
GENERAL DISCUSSION

MR. J. R . TowNSEND. 1—On Octobe r
4, 1957 , th e Soviet s projecte d Sputni k
I int o orbi t aroun d the earth. In spit e
of th e fac t tha t th e basi c principle s
involved wer e Newtonia n mechanic s
and 300 years old , the fact was greeted
throughout th e worl d a s a  grea t tri -
umph of science, as indeed it was . The
Cold Wa r base d o n science and tech -
nology was upon us.

The singula r fac t o f thi s even t a s
related t o ou r subjec t i s that a  new
environment—that o f oute r space —
had been entered and a prodigious new
force ha d bee n place d i n operation t o
break the gravitationa l tie s that bin d
us to the earth . Ne w materials ar e re-
quired to mak e this possible. A whole
new scienc e an d technolog y mus t b e
explored an d man y peopl e mus t b e
trained t o labo r o n it s detail . Mor e
important tha n thi s is that n o longer
are we in the position where we have a
storehouse o f scientific facts collecte d
willy-nilly an d availabl e fo r ou r en -
gineers t o emplo y i n th e desig n o f
rocket engines , guidance , an d com -
munication. We must find new knowl-
edge, relat e i t t o wha t i s now known
and involve d i n th e proble m o f ne w
materials, and define steps to be taken
to emplo y ol d an d ne w material s i n
this new environment. There i s a race
involved. We must mak e new discov-
eries against tim e and we must shorten
the time of their application .

What i s th e plac e o f privat e in -
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dustrial researc h an d developmen t i n
this race? To be sure, we must employ
the talent s o f private industr y wher -
ever w e can . Bu t th e knowledg e w e
need to wi n the rac e i s new—and no t
necessarily o f immediat e commercia l
value. We dare no t leav e t o chance —
or t o privat e managemen t decision s
on researc h funding—th e solutio n o f
questions o f suc h grea t strategi c ne -
cessity.

Let us take a look at the money in-
volved. Fo r convenienc e an d clarit y
these wil l be given in round numbers .
The gros s nationa l incom e i s no w
about 350 billion dollars per year. The
national budge t i s 7 7 billion. O f this,
40 billio n i s fo r defens e i n al l o f it s
forms. Researc h an d engineerin g con -
sumes abou t 6  billio n dollar s annu -
ally. A s near a s ca n b e estimated , o f
this 6 billion, one-hal f billio n i s spen t
each yea r i n th e technolog y o f ma -
terials. Muc h o f this i s burie d i n th e
shops and laboratorie s o f the military
contractors, bu t a considerable amount
may b e directly identifie d as researc h
on engineerin g materials , an d thi s
amounts to 90 million dollars per year.

We are engaged in a Cold War con -
test base d o n technology, an d succes s
will atten d th e discover y o f ne w sci -
entific fact s and their promp t applica -
tion to en d products, processes, proce-
dures, an d weapons .

This symposiu m ha s deal t largel y
with the educatio n an d training o f en-
gineers an d scientifi c peopl e a t th e
undergraduate level . New facts in ma-
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terials are needed and these can evolve
only fro m scientifi c research. Because
of th e complexit y o f moder n science ,
long years o f training ar e no w neces-
sary fo r the practitione r t o catc h u p
with what has been previously learned
in orde r tha t h e ma y g o o n t o dis -
cover an d recogniz e ne w fact s fro m
nature. Two kinds of activity ar e gen-
erally required . On e is th e collectio n
of data . Thi s tas k ca n ofte n b e as -
signed to technologist s representin g a
wide spectru m o f trainin g i n detail ,
subject t o th e guidanc e o f a  profes -
sional scientis t o f top-leve l training .
The secon d kind o f activity is wholly
new explorator y researc h whic h re -
quires a  combinatio n o f training an d
imagination. Obviousl y w e nee d dif-
ferent kind s of people. The discussion
at thi s meetin g ha s emphasize d the
point tha t w e should not leav e engi-
neering to on e who would be an ama-
teur engineer even though he may be a
fine scientist . Thi s i s wron g o n tw o
counts. W e woul d b e employin g th e
scientist in a way foreign to his train-
ing, an d we need the ar t o f the experi-
enced engineer. A team effor t i s there-
fore presented to us as a necessity .

