks. Materia developments produced more advanced tools
such as axes, with the stone cutting tool fastened to awooden handle with
tree resin or bitumen. Finally, the bow and arrow were invented, which
greatly facilitated hunting and warfare. Besides stone and wood, other
materials such as bone and ivory were used by early man to make tools
such as needles for sewing hides and hooks for fishing.

Archaeologists and historians have classified the epochs of ancient
man into the “ages,” delineated by the most important materialsthat were
dominant. Therefore we havethe Old Stone Age — Paleolithic Period —
of hunters and gatherers, followed by the New Stone Age — Neolithic
Period — in which man began to settle down into fixed communities. The
fashioning of effectivetools presumably became a specialized task under-
taken by those who were most proficient. The subsequent “ages’ of an-
cient timeswere the Copper Age (about 4500 BC), the Bronze Age (about

10



3000 BC), and the lron Age ( about 1200 BC). Thefirst metals used were
those, such as copper and gold, that can be found uncombined with other
elements, free in nature. Such metals are soft and ductile and were first
used as ornaments. 1n the case of copper, it was found that hammering it,
presumably with stonetools, increased its hardness and strength such that
it could be made into useful tools. It had the desirable property of being
tougher and less brittle than stone tools.

Beforetherevolutionary invention of smelting metalsfromtheir ores
was discovered, another revolutionary materials development took place
with the common material, clay. Clay minerals are fine-particle-sized
hydrous aluminosilicates that develop plasticity when mixed with water.
(Clay iswell known to gardeners and farmersin the North Carolina Pied-
mont!) Clay isvery malleable and easy to form into shapes such as pots
and sickles. Of course, clay is very weak and would not hold its shape
under any stress.

Thefirst mgjor material s science/engineering success of mankind was
the discovery that by heating up clay it can be transformed into a hard,
strong — but brittle — ceramic that can be used for storage of grain,
water, wine, and so forth, and for tools such assickles. Clay can easily be
shaped becauseit hasalayered atomic structure (Figure 1) such that it has
thin plates, or lamellae, that are weakly bonded to their neighbors. A
typical atomic structure of clay consists of an eight-sided (octahedral)
arrangement of oxygen atoms enclosing an aluminum atom with a four-
sided (tetrahedral) arrangement of oxygen atomswith asilicon atom at its
center. Both the octahedral and tetrahedral unitsaretilted onto their trian-
gular sides. Larger platelike clay crystals are built up by interweaving
layers of octahedral units with layers of tetrahedral units and water and
hydroxyl molecules. These stacks of crystals can easily dlip past one an-
other, like a deck of playing cards, which makes clay so easy to shape.
When heated to a high enough temperature, the water and hydroxyl mol-
ecules are driven off. The clay then shrinks and a new atomic structure —
aceramic —isformed

This phase transformation from soft, malleable clay to hard, imper-
vious ceramic was a magjor milestone in materials technology and was a
revolution that helped shape agricultura civilizations from hunter-gath-
erer life. Like most early developments, how the discovery of ceramic

11



R N VAVAVAVAVAVAVAVAN

. OH™ OH |oH™ OH™ OH™ OH™ OH~ OH
Al(OH) layer 4 lal™ a™ ™ a™ a™ a® a* a

EH__-:II_H__]II:IH' OH™ OH™ OH™ OH™ OH
Water
layer

o O > &5 {&
& Al & (OH)
()

(&)

e

Fig.1 (@) Sructure of Kaolinite clay showing layered structure.
(b) Same structure as in a) but emphasizing bonding at A13* ious
(c) Same as (b) but hydrated

M. W. Barsoum “ Fundamentals of Ceramics’ (1997) p. 78 McGraw Hill

formation by firing of clay occurred is not known. It can be speculated
that someone accidentally put aclay object into acampfire and later found
ahard ceramic among the ashes.

Another mgjor materials technology development that presumably
occurred by some serendipitous event was the smelting of copper metal
from its ores. The discovery by early craftspeople that shiny, malleable
copper could be obtained from certain brittle rocks (ores) required them
to recognize the connection between the two very different substances,
and then figure out how to extract the copper from its ores. Most impor-
tant, copper ores are oxides, carbonates, or sulphides. To extract the cop-
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per from the compound in which it istrapped requires, typically, areduc-
tion reaction such as Cu,0 + CO ——> 2 Cu + CO,. Burning charcoal
could be the source of CO for such areduction, but cooking fires were not
hot enough to smelt copper. One possible explanation for the first smelt-
ing of copper isthat a potter accidentally, or purposely, put the beautiful
blue-green copper mineral malachite into his pottery kiln, which would
have sufficient temperature and reducing atmosphere (CO) to smelt cop-
per fromthisore. To hissurprise, after the kiln cooled, he found beads of
shiny copper metal and associated them with the copper found free in
stream beds.

Some copper ores used by the ancients contained arsenic, and the
first copper aloys were copper-arsenic, which provided more strength
than pure copper tools. However, arsenic-containing ores were limited,
and there were technical and health problems associated with the volatile
arsenic trioxide that could result from smelting these ores. Ancient man
in Mesopotamia next found that, by adding tin to copper, a stronger alloy
— bronze — could be obtained. The invention of the stronger, but still
tough, bronze alloy allowed craftsmen to devel op toolslike sawsand drills
that were difficult to produce from copper or stone. Iron alloys were po-
tentially stronger than bronze but much more difficult to extract fromtheir
ores. The melting temperature of ironishigher (1536°C) than the highest
temperatures available to ancient craftsmen (about 1200°C) so, while it
could be reduced from its ores with hot charcoal, solid iron mixed with
unburnt charcoal and oxide, and silicate impurities (slag) was the result.
This mixture could be heated and beat with a hammer to break out the
brittle slag and charcoal. The resulting “wrought iron” was nearly pure
iron and not as strong as bronze. Steel, which is an aloy of iron and
carbon, could be made by heating the wrought iron in a carbon atmo-
sphere for along timeto alow diffusion of carbon atomsinto theiron. If
the steel was then heated to a high temperature and quenched into water,
and then subsequently heated at alower temperature, the strong and tough
“tempered martensite” structured steel could be formed, which is greatly
superior to bronze in its mechanical properties

The development of such advanced metallic alloys must have been
the result of trial and error and serendipity over many years. The crafts-
men who developed these methods passed them on to their apprentices.
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Besides the metalg/alloys that have given their names to the Bronze Age
and the Iron Age, other important materials, for example, glass by the
Phoenicians and concrete by the Romans, were developed. Some knowl-
edge of materialswaslost during the Dark and early Middle Ages, such as
the Roman composition for mortar. Otherwise, in Europe the material
developments of the ancients were maintained but not significantly im-
proved upon.

