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II December 19£7 

GEN~_~RAL ~.cKINLEY: Gentlemen~ this afternoon ";re are vet-j-fortunate 
in having with ~s Colonel Hugh B. Hester, ~-ho happens to be a life!eng 
friend of mine: Particularly am' I glad to have b~n here because he has 
been operatir~ in an area ,,,~here I had a little exFerience during the ,~,ar. " 

Colonel Hester was out in Australia for about three years, at Sydneyj 
~ °~ ~ : where he did the American purchasing from the Austra~l,~ns~ ~)rincioal!y in 

food~ 6n whatwe called reverse ~end-leasc or reciprocal aid. From there 
he was s;.-'nt to Germany. In Germany he headed up .the fond and agriculture 
activitic~s for the American Allied GoverrLment. I. know you ar~. ~, all aware of 
what a front-pag~ topic that is at the present time. 

I may add further that Colonel Hester is now on his way back to 
Australia as military attschet. ... 

~gith that background I think you can appreciate how much first-hand. 
kno~,-ledge he can giw~ us on this topic. Since hc is a grad~mte of this 
school~ I take gr~a~ pl'easure in welcoming back to the platform Co_.on~l 
Hugh B. Hester. 

COLONEL:~ESTER: G(~nsral ~;cKinley and gentlemen: I would be less than 
insinc@re if I did ~ot say that I iapprJciate greatly the honor .of coming 
back and talking with the student body at my old alma mater. I took this 
course in 1938-39. At that time wc did not hew.. ~ these spacious acco~_mo~-%- 
tions .you have here. ,,,~ had about t~vo ~.~ngs of t~.'~ old Z, Amitions B~.i!ding. 
We ~v<~re five or six dccp in each room. At that time ;-ze ~',~crc trying to 
solve the wcrldts ?roblcms, the ".:;er!d conflict develcF~d. Cl~ solutio.<s 
wcrc ~macccptab!e. I hope~ General }~[cKinley, you ar~ able to do all ~f the 
things we were discussing this morr~ing-.to bring some other d~p~.rtmehts of 
the Government into this school, I ~" • t.~,..~nk~ orimar.-',ly: the rcason ~'.:e were 
not abl<~ to put our Jndustrial }:[obilization Pl<n ~nto eff<ct at the begin- 
ning of the late, war was because we did not .h.-.w~ other government agencies 

4 .~ ,~ "' so~d on the idca~ or ~n~crm~ of ou~ excelL'~:nt plan. 

I ha{'e " scent the last twenty-six, months in .Germ_ ~ny with the Economics 
Division] in" 6h/r~ of our 'food and " ~ ' ~- agrmcu±~4.~al progr~.m. But before I 
talk <~bout that s~p<~cific; subject~ I ~,,-ould l_k~ to giv.~ you jus t ~] s~h~miry 
of how the oner,?tion takes olace over there in o~r ~illt?.ry Government.- 

e • 

You ~,.,I~ rccal~ that ._.t [}otscl.9~ar'.~ the Unz~.a St~t.'s, Great Bri~to.in~ and 
Russia sct Up four military govcrnmJnts to go.vern tho occuoied -arc~T,s of 
Germany. They providcd~ at the t~c of unconditional surrcnder~ for an 

TQ~ o .~r Allied Ccntrol kuthority~ co ..... os,..d of the mi].itary co:.Lm~m~ers of th~ United 
States': Great Britain, and Russia. Fr-:nce, unfortunately, ~,':as not a party 
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t~ the Potsdam Agreement. That oversight + has plagued us somewhat ever 
since. Later, they permitted ~anod to ,~oin the other three big pov+rers 
and gave h~r a small section do',+q% ~_n the south,~+,~est corner. 