We estimat e tha t ther e ar e gradu -
ated each year abou t 400 scientists a t
the Ph.D. leve l who have had training
in the discipline s relate d t o material s
sciences: namely , metallurgy , ceram -
ics, plastics , physics o f the soli d state,
and physica l chemistry , t o mentio n a
few. Ove r the last ten years or so, this
number of people has remaine d about
static. I t i s obviou s tha t mor e ar e
needed an d i t i s equally obvious that
we canno t us e al l o f the m t o d o re -
search i n material s sinc e som e mus t
devote their tim e to teachin g and the
stimulation o f the wor k of others . I n
order t o fil l th e ga p i n th e nationa l
picture w e woul d estimat e tha t th e
number o f Ph.D.' s graduate d eac h

year in the physical sciences should be
increased by a t leas t 5 0 per cent .

It i s a fact of experience that crea -
tive wor k i s mos t ofte n don e i n a
culture o r backgroun d o f peopl e as -
sociated i n a  broa d enterprise . Thi s
is th e purpos e o f a  university . Th e
Department of Defense, therefore, has
proposed t o plac e contract s fo r re -
search in material s i n certain univer -
sities to suppor t research in new fields
while at th e sam e time accomplishin g
the trainin g o f additiona l people.

Several moves are required t o bring
this about . There mus t b e a  bringing
together o f th e discipline s o f knowl -
edge applicabl e to material s sciences,
housing fo r th e laboratories , equip -
ment an d continuatio n funds . Ou r
present estimat e i s tha t a n annual
expenditure of about $20,000,000 is re-
quired t o cove r fundamental research
in material s an d t o produc e 300 ad -
ditional Ph.D' s pe r year . I t i s esti -
mated tha t a n additiona l $35,000,00 0
will b e require d fo r building s an d
equipment.

The Federal Council for Science and
Technology ha s give n it s suppor t t o
the propose d program , an d severa l
government agencie s will participate .
The Departmen t o f Defense is under-
taking t o suppor t between 50 and 6 0
per cen t o f th e tota l progra m indi -
cated. W e believ e thi s allocatio n i s
reasonable. Th e numbe r o f profes -
sional an d technica l people employed
by th e governmen t ha s grow n to th e
point where 50 per cent of the presen t
technical graduate s ar e employed , ei-
ther directl y o r indirectly, o n govern-
ment work.

ME. DANIE L RosENTHAL. 2—One gets
the impressio n o n readin g th e repor t
of th e ASE E Committe e o n Natur e
and Propertie s o f Material s tha t th e
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only salvatio n fro m si n lie s i n th e
"unified grou p o f concept s an d prin -
ciples .... now emerging a s a  resul t of
the interchang e o f ideas amon g work-
ers i n field s suc h a s chemistry , solid -
state physics , metallurgy, an d ceram -
ics." Thi s is not entirel y correct .

To b e sure , th e discover y o f a  uni -
fied grou p o f concept s an d principle s
means n o les s t o engineerin g tha n i t
does t o othe r fields . Bu t n o specia l
discovery i s require d t o buil d a n en -
gineering course on science. If i t wer e
so a  new discovery migh t easil y und o
what th e ol d on e did . Fortunately ,
nothing of the sort is likely to happen .

In th e cours e o n material s whic h
we se t u p abou t te n year s ag o a t
UCLA w e sho w ho w th e propertie s
are dependen t o n the interna l struc -
ture, no t becaus e thi s i s th e mos t
modern vie w o f th e matter , bu t be -
cause i t i s the mos t general,  the mos t
predictable, an d therefor e th e mos t
useful t o th e studen t an d hi s futur e
function. However , i f thi s vie w wer e
not available, we would still have been
able t o mak e th e cours e meaningful ,
nonetheless, b y usin g the macroscopi c
approach. I n fact , th e phas e rul e i s
still th e mos t poten t too l i n ou r pos -
session fo r th e predictio n o f th e be -
havior o f metallic an d cerami c multi-
component systems . I n on e for m o r
another i t wil l remai n so , fo r i t i s
based o n th e mos t genera l principle s
of nature—th e principle s o f thermo -
dynamics.