Innovations came from the East — India and China — through the
Islamic Caliphate. Such items as gunpowder, paper, and the Damascus
sword (Figure 2) are examples of materials transferred to Europe from
and through Islamic countries. Materials development during al these
periods wasin the hands of craftsmen who typically learned their trade as
apprentices. The important metallic materials were mined and extracted
from their ores by practices developed over the centuries by trial and er-
ror. An important classic description of mining and metallurgical prac-
ticeswas given by Georg Bauer (1494-1555) — or the L atinized name by
which he is usually known, Giorgius Agricola — in his book De Re
Metallica. (This book was translated from the Latin by Herbert Hoover
and hiswifein 1912. Hoover was asuccessful mining engineer before he
became President of the United Statesin 1929.)

Fig. 2 Damascus sword (above)
and closeup of distinctive
Damascus pattern in a
different sword blade (left).
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Much of what we now recognize as materials science and engineer-
ing had as its precursors the empirical mining and metallurgical practices
that developed into engineering disciplines in the 19" century [1]. The
field of physical metallurgy also originated in the 191" century, with input
from a variety of disciplines such as crystalography, thermodynamics,
microstructural studies, and solid mechanics. The advent of the scientific
method in the late Renai ssance period and the reintroduction of the atomic
theory of matter provided the basis for introducing science into the crafts
of materials production, processing, and application. In the next section,
the evolution of engineering as an academic discipline will be described,
as a preface to discussions of the development of materials science and
engineering as adiscipline.

4. The Evolution of Engineering Education

Engineeringintermsof the building of palaces, temples, harbor works,
canals, fortifications, bridges, and agueducts was carried out in ancient
Egypt, Mesopotamia, Greece, and Rome[5]. However, with afew excep-
tions, little about the engineers who carried out such projects is known.
Several architect-engineersin ancient Egypt are known, such as Imhotep
(c. 2750 BC) and Ineni and Senumut (between 1500 and 1450 BC). These
“engineers’ were of noble birth, and their education was presumably by
private instruction. While the Greeks carried out many notable feats of
what we would call civil engineering, such practical applications of math-
ematics and natural science were frowned upon by the Greek intellectu-
als, and engineering education was not apart of the studies of the academies.
Later, in the Hellenistic period, the most important engineering accom-
plishments of the Greek world were made. Archimedes (287-212 BC) is
the most impressive example of an individual who combined knowledge
of mathematics and science with great skill as an engineer. However, he
too looked at his engineering works as inferior to pure mathematics and
science. The Romans are credited with many impressive engineering ac-
complishments in both military and civil engineering (Figure 3). In the
field of materials, as mentioned above, they invented concrete and im-
proved glass-making and steel-making methods (albeit still at alevel not
capable of large output of this most useful structural material).
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Fig. 3
Roman aqueduct

There are few records of the engineers who carried out these works
or how they learned their profession. Presumably, as with other artisans,
the education was based on anindividual apprentice system. Ancient China
also had successful “ engineers’ who were usually officialsof theemperor’s
bureaucracy. The breakup of the Roman Empire and the political frag-
mentation typical of the Middle Ages in Europe prevented such grand
construction works as the roads and aqueducts of Rome. However, many
significant structures were constructed, culminating in the soaring vaults
and spires of the Gothic cathedral (Figure 4).

The guild system — which developed during the Middle Ages in
Europe with advancement of an artisan from apprentice to journeyman to
master in a given craft — was the educational system for architect-engi-
neersthat built the great cathedrals. A “master mason” was charged with
both the design and the building of a cathedral. The engineer-architect
received more recognition during the Renaissance. The most famous* en-
gineer” of this period was Leonardo da Vinci. Although he was better
known for his art, most of his work was in the field of engineering. As
was the case in those times, his education was as an apprentice — to
Verrochio, who was a metal founder as well as a painter and sculptor.
Leonardo’s engineering skill was mostly self-taught. While engineering
knowledge in the Middle Ages was passed on by the apprentice system, it
was often not widely disseminated. This began to change as printing was
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developed (atechnology from China) and many “engineers’ wereliterate,
unlike many of the master masons of the previous era. Books on engi-
neering began to appear.

The first formal schools of engineering began in France [6]. In the
17th century, engineering studies for military engineering officers were
carried out in the Corps of Engineers, which wasformed within the French
army in 1675. In 1716 anon-military organization, the Cor ps des Ponts et
Chausses (Corps of Bridges and Roads), was added to France's engineer-
ing establishment. Louis XV appointed Jean Rodolphe Perronet chief
engineer of bridges and highways and gave him the authority to establish
aschool within the Corps des Ponts et Chausses. Thisschool, established
in 1747, is considered the first formal school of engineering in the world.
In 1775 it was renamed the Ecole Nationale des Ponts et Chausses.

At the sametime, the English continued to follow the apprentice sys-
tem of the Middle Ages, with the many innovative engineers that led the
Industrial Revolution acquiring their knowledge from the crafts and were
millwrights, clockmakers, or stone masons. The Roya Military Acad-
emy was established in 1741 to instruct officersin artillery and other as-
pects of military engineering.