Under the Potsdam Agreement, one of the cardinal principles enunciated 
".,,as thht of economic ~mification of Germamy+ They provided, under economic 
unification, that they ha~ a single agency t+hroughout the four zones, 
controlling transportation, communications, foreign trade, industry, and 
finance, At the Hoscow Conference last February and ;'i~rch they+add~+d to 
that the food and agricu!ttwal organizahion+ making six central agencies 
that are supposed to constitute the economic unifi@ation+of Ger~usny. I do 
not need to tell you how far from economic unification we are in Germany to- 
day. h~e+ther we shall ever +attain it, or not, it+is something es(rn.sst!y to 
+be hoped for.: 

]t{e start with the Allied Control Authority, composed of ++@.rshal Soko!ovsky, 
Russia; General +R0bertson, Grea{ Britain;: General Clay, the Unite d Status; 
and Gen.:ral Koenig, France. Directly undc~r-tbm.t is the Coordinating Com- 
mittee composed of th~ deputy krilitary Gow:rnors of the four powers, thder 
that .organization we have directorates in the following fields: "%conomics~ 
Politics~ Finance] Inte~na! Affairs 'and Co~mmuniaations~ an Armed Forces 
Directorate, a k+anpower Director{~te, and many other less important ones. 

Under those dir(+:ctorates there are many committ~.+es from the branches of 
the respective divisi6ns+ Of course, the work+ as you ~+ould expect, is done~ 
in the final :analysis, by the working p~rtiss undo.or +he directorates. 

I mention the above .iust t•o give those of' you who have not had the + 
• experience of serving in one of the occupied +ur.eas something of .:++ broad 
outline of the organization itself and its f~mctions. 

Since we were unable to accomplish one of the pr_i~cioal directives+ 
Econo~+.ic Unity, of Xessrs+ Trum+m, Attlee, and $ts.lin + at Potsdam in 19&5, 
the United States and +British Zones b-~ve e~fected an economic unification 
of their tv.:o zones, with hdrldquarters at Frankf~t+ + Vo h_o, vc p~rpose.ly 
avoided the establishment of any politic~l un_~mcation and restricted it, 
to date+ entirely to ~n economic unificat'.on comoosed of the six principal 
branches of the divisions I have indicated: food nnd agriculture, foreign 
trade~ communications, transportation, industry, and finance. 

I do not need to. tell you gent!omen here, who are studying industry 
~.nd ~olitics: both+ t_hat to separ+Tt+ politics from industry is an extremely 
difficult thing. But there isntt anything being done in Ger~ny, to date, 
that is not difficult, either inherently so o~ ~ude so by men~ 
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The whole problem of trying to get four powers to agree to the 
minutes of a previous conference frequently., takes up hours. I have attended 
conferences in which .we :met at ten oTclock in the morning, adjourned.for 
lunch, then proceeded again after lunch to try to agree to the minutes of 
the previous meeting. 

A great deal of that difficulty, of course, comes'out of the different 
backgrounds of the people involved in it, and the diffcrences of langusge. 
But I do think that among all the powers in Germany, that is, the people 
actually, on the ground, there• is a sincere effort being ~.mde:, within the . ., 
l~mits~and this is very important--of the directives from their o-~.~n govern- 
ments~ to ~-mke-quadripartite matters work. 

But if you have irreconcilable instructions from your respective 
governments, there is very little that men of the best will can do to ac- 
complish the desired result s, I, myself, ~,ve met a great many very fine 
Russians in Germany--I mention this because I think it is important to know 
it-,and when their instructions permitted them to reach a reasonable agree- 
ment, I am confident we were able, in most instances, to reach those agree- 
merits. But when instructions come from their government in Vmsc~.% which 
do not permit them the latitude that we, the Americans particularly, are 
allowed by our government~ there is not much area for agreemento 

In food and agriculture we have been more successful th~n they have in 
many of the Other divisions, largely~ I think, because, in the first place 2 
we have been dealing with an industry that is not being restricted but 
expanded to the maximum~ and, second, we are dealingwith an industry that 
is. as nearly unpolitical as any subject that comes up for q~drlpartite 
discussion. So, wc ~ve been able to get a measure of agreement~ We know 
pretty largely what the Russians are producing in their zone in the ~oy of 
food. We kn~v pretty accurately v~-hat ration-scale they are feeding. True, 
it is more cumbersome tb~n ours, but we do know essentially what they are 
feeding. : We have agreement as to all com~.on statistics, i~Je have agree- 
ment as to certain quarantine regulations. And we have also engaged in 
considerable interzonal trade of animals, livestock, and other food products 
they have in excess. 

