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Part ]| INTRODUCTION TO MATERIALS
SCIENCE AND ENGINEERING

Unit 1 Materials Science and Engineering

Historical Perspective

Materials are properly more deep-seated in our culture than most of us realize. Trans-
portation, housing, clothing, communication, recreation and food production—virtually
every segment of our everyday lives is influenced to one degree or another by materials. His-
torically, the development and advancement of societies have been intimately tied to the
members’ abilities to produce and manipulate materials to fill their needs. In fact, early civi-
lizations have been designated by the level of their materials development (Stone Age,
Bronze Age, Iron Age) .

The earliest humans have access to only a very limited number of materials, those that
occur naturally stone, wood, clay, skins, and so on. With time they discovered techniques
for producing materials that had properties superior to those of the natural ones: these new
materials included pottery and various metals. Furthermore, ‘it was discovered that the prop-
erties of a material could be altered by heat treatments and by the addition of other sub-
stances. At this point, materials utilization was totally a selection process that involved deci-
ding from a given, rather limited set of materials, the one best suited for an application by
virtue of its characteristic. It was not until relatively recent times that scientists came to un-
derstand the relationships between the structural elements of materials and their proper-
ties. This knowledge acquired over approximately the past 100 years has empowered them to
fashion, to a large degree, the characteristics of materials. Thus, tens of thousands of differ-
ent materials have evolved with rather specialized characteristics that meet the needs of our
modern and complex society, including metals, plastics, glasses, and fibers.

The development of many technologies that make our existence so comfortable has been inti-
mately associated with the accessibility of suitable materials. An advancement in the understanding
of a material type is often the forerunner to the stepwise progression of a technology. For example,
automobhiles would not have been possible without the availability of inexpensive steel or some other
comparable substitutes. In the contemporary era, sophisticated electronic devices rely on components

that are made from what are called semiconducting materials.

Materials Science and Engineering

Sometimes it is useful to subdivide the discipline of materials science and engineering

1



into materials science and materials engineering subdisciplines. Strictly speaking, “materials
science” involves investigating the relationships that exist between the structures and proper-
ties of materials. In contrast, “materials engineering” involves, on the basis of these struc-
ture-property correlations, designing or engineering the structure of a material to produce a
predetermined set of properties. From a functional perspective, the role of a materials scien-
tist is to develop or synthesize new materials, whereas a materials engineer is called upon to
create new products or systems using existing materials and/or to develop techniques for
processing materials. Most graduates in materials programs are trained to be both materials
scientists and materials engineers.

“Structure” is, at this point, a nebulous term that deserves some explanation. In brief,
the structure of a material usually relates to the arrangement of its internal compo-
nents. Subatomic structure involves electrons within the individual atoms and interactions
with their nuclei. On an atomic level, structure encompasses the organization of atoms or
molecules relative to one another. The next larger structural realm, which contains large
groups of atoms that are normally agglomerated together, is termed “microscopic” meaning
that which is subject to direct observation using some type of microscope. Finally, structural
elements that can be viewed with the naked eye are termed “macroscopic” .

The notion of “property” deserves elaboration. While in service use, all materials are ex-
posed to external stimuli that evoke some type of response. For example, a specimen subject
to forces experiences deformation; or a polished metal surface reflects light. A property is a
material trait in terms of the kind and magnitude of response to a specific imposed
stimulus. Generally, definitions of properties are made independent of material shape and
size.

Virtually all important properties of solid materials may be grouped into six different
categories: mechanical, electrical, thermal, magnetic, optical, and deteriorative. For each
there is a characteristic type of stimulus capable of provoking different responses. Mechanical
properties relate deformation to an applied load or force: examples include elastic modulus
(stiffness), strength, and toughness. For electrical properties, such as electrical conductivity
and dielectric constant, the stimulus is an electric filed. The thermal behavior of solids can be
represented in terms of heat capacity and thermal conductivity. Magnetic properties demon-
strate the response of a material to the application of a magnetic field. For optical properties,
the stimulus is electromagnetic or light radiation; index of refraction and reflectivity are rep-
resentative optical properties. Finally, deteriorative characteristics relate to the chemical re-
activity of materials.