Fig. 4
Gothic cathedral
(Salisbury Cathedral)
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The American English coloniesfollowed thetraditions of Englandin
terms of formal training in engineering. However, during the American
Revolution, it became apparent that there was a critical need for military
engineers. George Washington, with his background and skill in survey-
ing, construction, and military engineering, pushed for establishment of
an engineering corps. In 1778 whilethe Continental Army was encamped
at Valley Forge, Congress passed a resol ution establishing an engineering
department; however, no engineering school was provided in this resolu-
tion.

After thewar, in 1783 it was decided to maintain acorps of engineers
even in time of peace. The military school at West Point was begun in
1794 at the recommendation of Washington. The building housing this
activity burned down in 1796; however, in 1802 Congress established the
United States Military Academy at West Point (Figure 5). The engineers
trained here were supposed to aid the country in the broad aspects of engi-
neering, not just strictly military applications. Thus, West Point was the
first engineering school in the United States.
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Other technical academies started in the early 19t century, and the
American Literary, Scientific, and Military Academy at Norwich, Vermont,
becamethefirst civilian school of engineeringinthe US. Renssalaer School,
established in 1824, first mentioned theterm “civil engineer” initscatalog
in 1828. Thefirst degree of civil engineering was granted in 1835. Even
though anumber of schoolswere established that taught engineering, most
engineering graduates in the first half of the 19t century came from West
Point. Other engineering disciplines began to be taught along with mili-
tary and civil engineering. The first course in metallurgical engineering
was given at the University of Michigan in 1854, four years after an engi-
neering curriculum was established within the School of Literature, Sci-
ence, and Arts. Engineering education in the US was greatly accelerated
by the Morrill Land Grant Act of 1862, the western expansion after the
Civil War, and the building of the transcontinental railroad. Toward the
end of the 19" century, the traditional engineering disciplines we recog-
nize today, including civil, mechanical, electrical, and chemical engineer-
ing, were finding their places in university curricula. Metallurgical
engineering typically was an offshoot of mining engineering.

5. The Evolution of
Materials Science and Engineering

5.1 Industrial Laboratories

Industrial laboratories such as General Electric and DuPont had ahis-
tory of using multidisciplinary research to solve materials problems [1].
This approach was accelerated after World War 1. Notable examples are
thework at Bell Laboratoriesand at General Electric (GE) Laboratory. At
Bell Laboratories, physicists, chemists, chemical engineers, and metallur-
gists worked together on processing and structure-property relationships
in development of the semiconducting materials silicon and germanium,
which were required for the manufacture of transistors and diodes. The
invention of zone-refining to produce silicon or germanium single crystals
pure enough and free enough of defects (dislocations) was mainly dueto
William Pfann, who had been trained as a chemical engineer but had con-
tactswith metallurgists. While GE had along history of multidisciplinary
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research in the field of materials, this was given a magjor boost by the
formation of new “metallurgy” research under the direction of J.H.
Hollomonin 1946. Hollomon was an innovative administrator who hired
an unusually competent group of researchers, whose namesarewell known
now to materials scientists as the leaders in the field for their seminal
contributions. These included David Turnbull and John Cahn, trained as
physical chemists. Hollomon has been credited with taking the mostly
empirical art of metallurgy into a field of study based on physics and
chemistry. Thisalso meant abroadening of materials studied, avay from
the strictly parochial concentration on metals. In thisperiod, anumber of
corporations such as US Steel, Union Carbide, Westinghouse, and IBM,
along with GE and Bell, established fundamental research laboratories
wherein materials research was a mgjor component, and in many cases
began to reflect the integration of materials classesto solve technological
problems.

The national laboratories also were established after World War 11
with funding from the Atomic Energy Commission. Materials problems
wererecognized ascritical to reactor technol ogy, and large materialsgroups
weredeveloped at Oak Ridge Nationa Laboratory, Argonne National Labo-
ratory, Brookhaven National Laboratory, and within the weapons labora-
toriesat LosAlamosand Livermore. All materials classeswere addressed
in these laboratories, although polymeric materials were not emphasi zed.
Major materials efforts were al so established in government laboratories
such as the Naval Research Laboratory. So the concept of materials sci-
ence and engineering was developed de facto in industrial, national, and
government laboratories.

5.2 Universities

The development of auniversity department of materials science and
engineering began at Northwestern University under the leadership of
Morris Fine. Fine was a metallurgist working at Bell Laboratories, and
thus exposed to interdisciplinary research, when he was asked to start a
graduate program in metallurgy at Northwestern in 1954. Part of hisvi-
sion for agraduate department wasthat it be amaterials department. With
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the help of Jack Frankel, who had developed a broad materials under-
graduate course which helater turned into abook, Fine pushed for agradu-
atecurriculumin materialsscience. Instruction along similar linesoccurred
in the undergraduate program as well. In January 1959 Northwestern
approved the changing of the name of the Graduate Department of Metal-
lurgy to the Graduate Department of Materials Science. The departmen-
tal title was soon changed to add “and Engineering” to better reflect the
character of the program. In due course, the undergraduate metallurgy
curriculum was changed to material s science and engineering. Other uni-
versities eventually followed Northwestern’s lead and the national trends
in materials research. The number of departments with “materials’ in
their title rose from 11 in 1964, to 29 in 1970, to 51 in 1985. Of the
approximately 100 programs in the US in 2003, approximately 75 per-
cent called themselves “materials science and engineering” or “materials
engineering.” 1t may be useful to trace the evolution of materials science
and engineering as a department in two institutions. This will be done
here for Massachusetts I nstitute of Technology (MIT) and NC State Uni-
versity.