I will not devote any more t~m~; to ths t subject~ but I thought you 
might want to h~ve the views--and•they are purely my vi:,ws--gained from 
dealing withall of our Allies over the past twenty-slx months. 

Now I do not think you can understand much about the food situation 
in Germany unless you understand something about the food situation in the 
world. The United States tod~y is trying to bridge, in foodj, an almost 
unbridgeable gap. All through Asia,.as well as through Europe: the agri- 
cultural industry has been greatly destroyed. In addition to the actual 
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damage that has. been done, to the machin.cry, equipmen% ~ and'horsepower " 
in that. industry they have suffered for~ s~ or scveh yea~s froman 
inadequate supply of f~.rtilizer, inadequate ,..nd J~nproper Seed s and.in,.deS 
quate .manpo~zer...As .a result, all of the East that used to have lsurp%us 
food, particularly, rice, Ha'rehad.to call. on the United States for tremen- 
dous tonnag<~s, of wh~!at and 0th@r foods .to supplement th<~ir ~inadequa~te supply. 

o 

You.all know Of. the grea% droughts in addition to the.things I.have 
mentioned as the basic c~uSes o~-;~hezdeterior~tion of th@ agri:cultur~l 
picture. The winter last year throughoutlEur69e wa~s . terrible~ .. :This. ~summer , 
there was an equally, or possibly more, "disastrous drought, That.extqnde d' "~ 
right up.to and considerably beyOnd~the.so-called "iron curtaino" 

Europe used:to •produce, supplemanted Somewhat-by:the' Danube B.msin, ":~ ' 
almost-enough food to maihthin the.280'o~d million p~ooie living in th~t~ 
area...France had. le~s thana fifty percent ~ropthiS east year,. If you "~ 
draw a line-from Greece right on up.~0 the Scandin~via:n Countries,. in ciud~ 
ing Sweden and Denmarkj you ~.~ill.find that that wholuarea was tv~ent~-five ' "" 
to fifty percent deficient in its food production. ~ :WSi~'.was-a.lmost is bad. "" 

• . .  . . .  . . • . . . . . . ! ~  . - . : . " . ~ .  , . ' . .  

. .  , . ' :  : . , .  . 

I ~attended a conference in Paris in July at which, the requiremcn%s of " 
all the. nations V.-ere stat6d~ ~t'h~m-the availabilities to meet those require- " 
mcnts were- also St.atod. Out. of so~ne forty-odd million tons required, in 
the opinion of the naltibns':th~t were represented there" as •customers, there 
was actua%!y less than thirty'mill.ion tons available for exoort to meet ~7: 
their de~.~,nd. T ~ • h~t meant, of course, a tr~,gic gapbetv~een ~-~k.-~t these . 
countries represented as their minimum requirements and the surplus countries 
as their maxim~, c0ntributi6ns.~ T~t, • gentlemen, is why food, primarily, .... 
happens to be one. of the most difficult problems confronting our forSign 
policy, as well as our domestic oolicy today. 

Prewar Germany, before its expansion, was a co~uutry of some seventy "' 
million people. Since the .war they have t~.ken away.from Germany, at l@ast 
temporarily, all of the area to the east of the Oder and Neisse, and East 
Prussia, and.apparently they are going to take a~.vay the Saar. 

The area remo.#~d and placed under Polish and RUssian ag~ministretion 
(I use the word "administration" r~ther than "gow:,rnmcnt" bncause the perma- 
nent lines have not been agreed upon; they my. have been settled, but they 
have ;not been:agreed upon) took.away, from Germany tv:enty-five percent of her 
agricultural oroduction. . . . . .  ~ 

To compound that .difficulty, ~they "shipped back • from Poland~ 
Czechoslovak~, Hungary~ and Austria o~bou't ten million people who formerly 
occupied the areas that now are no longer in Germanyo It represented in our 
two zones~, that is~ the British and United St-)~tes Zones, about a twenty to 
t~'~enty-fivc percent increase in population over prewar. 