The same rule is applied in deciding
which properties to include. By givin g
preference to the most general  proper -
ties o f matte r (whethe r mechanical ,
thermal, o r electrical ) an d b y basin g
the selectio n o f the cours e material o n
this criterion,  w e ar e sur e t o includ e
information that i s not only pertinent
to al l fields of engineering, but that i s
also lasting : tha t whic h the enginee r

uses an d wil l use again , o n whic h h e
depends to anticipat e th e behavio r of
engineering systems .

However, generality o f topics i s bu t
one o f th e criteri a i n designin g a
course. The continuit y o f purpose, th e
unity of action—to borrow an expres -
sion fro m th e playwright—i s another .
We canno t b e sur e o f ou r selectio n
unless it is not only necessary bu t also
sufficient, unles s it has neither lef t ou t
too much nor too little . Without pro -
viding the ultimate proof , unity of ac-
tion appear s t o b e a reasonabl e crite -
rion o f ou r choices . A  cours e carrie s
a grea t dea l mor e conviction i f i t ha s
unity o f action , i f th e topic s succee d
each othe r a s inevitabl y a s event s i n
a wel l planne d drama .
. Th e material s cours e o f the past —

or is it already a  past?—was anything
but that . I t move d fro m on e topic t o
another almos t b y chance . Wh y di d
iron an d iro n alloy s preced e an d no t
follow non-ferrou s metals? Wha t ha d
rocks an d stone s i n commo n with ce -
ment an d concrete? Ther e wa s no an -
swer to these questions, fo r nothing in
the ai m o f th e cours e implie d the y
were necessary . The y becam e mean -
ingful onl y whe n scienc e cu t ou t a
path fo r the course .

Yet the signpost s were there fo r al l
to read. The ancient Greek s suspecte d
their existence , bu t moder n scienc e
brought the m int o th e open . Ou t o f
this backgroun d a  spectacl e ha s
emerged, a  spectacl e o f unity an d or -
der whic h di d a s much to th e under -
standing of properties of materials a s
it di d to the proges s of science .

This i s th e unfoldin g sequenc e o f
events workin g it s wa y fro m th e ele -
mentary particle s u p t o highe r an d
more complex organizations o f matter
by a  commo n proces s o f repetition .
The repetitiv e unit—th e uni t cell —
may contai n a s little as one or severa l
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atoms (metal s and many minerals) o r
as man y a s hundred s o f thousands of
them (larg e polyme r molecules) , an d
it ma y consis t o f several thousands of
these molecule s as i n th e cas e o f tis -
sues o f livin g organisms . Ye t i n al l
these organization s th e propertie s o f
the whole are determined uniquel y b y
only tw o characteristics : th e proper -
ties o f th e elementar y particle s com -
posing the unit cell, and the variety of
ways (entropy ) the y ca n be arrange d
in this cell .

To achiev e unit y o f purpos e th e
course a t UCL A doe s not sto p a t th e
last landin g i n th e minera l kingdo m
when ascendin g the staircas e o f evo -
lution. Rathe r i t make s a  short , bu t
decided, incursio n int o th e real m o f
living organism s t o brin g ou t agai n
continuity o f physical properties .

Our pas t an d presen t experienc e
makes us fee l tha t a  cours e conceived
along thes e broa d line s i s sufficientl y
flexible and versatil e t o compl y wit h
the changin g demand s o f th e times .

One such demand is the increasing use
of statistica l inference .

To meet this requirement th e course
on propertie s o f material s beginnin g
next sprin g wil l b e taugh t a t UCL A
in two parts. Part I, in the sophomore
year, wil l emphasiz e th e predomi -
nantly stati c behavio r o f elementar y
particles (a s manifested , for example,
by th e elastic , plastic , an d fatigu e
properties), while Part II , i n the sec -
ond hal f o f th e junio r year, wil l con-
centrate o n their kinemati c behavio r
(viscosity, creep , conductivity) . Th e
latter wil l b e precede d b y a  one-se -
mester introductio n to statistica l me-
chanics i n th e recentl y reorganize d
course o n thermodynamic s base d o n
information theory .

In thi s manne r w e expect t o avoi d
the all too frequently employe d devic e
of "i t ca n b e shown, " whe n dealin g
with energ y level s an d ban d theory ,
and mak e th e cours e no t onl y mor e
meaningful t o th e student , bu t als o
more relevant to the ai m of engineer -
ing.