MIT was incorporated in 1861, but its opening was delayed until
1865 because of the Civil War. A course in geology and mining was
offered upon the opening of MIT in 1865. The course was renamed “ge-
ology and mining engineering” in 1871. In 1873 a separate course in
metallurgy was offered. In 1884, metallurgy was combined with the ge-
ology and mining engineering course to form the Department of Mining
and Metallurgy. The name changed again in 1889 to the Department of
Mining Engineering and Metallurgy, and in 1892 geology was made a
separate department. Geology joined the department again in 1920, and
the name changed to the Department of Mining, Metallurgy, and Geol-
ogy. Geology was again separated in 1926, and the department’s name
became Mining and Metallurgy. In 1936 mining and metallurgy were
split into two departments. Mining engineering was phased out and dis-
continued as of 1940. This evolution was common to many universities,
and mining engineering isnow relegated to asmall number of universities
intheUS. Mineral engineering was assigned to the Department of Metal-
lurgy and mineral resources to the Department of Geology. In 1967 fol-
lowing the national trend, the department name changed to the Department
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of Metalurgy and Materials Science. In 1974 the name was changed to
the Department of Materials Science and Engineering, as it remains to-
day.

At North Carolina State University (NC State), departmentsthat were
precursorsto materials science and engineering formed inthe 1920s. These
were Ceramic Engineering (1924), Mining Engineering (1925), and Ge-
ology (1927). In 1935 the Department of Geological Engineering was
formed from the geology and mining departments. Coursesin metallurgy
in the years before 1954 were taught in the Department of Mechanical
Engineering by W.W. Austin. In 1954 the departments of Ceramic Engi-
neering, Geological Engineering, and the Metallurgy Program in M echani-
cal Engineering were merged to form the Department of Mineral Industries
with W.W. Austin as head. Separate degree programs were retained in
ceramics, geology, and metallurgy. Geological Engineering left the De-
partment of Mineral Industriesin 1967 to become the Department of Geo-
sciencesinwhat isnow the College of Physical and Mathematical Sciences.
In 1969 the department name was changed to Materials Engineering, and
the distinctions between ceramics and metallurgy degrees was removed.
W.W. Austin continued as department head until his retirement in 1978.
H.B. Smith (1979-80) and J.K. Magor (1980-81) served as interim heads
until Hans Conrad was appointed head in 1981. Under Conrad, the Engi-
neering Research Services Division personnel and facilities were merged
into the Department of MaterialsEngineering. New faculty wererecruited
in the areas of polymers and microelectronic materials, such that the de-
partment now covered all materials classes of metals, ceramics, polymers,
electronic materials, and composites. Hans Conrad returned to teaching
and research in 1985, and John Hren became the department head. Hren
created the Analytical Instrumentation Facility, which was managed
through the department. In 1986, in keeping with national trends, the
department name was changed to the Department of Materials Science
and Engineering.
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5.3 Professional Societies and Journals

The evolution of materials science and engineering from its precur-
sorsin metalurgical engineering, ceramic engineering, and polymer en-
gineering isalso reflected in the changesthat have occurred in professional
societies and professional journals. An example of such evolution can be
givenfor TMS, the Minerals, Metals, and Materials Society. Thisprofes-
sional society grew out of AIME, which originally (1871) stood for the
American Institute of Mining Engineers. The word “Metallurgical” was
added in 1919 and “Petroleum” in 1956 so that AIM E became the Ameri-
can Institute of Mining, Metallurgical, and Petroleum Engineers, Inc. In
1957 the three constituent societies of AIME were formed as the Society
of Mining Engineers (SME), The Metallurgical Society (TMS), and the
Society of Petroleum Engineers (SPE). 1n 1985 TM S changed itsnameto
The Minerals, Metals, and Materials Society, keeping the TM S acronym.
This change represented a broadening of the scope of the society and the
programming at the meetings it sponsored. TMS was traditionally the
society for metallurgistsin research and academia, while another society,
the American Society for Metals (ASM) represented more the practitio-
ners of the metallurgical industry. There was, however, some overlap in
technical committee subject matter and some competition, but also col-
laboration, on organization of technical symposia. ASM got its start as
the American Steel Treaters Society in 1919. In 1933 the society changed
its name to the American Society for Metals. In 1983 ASM officialy
expanded its scope to include not only metals but all engineered materi-
als. In 1986 the name was changed to “ASM International.” The current
society identification of ASM International, “The Materials Information
Society,” was approved in 1990.

The Materials Research Society, MRS, was founded in 1973 as “an
organization of materials researchers from academia, industry, and gov-
ernment that promotes communication for the advancement of interdisci-
plinary materials research to improve the quality of life” Initsfirst logo
in 1973, it specifically incorporated the disciplines of physics, chemistry
and engineering and the materials classes of metals, ceramics, and poly-
mers. It has served asamodel to some extent for the broadening of scope
of theformer societies devoted to metal's, as outlined above. Other societ-
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ies that deal with materials research on specific materials classes have
tended not to broaden their scope. These include the American Ceramic
Society, the National Institute of Ceramic Engineers, and the Society of
Plastics Engineers. The American Physical Society also has divisions
devoted to materials, such as the Division of Polymer Physics, and the
Division of Materials Physics. The American Chemical Society has a
Division of Polymer Chemistry and a Division of Polymeric Materials:
Science and Engineering.