. . . .  '--i'~ ~ Fi~] ~ ~';7:-~ " . ' ~  r .~, ,  



Now I will give you an illustration of how that compares with the 
U.S. In considering the arable land in the [~itedStates, we have about 
three acres to one individual. In the combined areas of L~-UK, they, have 
seven people to one acre. The density of population, so far as arable 
land is concerned, is just one to twenty-one, in our favor. 

A further complication is the fact that Germany never was self-sufficient 
in food. One of the things Hitler stressed most in his preparations for 
World War II was the increased production of food. He used every kno~m 
technique of a totalitarian government to slip up production. . In 193q-38, 
when there was the highest yl za of food oroduction on record, he reached 
eighty-five percent of self'sufficiency. That included, however, the 
importation of fodder concentrates and fodder of some four million tons 
which, in the final analysis, meant he never attained, actually,, ~:ore than 
seventy percent self,s.ufflciency in Germany as thus constituted. 

To summarize, he was never more than seventy perccnt self-sufficient, 
really. Since then, Germany has lost twenty-five percent of its food 
productionand has increased her population inside.the U~ S. and British 
ZQnes, as now constituted, by twenty to twenty'five percent. 

• In bizonal GeTmany, an area comparable to Pennsylvania, we have 
~3,250,000 people. It is evident, I think, from that that Germany can 
n~ver become a self-sufficient nation in food, at least the part lhat is 
presentlY occupied by the United States and U. K. So that means that lhey 
must export if they are to live. 

I hope no one in this audience will get the impression ]." am pro-German. 
I am not. They ha~;e interrupted my way of life rather seriously t-,.~ice. 
But I do think, we have to be realistic in the development of our for~ign 
policies as well as in the development of our,domestic policies. .. 

I have just "finished--I hooe I b~ve finish:cd--about t~vo weeks of testi- 
mony before the Senate and House Aopropriations Committees and they have 
bed one fact drilled into their hee, ds, desoite th(~ fact that they have asked 
me many, many embarrassing questions, which" is the f~ndamental fact tha~, if 
we are going to accomplish our objective of a peaceful world, we are going 
to have to permit Germany to export in order to pay for her imports, 
primarily her imports of food. 

I would like to state that as a basic fact: When we arc, considering 
Germany and considering our po!icics of tariff and trade in any shape, 
form, or manner, we must recognize that if we are going to have a revived 
Germany som~.body is going to have to make available markcts for her to 
dispose of her industrial products in order to pay for the minimum imports 
of food. 

t' 
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Now what are we trying to do about it in Germany? Our primary 
mission was to maximize production of food in ord~.'r to r,'~duce the cost to 
the people of the United Statss. We have forced the.Germans t'o adoDt;a 
production program this, year that is grd;utcr in a~crcage than ew.~rw~.s • • • 
produced in this~"si~.mel ' area. befor.c. : ; Th~,~re are so.v:~n, million ~o bnndr'ed and 
sixty-odd thoushnd, I think, hectar(s (2,4ui" acres per h,~ctare) of cl~op . 
production und@,r this 1947-48 .plan. Seven millio~ was the most-over . 
attained Under Hitler...We. arq~ importing som~i%hing like fifty million 
dollars' worth 6f fertilizer in nitrogen and phosphates and.something :like 
thirty mil].ion dollars' worthof secd .in or'der to increase .the production,;. 
on the-.t-l{eo.ry %hat for ew~r-~..dollar spent: for fertil'izer, in .appropriate 
proportion we wi!l get abo.u%-seven'.dbllars return in food... That, of course, 
as many of you v/he arc familiar with farming know, will depend upon th~ < 
climatic conditions under %[b!ch the:~ crop is grown. This year we .did no% 
re~,liZe that by any means because a.great deal Of our ~,~inter crop ~as " : 

destroyed and the harvest was muchsmaller in yield because of the unpr~:ce- 
dented drought. But that is;.the theory we are :0'pcrc, ting on. 
;,. ; "  : .  . . .  ~. 