In addition to structure and properties, two other important components are involved in
the science and engineering of materials—namely “processing” and “performance” . With re-
gard to the relationships of these four components, the structure of a material depends on
how it is processed. Furthermore, a material’s performance is a function of its properties.
Thus, the interrelationship among processing, structure, properties. and performance is as

depicted as follows:



Processing—>Structure—>Properties—Performance

Why Study Materials Science and Engineering?

Why do we study materials? Many an applied scientist or engineer, whether mechanical,
civil, chemical, or electrical, is at one time or another exposed to a design problem involving
materials, such as a transmission gear, the superstructure for a building, an oil refinery
component, or an integrated circuit chip. Of course, materials scientists and engineers are
specialists who are totally involved in the investigation and design of materials.

Many times, a materials problem is one of selecting the right material from thousands
available. The final decision is normally based on several criteria. First, the in-service condi-
tions must be characterized, for these dictate the properties required of material. On only
rare occasions does a material possess the maximum or ideal combination of properties.
Thus, it may be necessary to trade one characteristic for another. The classic example in-
volves strength and ductility; normally, a material having a high strength has only a limited
ductility. In such cases a reasonable compromise between two or more properties may be nec-
essary.

A second selection consideration is any deterioration of material properties that may oc-
cur during service operation. For example, significant reductions in mechanical strength may
result from exposure to elevated temperatures or corrosive environments.

Finally, probably the overriding consideration is that of economics. What will the fin-
ished product cost? A material may be found that has the ideal set of properties but is pro-
hibitively expensive. Here again, some compromise is inevitable. The cost of a finished piece
also includes any expense incurred during fabrication to produce the desired shape.

The more familiar an engineer or scientist is with the various characteristics and struc-
ture-property relationships, as well as processing techniques of materials, the more
proficient and confident he or she will be in making judicious materials choices based on these
criteria.

(Selected from William D. Callister , Jr, and David G. Rethwisch , Materials
Science and Engineering : An Introduction. 9th ed. John Wiley & Sons, 2014)

New Words and Expressions

Pottery n. f%

by virtue of K& G- Jy ), FfE, BT, WX

empower wv. AL, HEVF, {HiEEME

empower sb. to do sth. #ZAE A

forerunner n. %K (F), Wk

stepwise a. ZAHL, SHr B

interdisciplinary a. 38 2% FHH)

metallurgy n. IR4&%

nebulous a. B, ZFRE, BEHE, B
3



agglomerate n. KH, K¥; o. M, BEHY
elaboration n. R, AR, WA
elastic modulus M E

stiffness n. K|

toughness n. #

electrical conductivity H, 5, BFXK
dielectric constant 4\ H, # %X

thermal conductivity # S, G F

heat capacity &

processing wv. (BARIHY) T, 4b3
structure n. (MEHE)) 454, #HidE
property n. (MEIH) FEAE, PR
performance n. (FRIAY) MgE

refraction n. ¥4

reflectivity n. [t

strength n. &

ductility n. ZEREM

corrosive a. A, HIRE, YR ; o Y, FEORA
overriding «. XEEN, 5§ T—UHK
prohibitive a. ZEIFAY, MHIH

judicious a. HEHK

criterion n. (pl. criteria) #ndE, HEN, REE

Notes

D It was not until relatively recent times that scientists came to understand the relation-
ships between the structural elements of materials and their properties. X &— 1 iRiE4], &
WEf[E . came tot+ AREX, FH “KTFe-e 7y “FFRfeeeee Y. BEREL. HIRIE. BER
AATTHMBNEHERZESHEEZRIMXR.