Some technical journals devoted to dissemination of materials re-
search have evolved from journals devoted to metallurgy to the broader
scope of all materials classes. An example of thisis Acta Metallurgica,
which was aleading journal for experimental and theoretical research on
metallic materials. It wasstarted in 1953; the name and scope was changed
in 1990 to Acta Metallurgica et Materialia, then in 1996 to ssmply Acta
Materialia. Itssister letter journal Scripta Materialia went through iden-
tical changes. The journal associated with TM S started out as Transac-
tions of AIME (1958-1969), then changed to Metallurgical Transactions
(1970-1974), to Metallurgical Transactions A: Physical Metallurgy and
Materials Science (1975-1993), and finally to Metallurgical and Materi-
als Transactions A:  Physical Metallurgy and Materials Science (1994—
present). Thejournal Materials Science and Engineering was established
in 1966 and included all materials classesin its content. Thejournal split
into two partsin 1988, part A —structural materials, and part B, electronic
materials. The journal sponsored by MRS, the Journal of Materials Re-
search, also covered all materialsclassesfromitsinceptionin 1986. Much
materials-related research is published in awide variety of other physics,
chemistry, and mechanics journals. Other journals are still devoted to
specific classes of materials, such asthe Journal of the American Ceramic
Society (ceramics) and Macromolecules (polymers).
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6. Personal History of the Author as
an Example of the Need for Lifelong Learning

This section is an account of my career from the time | received my
BS degree in metallurgical engineering in 1959 to the present. It will
reflect the changes in the field of metallurgy to that of materials science,
and my own shift from research and management at Oak Ridge National
Laboratory to teaching and research asaprofessor at North Carolina State
University.

| received my BSin metallurgical engineering from Case Institute of
Technology (now part of Case Western Reserve University) in June 1959.
My undergraduate training included the usual engineering core subjects
as well as specialization in metallurgical engineering, which included
courses in extractive metallurgy (steel and non-ferrous metals) as well as
physical and mechanical metallurgy. | choseto remain at Case (Figure 6)
for my graduate degrees for severa reasons. In those days, “steel was
king.” Most of the research carried out at Case was on structural materi-
als, and steel wasthe main material of interest. My thesisadvisor wasDr.
Alexander Troiano, who was a so the department head. Hismain research
thrust when | worked for him was on the phenomenon of hydrogen

Fig. 6
Modern-day Case

Western Reserve
University
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embrittlement of high-strength steel. The mechanism proposed to explain
this phenomenon and therel ated del ayed failure effect was based on stress-
induced diffusion of hydrogento regions of high stress concentration where
cracking wasinitiated. He attempted to use the model he and his students
developed for this with other similar phenomena that might be grouped
together under the name “strain aging.”

It wasin thisgeneral areathat | carried out my graduate research —
my master’s thesis dealing with the influence of retained austenite on hy-
drogen embrittlement in a 9 percent nickel steel, and my doctora thesis
on strain aging embrittlement and delayed failure in alpha brass. Thus,
my graduate work was in metallurgy and on the mechanical behavior of
metals. While | wasin graduate school at Case, changesin the curriculum
and research program were already underway. The first faculty member
in the area of ceramics was hired in the department, and | took a graduate
course in ceramics. A new building for a newly established Center for
Materials was erected adjacent to the new metallurgy building that we
moved into in 1961. Dr. Donald Gibbons was hired asthe director of this
center. Dr. Gibbons had been at Bell Laboratories and, whiletrained asa
metallurgist, was essentially doing solid-state physics. | took acourse on
the band structure of metals from him. For the first time at Case, a num-
ber of researchersin the field of polymers were hired for the Center for
Materials. These were Eric Baer, Phillip Geil, and Jack Koenig. Eric
Baer became a member of my doctoral thesis committee. Dr. Baer went
on to establish the Department of Macromolecular Science, whichisnow
one of the leading centers for polymer research in the US.

| wasfortunate to have obtained aNational Science Foundation Post-
doctoral Fellowship. After spending five years working on the mechani-
cal properties of metallic alloys, | wanted to move into another research
area. | was interested in the solid-state physics courses | had taken in
graduate school and thought that making more use of this background
would bedesirable. | wroteto several universitiesin England and decided
to use my NSF Postdoctoral Fellowship at the University of Birmingham.

| went to Birmingham in September 1964 to work for Dr. G.V. Raynor
on thetopic of thealloying behavior of intra-rare-earth alloys. Dr. Raynor
was the department head and a former student of Dr. Hume-Rothery, the
“father of alloying behavior.” Theinterest here wasto determinethe elec-

26



tronic changesthat occur in Ce depending onitsenvironment. That is, Ce
IS a rare-earth metal with one 4f electron that may be promoted to the
conduction band, changing the valence from 3 to 4, approximately. The
experimental approach wasto alloy Cewith other rare-earth elements such
as Gd and precisely measure the | attice parameters as a function of alloy
concentration. This allowed for the estimation of the atomic volume of
Ce, which reflected its electronic structure. Magnetic susceptibility mea-
surements were also made to help confirm the alloying behavior. There-
fore, my post-doctoral experience required me to learn new experimental
technigues, new concepts, and also learn something about the British uni-
versity system. During my postdoctoral year, | was fortunate to visit Ox-
ford University and meet with Dr. Hume-Rothery in 1965, three years
before his death.

After returning to the US following my postdoctoral experience in
Birmingham, | accepted a position as a staff scientist at Oak Ridge Na-
tional Laboratory in a group studying superconducting materials. This
was the beginning of another major learning experience. My only knowl-
edge of superconductivity was from afew lectures in solid-state physics
courses in graduate school. | had to learn many new concepts about the
field of superconducting materials aswell asthe low-temperature physics
experimental methods to measure the various superconducting proper-
ties. Our charter was to study the structure-property relationshipsin su-
perconducting materials that determined the magnitude of the critical
current density, J..

This parameter, J., is important to maximize to allow for construc-
tion of high-field superconducting magnets. In high-field, type Il super-
conductors, a magnetic field enters the superconductor in the form of
quantized “fluxoids,” in which the magnetic field is a maximum at the
center of the fluxoid, and a vortex of circulating supercurrent surrounds
each fluxoid (Figure 7). The mutual repulsion of the fluxoids results in
the formation of a regular lattice of them, with the lattice parameter a
function of the magnetic field strength. If current is passed through a
superconducting wire in the presence of a magnetic field, the fluxoid lat-
tice will move under the Lorentz force created, and the movement of the
normal cores of the fluxoids results in resistance, heat, and eventual de-
struction of superconductivity. For alarge current density to be sustained,
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the fluxoid lattice must be “pinned” so that a gradient in magnetic field
can be obtained. The strength of the fluxoid pinning determines the mag-
nitude of the critical current density —that is, the current density at which
superconductivity isdestroyed. Pinning the fluxoid lattice can be accom-
plished by the interaction of inhomogeneities in the superconductor, such
as precipitate particles, dislocation arrays, and grain boundaries. The mi-
croscopic pinning forces between such pinning centers and the fluxoid
lattice can be calculated. The bulk pinning force on the superconductor
can be calculated by measuring the critical current density at agivenfield.
Therelationship between the bulk pinning force and the individual micro-
scopic pinning forcesis not asimple summation. The complex statistical
problem has never been adequately solved.