B u t  e v e n - i f  w e  a r c  s u c c e s s f u l  i n  g e t t i n g  m.-?,xi~,.mm p r o d u c t i o n  o f  f o o d  i n  

Germany , it will represent--a,.gain going bac~ to my basic thesis--only about 
fif.ty: percent of her. normal .requirements. Prewar G rmany.cons:umed juSt 
under thrbe thousand calories, On theaw~rage, per person.. ~&? can produce, 
if w@ .hre able t6 maximize production tip to our estimated limit, only about 
1350 to 1400 calories of food of all descriptions to maintain the German 
people. Whether they will ever,get back to the very ~igh standard of .living 
they had prewar is a matter that depends uPon the future of Europe. 

THe number two .probl~,m ~ %er~ny :today, aft.~.~ food, is coal. There 
h~s been a •direct rela'tionship bctwean the ration tb~'~t }~as been furnished 
the Germn coal miner and his family and production out.of the German coal 
fields. Prewar Germany r~ac.hcd, an. aver'age, for the.iast two yea, rs pr:iar to 
the,war/ of about 400,000 tons. of coal in the Ruhr Oct day. Last winter we 
had the second food crisis and out-r.a%ioning dr0Pped.from 1500 caloriesto 
about ;a thousand or. e!eyen hundred;, 'coal :or0duction dropped do~.':n to 
189,000 tons from Considerably over 200,000 tons per.day. - 

• , . ,  . . 

!l~e are constantly wor..king on. our :food ration] and giving incentives and 
preferential treatment .to the Ger,~.an miners. L~qst week we reached a German 
production of 284~000 tons, almost a"hundred %hous.:and tons more than we 
were • producing in the winter, with the same humber of miners and with the 
further fact that" production of.coa], normallygoes up in the winter. 

If we cannot solve the food problem in Germany, we cannot solve the 
coal problem. And if we do not se&w~ the coal problem, there will be not 
only no realindustrial re.coveryi:nGermany,~bUt the whole Mars, ha!l plan of 
industrial recovery throughout Enropewill be :advers~lyaffected. 
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, ' ,  . . . .  ii Li/i 



. , I  , l"~ ~ 

I am not willing to say here to this. group that :a failure to revive 
Germ2my economically is a condition precedent to the revival ,of Eur.ope. 
But I am certain if we do not bring Gernmnyls industrial production back 
to approx~m.~ting a orewar production, ~:e are certainly going to r..t.-~d 
greatly the reviw_l of Europe. It has be.en the ..industr~ial po~:ser~qousd-of 
E u r o p e .  f o r .  m a . n y ~ - m a n ~  y e a r s .  ~ : :  i : ,  .. ~~ : ' ~. -. . . . .  :. . .:.~ . . .  , " . .~ . . . .  

• " . ,- • 

So,. in your. thinking of that:, I: wish you would . cons ider . ti~t for:o~r " :'! 
ovm interest it is essential thaiwe export to i Germany hur.~dr~Is o.fmillions 
of dollars' worth of fo~d. • It Will costu s about one billion dollars in : : 
the Fiscal.Year 1949. That• is.:because ef. the fact'.that .the-British.-h_~.ve :~ " 
actually now. pulled: out of"th~"financial support of. the i~comb±ned area. You " 
will recall tb~.t ,a ~e~r ago ~we entered an agreement ~ith the British by 
which theywould supply fifty percent of the funds for the importation 'of' L 
Todd and fo.odstu~.:-fs in.the bizonal areas. Because of their critical dolla~ :'~ 
situation today,• they have• hadto pull out of that to the extent of con -.~ 
tributing possibly no more than ten percent of their original commitmentu 

Thatbrings up a question very close to all of us and that is what 
effe'ct all ~ of this is going to have on our own economy. I do not believe 
anyone :would be so bold as to say wecould spend the great sums we. a~e.. 
called upon. to spend in order to establish some equilibritun in the wo;Id~s 
economy--which is necessary, in my View, for any world that.we can live ~/n 
peacefully--without somQ difficulties here at home. I am not 'going te t~y 
to get into the foreign field •here, but I do thin~, as thoughtful, !mPertant 
and influential Americans, you might Just as well be Orepared for the fact 
that it is going to co.st us Something more than just dollars to suppor't and 
revive Germany during the next four or fiv e years; ~ and our contribUtion,- 
largely under the. Marshall .plan, ~ Just • s.imply c<~nnot run uccontrol!ed with6ut 
its having'detrimental effect~:'on 6hr :own price structure. But I am 
confident that the detrimental effects on our future, by failure to:carr.y ~ 
through what we are undertaking now,. will.. ...be. infinitely more.•cost~y. In 
that respect, gentlemen, each.of us is tremendously interested, 

• [ .'. 