@ The notion of “property” deserves elaboration. deserve, [ 3%, {H1%; elaboration,
WHRER, 2HF L. “property” —ia] ML (ELE 40 WA,

® The thermal behavior of solids can be represented in terms of heat capacity and ther-
mal conductivity. ] represent BB E “FEIH”. “FR7. “W2L”, term I8 “Ki&”,
AR . B AR AT AT I RE A R SRR SR A

@ In addition to structure and properties, two other important components are involved
in the science and engineering of materials—namely “processing” and “performance” . com-
ponent, [R¥E “HM”. “H4”, A THEMEEES TEHRO EZHNE; namely, FH
“BI”, SHFL. BREWSRIEN, MER¥5TREEAQFE AN EZNYHRAE, B
(BHEHE) N T 5HRE,

® Many an applied scientist or engineer, =+, is at one time or another exposed to a de-
sign problem involving materials. many a (an, another) + ¥ 4&A, LM, LK, —
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A$E—AH, Bl0. many a person, ¥ % A. be exposed to, B, HEih, & F-&
H, SEFEX. FENAMERKTEIW, -, EEANEEEE G EF T XMW
Wit e &,

® On only rare occasions does a material possess the maximum or ideal combination
of properties. XJf&— B %5 A, HJEH K: A material possesses the maximum or
ideal combination of properties on only rare occasions. ] # fJ on only rare occasions, #J
BiEd “REEROBBERT”, EE “occasions” M REH; possess B “BEF”
MER,

Exercises

1. Question for discussion

(1) What is materials science? What is materials engineering?

(2) What are the main components of materials science and engineering?

(3) Give the important properties of solid materials.

(4) Please elaborate the relationships of processing, structure, properties and perform-
ance.

(5) Why do we study materials science and engineering?

(6) Give some example about the problem of materials science and engineering.

2. Translate the following into Chinese

materials science Stone Age

naked eye Bronze age

elastic modulus stiffness and toughness
optical property integrated circuit
mechanical strength thermal conductivity

e “Materials science” involves investigating the relationships that exist between the
structures and properties of materials. In contrast, “Materials engineering” involves, on the
basis of these structure-property correlations, designing or engineering the structure of a ma-
terial to produce a predetermined set of properties.

e Virtually all important properties of solid materials may be grouped into six different
categories; mechanical, electrical, thermal, magnetic, optical, and deteriorative.

® In addition to structure and properties, two other important components are involved
in the science and engineering of materials—namely “processing” and “performance” .

® The more familiar an engineer or scientist is with the various characteristics and
structure-property relationships, as well as processing techniques of materials, the more
proficient and confident he or she will be in making judicious materials choices based on these
criteria.

® On only rare occasions does a material possess the maximum or ideal combination of
properties. Thus, it may be necessary to trade one characteristic for another.
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3. Translate the following into English

I EF 9 LR

IE {4 b1 Bt M
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e HElFIL, RI¥RAAXTTHMMENSHER S HFEZ BB LR,

o BARL AR 2 3 B A TR b Rt B9 1 6 [ 2 A A4 ) 8 Rz A 8] 8,

o MRIEIIN TEBAERE TH ARG, [RAFPE T AR R IE P RE .

o BBy 12 AR 5 H BT 32 8950 J B A T S B AR TR A K

4. Reading comprehension

(1) Which material does not occur in nature?

(A) pottery (B) wood (C) clay (D) stone

(2) According to the text, all the following statements are true EXCEPT

(A) The earliest humans have access to only a very limited number of materials.

(B) The properties of a material could be altered by heat treatments.

(C) The properties of a material could be altered by the addition of other substances.

(D) The human beings in Bronze Age came to understand the relationships between the

structural elements of materials and their properties.

(3) In the sentence “The thermal behavior of solids can be represented in terms of heat
capacity and thermal conductivity”, the word “represented” means :

(A) replaced (B) described (C) stood for (D) delegated

(4) According to the author, which of the following properties are important for solid

materials?
(A) mechanical and deteriorative (B) electric and magnetic
(C) thermal and optical (D) A, Band C

(5) According to the interrelationship of processing, structure, properties, and per-
formance of solid materials indicated in the text, which of the following statements is
TRUE?

(A) The structure of a solid material depends on its performance.

(B) The processing of a solid material can result in the alteration of its structure, but

can not change its properties and performance.

(C) Ultimately, the processing of a solid material determines its structure, properties,

and performance.

(D) The properties of a solid material are derived from its performance.

(6) Why do we study materials science and engineering?

(A) Because we will be exposed to a design problem involving materials at one time or

another.

(B) Because any deterioration of material properties may occur during service operation.

(C) Because the economic consideration for a material is also inevitable.

(D) A, B and C.