Fig. 7 Fluxoid lattice decorated by ferromagnetic particles.

M. Essmann p. 36 in “ International Discussion Meeting on Flux Pinning
in Superconductors’ Sonnenberg, Germany 1974
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It was on this fluxoid pinning problem that my group at Oak Ridge
focused for over 10 years. A comprehensive set of experimental tools
were developed for measuring superconducting properties using direct
resistive measurements, ac measurements of the fluxoid density gradient,
and dc magnetization measurements. The very difficult precise measure-
ment of ac lossesin superconductorswas a so carried out. Another aspect
of our work on superconducting materials was a study of the influence of
mechanical stress on superconducting properties in the multifilamentary
Nb;Sn materials to be used for high-field magnets in the fusion energy
program. We were given a Department of Energy Metals and Ceramics
award for our work in this area. Another sideline of my work on super-
conducting materials was a study of technetium (Tc) metal and itsalloys.
Tcisan element that does not occur naturally but isafission product. At
atomic number 43, it is a transition metal with an hcp structure. Our
interest in Tc was that it has the second highest superconducting transi-
tion temperature, exceeded only by niobium (Nb), for an element. Itis
radioactive, being a beta emitter aswell as emitting weak gammarays. It
Isnot a serious radiation hazard, but all experimental work had to be car-
ried out in glove-box facilities, which complicated our experimental stud-
ies. | became an “expert” on Tc and wrote the section on it for the ASVI
Metals Handbook.

In 1976 | was asked to be the technical assistant to the ORNL associ-
ate director for the physical sciences, Alex Zucker. | took this position
since | thought I might wish to rise in the management ranks from my
position as group leader, and thishad been a“fast track” to such positions.
Thiswas another major learning experience, in that | needed to learn about
the broad scope of materials science and engineering, physics, chemistry,
chemical technology, and other areas that came under Zucker’s authority.
| interacted with higher management as a member of the director’s divi-
sion. | spent two yearsin this position and learned that working strictly in
management was not what | enjoyed doing.

| returned to the Division of Metals and Ceramics and the leadership
of my former group. At that time, the field of superconductivity research
was declining ininterest, and our group collectively decided to move into
another research area. After some study, we concluded that the area of
metastable/amorphous material s produced by nonequilibrium processing
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methods such as rapid solidification was an appropriate field for us. We
obtained the approval of our management and the Department of Energy
sponsors. This, then, was another new learning experience for me.

| attended a NATO summer school on liquid and amorphous materi-
alsin 1979 and a Department of Energy workshop on amorphous materi-
alsin 1980 aspart of my learning experience. In 1981, | was asked to take
responsibility for alarger group during areorganization of thedivision. |
became the leader of agroup | named the “alloying behavior and design”
group, which comprised programs in metastable materials, still under my
technical leadership, aswell as programsin alloy design, under C.T. Liu,
and fundamental mechanical behavior at elevated temperatures, under M.H.
Yoo. This gave me more manageria responsibility, which meant | was
asked to take some short courses in the Union Carbide Management Sys-
tem, as well as courses in management at the University of Tennessee.
However, | was still able to devote the majority of my time to research.

At the end of 1982, | met Hans Conrad at a TMS meeting. In our
conversation during breakfast, he asked if | had ever considered moving
into academia. He had recently become department head at NC State and
was adding faculty to the department. | replied that | had always had an
interest in eventually teaching although, asthe years had gone by at ORNL,
| thought this was not likely. | sent him my resume and, in December,
cameto NC State to present aseminar, whichwasalso ajob interview. At
the end of the day, | was offered the position of professor with tenure. On
returning to Oak Ridge, | wasfaced with the most difficult decision of my
career. After much thought and discussion with others, | decided to re-
main at ORNL. | conveyed my decision to Conrad but told him what a
difficult decision this had been. He gave me another week to think about
it. Attheend of thisweek, | again said no. However, with the support of
my wife, and with the* gut feeling” that thiswas something | really wanted
to do, | called Conrad back three days later and said | had changed my
mind. Thiswas adecision | have never regretted. In July 1983, | joined
the faculty at North Carolina State University.

Following the advice of several colleagues, | began to write research
proposals immediately on my arrival at NC State. Proposalsin the areas
of intermetallic compounds, amorphous materials, metastable crystalline
materials, and the mechanism of mechanical attrition were written to the
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Department of Energy, the National Science Foundation (NSF), the Na-
tional Aeronautics and Space Administration (NASA), and the office of
Naval Research (ONR). To my pleasant surprise, all four proposals were
funded. This got me off to agood start doing research. My success rate
since that time has never been as good, but | have managed to have con-
tinuous research support from NSF up to the present time.

My initial teaching experience was, however, an unpleasant surprise.
| had been told that | give excellent technical talks, and | had taught a
graduate course at the Oak Ridge campus of the University of Tennessee
for which the students gave me high praise. | assumed that | would be
ableto teach effectively with little problem. | wasrudely awakened when
| taught my first undergraduate courses and found how difficult itisto be
an effectiveteacher at the undergraduate level. Learning to teach well has
been a continuous process to the present time. | took a short course and
several workshops on teaching effectiveness by Dr. Rich Felder. | adso
attended workshops on critical thinking and on inquiry-based teaching.
Perfecting teaching skillsisindeed alifelong process.