General McEinl~y, I will!be glad to.~s~.n.~.~er iny qu~.stions this group 
may have. If I cannot.answerthem accurately., I Will so state. 

QL~STION" Dowe ac.ceot requirements of other countries for food and. : 
other i~.bmS blindly,., or;4o we make some :investigation of their requiremon'ts " 
after they give us the figures? And v:hen wc do give them aid, like we are 
going to give in the way of food, do we do any .supervision of that?- . i. 

COLO~L"HESTER: The answer to the~'first part of your question:is yes. 
But what we do. is very li~ited, actually. We ~ave s.om~ embassies and some 
consulates scattered throughout these couDtries.i, like Italy and Franbe, for 
instance. On the. staff, of.~he, ~,mbas~a4og :in each c o.untry, or the minister, 
is an agricu!~hral attache' Of course, the other: member s of the staff are not 
entirely dumb abo.ut, food: m~ters.: ~ . . . .  

'~ ~ , . . . . .  . -  ~.  - , • < " • • ~) ' . ,  ~ ' ~  • . . . '  . . "  . . ~ "  " "  , . : .  
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So they travel aroundl ~ They get as much information as they possibly 
can by obser~-ing the crops, talking to the farmers, determining what the 
yields are, and so on. But there really isn't a great deal anyone can do 
in a country the size of France about determining their production. You 
can do better by studying the historical statistics on it and applying the 
current weather reports. In that way, you will come out with a better 
estimate.*of what the production is than by going out and talking with the 
farmers. That ~stimate is being made in each of these countries. But I 
must confess I am ver-y skcptical, myself, as to the adequacy of those reports. 
I think the agricultural attache'would be first to admit that their informa- 
tion is nBt accurate. They do not Pretend that they are accurate. 

Now as to the secondpart of your question I really think we arc making 
a very bad mistake. Even though we would be accused by the Soviets, and 
othe~s, of trying to impose our ideas and interfere with the~ aid co~mtries 
economies, it seems to me Ve.ry dangerous to turn loose all this food in these 
countries without any controls as to its distributiono I spent tmro v~"ecks 
in Italy. I saw more food in their restaurants than I find in the restau- 
rants here at home and at prices I could afford to pay. I co.uld get as 
fine a ~inner in Rome" for $2.50 as you can get in the Mayflower dovna here 
for $10.00. Of course, I was not using the official lira; but no one else 
in Italy was using it either, so far as I could discovez'. I went up to 
the American Express Company, got ,my checks cashed at 650 lira to the 
dollar. "I did not ask them for that much; they gave it to me. I could go 
into their r.estaurant, give them American money and they would give me 650 
lira for it. 

GEneRAL McKINLEY: Just what is the value now? 

.... COLOKrEL HES'TER: it was .350. I understand it is now 550, They are 
going to revise it every month. We cannot determine what its purchase value 
is, for ~,~asons best knovaa to all of you. But certainly if we could super- 
vise the distribution of this food it wouldlget to the plaCes where it is 
required rather than •greasing the palm of Somebody in the process of dis- 
tribution. 

QUESTION: Colonel, could you tell us what the caloric intake is, as 
supplied by the Russiansin the Russian Zone~ as compared .to what we are 
able to 'give them, ~nd what political effect that has on the German people? 

COLONEL HESTER: I meant to cover that in my principal remarks~ 

• So far as we can discover# it is about the same in the Russian Zone 
'as with us, jus t in the neighborhood of 1300 to 1350 calories for the 
normal consumer. N@~v a lot of people, get mixed up o~mr the term.. 
"normal consumer." ~ did not coin the word, That is the Department of 
Agriculturels word. It uses the term in describing all levels of living. 
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If you took the average~ you would h?.ve to add about three hundred 
calories to that in order to~fget~.~h~.% -the average person .coYlsumes. 
But, you see, the answer i~there is.no overage p~crson; ale they ~ake •. 
the normal .person. •~ .... -.'" . ". ' . . . .  : ...... i 

• ' . . . .  . : .  . . ,  : .  . . . • . .  , ~  ' . 

The R'ussians give about, the same as we do, This amount is grow~ in. i 
the Russian zone.. ~We are furnishing a little more than fifty percent of 
all the" food that the Ger~ns are eating today, in our zone. A little more 
than fifty percent of what they eat is being imported and ~id for by the 
United. States,..~ith some help. from .England. : < 

' . . ~  ' : .  ' . ~ " '  . . . .  • .. - ' ; • 

'QUEST-ION- T.h±s question i s  not on foe% Colonel., but you = Z  be.abie 
to throw s o m e  light on it. . . . . .  . .  

. ° : . . . 

I understand IG~rmany Used to'have very. Well managed forests• and, con-. 
sidering the acreage of the forests, their yield was verv high. Do ~y0 u :.. 
know if that management is continuing or is there indiscriminatc cutting 
going on? . . 

' . ?. 

COLONEL }'[EST~'~R: ~N0. The m~nagemcnt in our zone and in th& British 
Zone--certainly in"6urzone--is fully intact. They, inall ~ probibility, 
.h~dthe. ffnest"foreStry practice in the world, prcwa:r: ' :T~ey st~1"i have 
those same ~f.oreSter~. True, some o~. them have becn d6,N~.z~ed and kicked 
out. " ' ' i '  " .. i "  " ~  ~ : ~ "  " q '  ' 

Wehave been ovcrcutting 'for the past two years.- VT~ are 'cutting now .. 
at the rate Of about two hundred percent~ that meaMs twice .~he armful 
growth,. The necessity for that is tied up in this matter 6f coal. Tremen- 
dous tonnage .of wood is being cut to furnish fuel that'S'as formerly s:upplied 
from coal. We h~ve not been able in the past two yE~ars to give anything 
except a. cduple of. briquettes to the People in the c ities~, l:~k.e Berlin, 
for instance, ~to keep their, homes heated through the winter¢ 

" .  ° • . . " .. . . 

As a result, the German .forests have had to be overcut, .. They needed 
to' be over cut. somewhat for the simpl.e reasDn they had ac.q[%ired~ f irst~ an 
unusual growthl by cutting down other peooles' forests " ' " " . d u r i n g  t h e " w a r  a n d  

conserving their oval. S~cond, they just keep thefr tre~s too long, anyway, 
But there is no. indiscriminate or foolish cutting, excePt" that which is 
necessary "to keep the people • warm until we .get the coal production back, 
In the Russian Zone there is heavier overcutting~ There is•also some eve.r- 
cutting in the British Zone . . . . .  ~ " - ' . .  

COL~LTHCMAS G. McCULLOCH: ~,noticed that ~ t r ,  Roya!l,. in justif~g 
~ the request forfunds in the bizon~.l ar.ea,, indicated the United States 
might anticil~nte •more o£: a field of control in,. say~ econom~ and politics 
than the British area., Last nightls paper carried an account where the 
British newspapers had come out in flat refutation of that, Can you say 
anything about the area of disagreement on that? 
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l 
• : . . . . .  : . • [.. 

,- COLONEL ~_~$.TER:. (Discussion:off the record,) . . :. 

~,'~. JOHN '~[. SI!~~PEN.: You mentioned somth.ing about the aKriculturaI 
~r0duction o'f Germany..A :humber of the farm publications.~ in this country 
have stated that" if American .far m..agengs.v~ere sent to Oe~rmany they might 
help improve farm technique and thus increase prodnction. On the other 
• hand, some O f the o~ty. papers, that have .commented .on ihe same s~uggestion~ 

• hold it tO be rather an unust~l and unnecessar~ suggestion. V;ouldyou care 
to comment on that? 

.. ° ! . ".. . . . . .  . . 