My research on the amorphization of materials by ball-milling of
powders— mechanical attrition— led meinto the study of nanostructured
materials. The alloys that became amorphous after the severe deforma-
tion of ball-milling presumably did so because the defects introduced by
plastic deformation raise the free energy of the crystalline solid to that of
theamorphousalloy. Theonly defectswith enough energy to accomplish
thisare grain boundaries, or disordering energy in ordered compounds. It
was observed that all the materials became nanostructured, that is, devel-
oped grain-sized structures less than 100 nm, as ball-milling progressed.
Some materials then transformed to the amorphous structure; others did
not. However, virtually all materials became nanocrystalline after a suffi-
cient ball-milling time (Figure 8). It was concluded that thiswas an effec-
tive method to produce nanocrystalline materials.

Since about 1988 my research has been focused on nanostructured
materials, their preparation, and mainly on their mechanical behavior. |
was sel ected to be part of an eight-person panel by the International Tech-
nology Research Institute, World Technology (WTEC) Division, which
was sponsored mainly by NSF. During 1996-98 this panel made visitsto
Japan and Europe and held a workshop in the US. The purpose of this
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Fig.8 Darkfield transmission electron micrograph of nanostructured zinc.

panel was to assess research and development status and trends in
nanoparticles, nanostructured materials, and nanodevices worldwide in
comparison with thoseinthe US. Theresults of the panel’sfindingswere
presented at a meeting in Washington, DC, and published in a book by
Kluwer Academic Publishers. This study was a precursor to the
nanosci ence and technol ogy initiatives sponsored by NSF and other fund-
ing agencies.

7. The Teaching Challenge
in an Ever-Changing Profession

Asthe above sections point out, materials science and engineering is
aprofession that has evolved over the years and remains adynamic field.
It will be asignificant challenge for academiato keep pace with changes
in industry and society, which will demand new materials. How we may
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need to change our courses, our curricula, and even our discipline are
questions that must be addressed so that the appropriately trained profes-
sionals will be available to meet the coming challenges. As an engineer-
ing field, material s science and engineering has some unique characteristics.
It is both “science” and “engineering.” That is, many of our students
leave with BS degrees and practice materials engineering in various ca-
pacitiesin industry. However, an amost equal number desire a career in
research, and asisthe case with other sciences such as physics, chemistry,
and biology, an undergraduate degree is not sufficient. So our under-
graduate curriculum must reflect these different needs and must be struc-
tured accordingly. At the undergraduate level, we have the input of the
Accreditation Board of Engineering and Technology (ABET) to focus our
efforts for continuous improvement.

In 2002, the BS-level materials programs at 59 ingtitutionsinthe US
were accredited by ABET. Thecriteriaand proceduresfor ABET accredi-
tation were changed during the period 19992001 to be less prescriptive
and to allow more flexibility in curricula. The ABET accreditation pro-
cess has affected undergraduate materials education and continues to do
so. Within ABET, responsibility for evaluation of engineering programs
rests with the Engineering Accreditation Commission (I was a member
from 1998 to 2003), which includes representatives from 21 professional
engineering societies. TMS, the Minerals, Metals, and Materials Society,
isthe lead society for materials and metallurgical engineering programs,
and the National Institute of Ceramics Engineers (NICE) is the lead soci-
ety for ceramic engineering programs. The Materials Research Society
(MRS) isdso affiliated with ABET and cooperates with TMS and NICE
in materials accreditation activities. Inthe late 1990s ABET rewrote cri-
teria for accreditation of undergraduate engineering programs, with ac-
tive participation of representatives from engineering deans, industrial
leaders, and engineering professional societies. The resulting Engineer-
ing Criteria 2000 (EC2000) was an outcomes-based accreditation scheme
that isnow the basisfor all ABET accreditation of engineering programs.

Under EC2000, each engineering program must devel op Educational
Outcomes — the statements that describe the expected accomplishments
of graduates during the first few years after graduation. These Educa-
tional Outcomes are developed in consultation with the program’s con-
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stituents, who may include advisory committees of prominent academic
and industrial materials scientists and engineers, the employers of its stu-
dents, and the students and faculty themselves. The program’s faculty
must collect evidence of whether these Educational Outcomes are being
met and must use thisinformation to modify the program. It isthispart of
the ABET EC2000 that gives direct input into the evolutionary changes
that thefield may require astechnol ogy advancesand societa needs change.
Therole of the advisory committee, with its direct knowledge of current
industrial needs in the materials field, is critical to providing the knowl-
edge on which to base any changes in the curriculum.

While graduate programs do not have aformal mechanism for evalu-
ating the effectiveness of the program, since graduate study is research
driven, theresearch climateinthe US, in terms of what areasreceive fund-
ing from the major federal agencies or from corporations, has a signifi-
cantinfluenceonitsdirection. When | wasin graduate school in metallurgy,
the emphasis was on structural materials, especially related to defensein
those days of the Cold War. More recently, research emphasis has shifted
to electronic materialsas part of theinformation revolution. At the present
time, there is growing interest in bioengineering and biomaterials. It re-
mainsto be seen how thiswill influence our program and discipline. Many
departments are starting research programsin biomaterials, which in turn
will influence both graduate and undergraduate education in materials.

Materias science and technology is an “enabling” technology. Bet-
ter materials can make some technologies feasible or make others more
efficient. The new nanomaterials may provide revolutionary advanced
materials for such possible applications as terabit memory and
microprocessing, biomedical sensors, and magnetic refrigerants. Better
materials for high temperature service could increase the efficiency of jet
engines. Advanced materials are recognized as a scientific and techno-
logical priority both nationally and internationally. Keeping academic
programsin material s at the cutting edge of research will remain an ongo-
ing challenge.



8. Conclusion

This paper hasillustrated the need for lifelong learning and teaching
by using examples of the evolution of the material's science and engineer-
ing discipline, and through an account of the author’s career in thisfield.
It is clear that learning new concepts and skills is necessary as societal
needs, science, and technology change. However, it is also an enjoyable
experience to continually delve into new areas, and this keeps one men-
tally young. Learning all the aspects of a broad technical disciplineisa
never-ending process.

To quote from Robert Louis Stevenson’s A Child’s Garden of Verse,

“Theworldisso full of anumber of things, I’ m sure we should all be
as happy as kings.”
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The R. J. Reynolds Tobacco Company Award
Distinguished Lecture Series

The Role of Solid-State Research in Electrical Engineering by John Reid
Hauser, Professor of Electrical Engineering, North Carolina State
University, April 27, 1982.

Does Engineering Education Have Anything To Do With Either One? by
Richard Mark Felder, Professor of Chemical Engineering, North Carolina
State University, October 12, 1982.

Materials and Devices for Optical Fiber Communications by Michael
Anthony Littlejohn, Professor of Communicationsand Signal Processing,
North Carolina State University, November 10, 1983.

Two Theories of Communication by John Benjamin O'Neal, Jr.,
Distinguished Professor of Communications and Signal Processing,
North Carolina State University, October 31, 1984.

On Zero and Risk by Harold B. Hopfenberg, Camille Dreyfus Professor
and Head of the Department of Chemical Engineering, North Carolina
State University, October 29, 1985.

An Overview and a Point of View on Heat Transfer by M. Necati Ozisik,
Professor of Mechanical and Aerospace Engineering, North Carolina
State University, October 29, 1986.

On Quality, Automation, Cultural Relativism, and Things Like That by
Salah E. Elmaghraby, University Professor, Operations Research and
Industrial Engineering, North Carolina State University, November 12,
1987.

Humansto Marsby Fred Roark DeJarnette, Professor of Mechanical and
Aerospace Engineering and Director of Mars Mission Research Center
and Hypersonic Aerodynamics Program, North Carolina State
University, November 9, 1988.
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The Time Has Come by Carl Frank Zorowski, Professor of Mechanical
and Aerospace Engineering and Director of Integrated Manufacturing
Systems Engineering Institute, North Carolina State University,
November 15, 1989 (printed lecture unavailable).

Science is . . . Sensual by Ruben G. Carbonell, Hoechst Celanese
Professor of Chemical Engineering, North Carolina State University,
November 7, 1990 (printed lecture unavailable).

Education, Research, and Entropy by Ronald O. Scattergood, Professor
of Materials Science and Engineering, North Carolina State University,
November 13, 1991 (printed lecture unavailable).

Research Is Teaching by Salah M. Bedair, Professor of Electrical and
Computer Engineering, North Carolina State University, November 4,
1992.

The Role of Monte Carlo Methods in Engineering Education by H. A.
Hassan, Professor of Mechanical and Aerospace Engineering, North
Carolina State University, November 3, 1993.

Radioi sotope and Radiation Measurement Applications by Robin Pierce
Gardner, Graduate Alumni Distinguished Professor of Nuclear and
Chemical Engineering and Director of the Center for Engineering
Applications of Radioisotopes, North Carolina State University,
October 28, 1998.

Slicon Carbide, Diamond, and Gallium Nitride: Sources for New
Electronic Materials, New Gemstones, and New Cor por ations by Robert
F. Davis, Kobe Steel Ltd. Distinguished University Professor of
Materials Science and Engineering, North Carolina State University,
October 27, 1999.

Trends in Power Discrete Devices by B. Jayant Baliga, Distinguished
University Professor of Electrical and Computer Engineering, Director of
the Power Semiconductor Research Center, North Carolina State
University, November 1, 2000.



17. On Habitual Domains, Fuzzy Sets, Variational Inequalities, and
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Optimization by Shu-Cherng Fang, Walter Clark Professor of Industrial
Engineering, Director of Graduate Programs in Industrial Engineering,
North Carolina State University, November 14, 2001.

Going to Extremes: Observations from the Biology/Engineering
Interface by Robert M. Kelly, Alcoa Professor of Chemical Engineering
and Director of the North Carolina State University Biotechnology
Program, January 30, 2003.

Lifelong Learning and Teaching in a Changing Profession by Carl C.

Koch, Professor of Materials Science and Engineering, North Carolina
State University, November 19, 2003.
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TheAward

The R.J. Reynolds Tobacco Company Award for Excellence in
Teaching, Research, and Extension was established at the College of
Engineering to honor a member of the engineering faculty who has
demonstrated superiority in several areas of activity that relate to the
University’ sthree-fold mission of teaching, research, and extension.

The annual award is supported by R.J. Reynolds Co. through the
NC State Engineering Foundation, Inc. to bring recognitionto scientific
and educational achievementsin the field of engineering.

All engineering faculty membersareeligiblefor theaward. Nomi-
nations may come from any individua or group. A committee of
engineering faculty, representing either academic, research, or exten-
sion areas, and representatives from other University schools reviews
the nominations and recommends a candidate to the Dean of
Engineering.

Thefollowing criteria are used in the selection of the candidate:

» Contributions to the education of students through excellent
teaching, course and program improvements, advising, student
project and thesis direction, and participation in other activities
that enhance the devel opment of students.

e Scholarly activities, including research, design, writing, and
speaking that are recognized locally, nationally, and
internationally.

 Extensionand public serviceactivities, including assistanceand
advicetoindustry, business, government, and other educational
institutions, and contributions to professional societies.

Theaward recipient isasked to prepare alecture on atopic related
to the individual’s engineering activities, to be delivered during a
special ceremony honoring the recipient with a monetary gift and
certificate.

Each lectureispublished under aseriesbearing thetitle, “TheR.J.
Reynolds Tobacco Company Award Distinguished Lecture Series.”
The publications are available upon request to the Office of the Dean.
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