:: COLONEL HF~TER: !~rell, of course~ agriculture in Germany is consider- 
ably differe.nt from .this co,retry. Regarding the yields in Oernmny today, 
even when we are producing actually about 70 percent--I did not mention 
that in my previous continent--we have gotten back bet~,$een 65 and 70 percent 
ofits highest.., pr.ewar production I but even with .that 65 0r 70 ~ percent, our 
yields in Germany are much higher: than the: comparable •yields in the-United 
Statos, per acre. . . : 

• , e ;  

N e v e r t h e l e s s ,  t h e r e  i s  a good  d e a l  t o  be  s a i d  i n  f a v o r  o f  s e n d i n g  o v e r  
our best technicians , best agriculturists~ to Germany. In the f~rst place, 
.the Germans have no.t been in. contact .with any:scientific .information for 
the..last seven or eight years, If we could get f~_fty to a-hundred 0f our 
best agricullturists Over there to advise them in connection with zhe 
improvc-ment of their technique~ and bring.them up to: date" on the ,best:and 
most recent~developments in the United States, there is no question about 
its being helpful. And, incidcntally~ it would •help us to .know really how 
m~ch the Germans are pgoducing.because we would have the pe0pl~ there to 
t411 us, 

~: DR, A. J.:PETE.~SON (former member of the Faculty): Some of the Arm(f 
me~ who :have come back from Germany have indicated they would like to send 
"over some machineryiand materials and have. them converted •into the £inishcd 
product,-stock'piled, or for some other purpose. I wonder if you thirflc 
th~.t would.be feasible? :~ 

that is being to do e tea 
much greater extent, too. 

• The s ame  ; t h i n g  i s  t r u e  Of qo%%on, They! have  t h e i r  f i n e .  t e : x t i l e  m i l l s  
the~re.  They  have  ..the. know-how and. t h e .  t e c > m i c a l  knowledg&.  I f  ~e  c b ~ d  • 
give some of. this surplus "wool of the world--we ar~ getting some from : 
England through Australia--for~ that purpos6 now~ you could not only ••give 
some clothis to :the GerF.ens b~t ~ conld pretty-well p~y for ;it out of .the 
export of their f.inished product. We are doing that to a small extent now 
and are planning to do it to a much. greater extent. : " 

7 
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. . . .  ~ ,  ' " : ~ ,  . . . .  : L  i F : "  

That was what I really was meaning by your authority to import .raw 
materials and export your finished product. That is the only way Germany 
will ever get clothed. She would be able to bring in woolens and cotton 
and manufacture them and then to help pay for them at least out of the 
export of additional surpluses from them. .. 

G~NERAL McKINLEY: Arc= private sources of raw materials of that kind, 
particularly her.s,' offcr'ing .to do that? 

COLONEL HESTER: We are doing it through the Commercial Credit Corpora- 
tion. You see, there is no way yet,-or ~t least not until within the last 
few weeks--of explaining to the Germans how to negoti.~tc contrac'ts. That 
is only very recent. So there will be only a b~.ndful for a long time to 
come. Theyh~ve no dollar credit. 

GENERAL ~cKINLEY: The Italians enjoyed a different situation from the 
Germans; that is, they were cobelligerent. 

r. 

COLONEL H~STER: That's right. 

GERERAL ~cKINLEY: They had a cobelligerent status. Evon two yes.rs 
ago, when I was over there, the cotton interests in this country were 
offering to give them raw cotton and take back the finished product in pay- 
ment for the raw cotton. So that .they would he.re, the cotton goods to the 
extent of the Value which was added by n~nufacture. 

COLONEL HESTER: 7Je are doing the same thing in Germany except we are 
doing it..through the CCC. 

The German h£mself cr, nlt do anything in the ws.y of me.king a contract. 
F~very contr-act: made in Germ~.ny has to be sign6 d by the ~.~ilit~?.ry Governor, 
big~orilittle , if itis outside of the inter#~&l German.economy itself. It 
'm~kes the actt~l :trnnSaction of business an almost insuperable thing. 

: Very recently t hey.h~.vc permitted the manufacturer to retain a small 
portion of the honey he gets for goods in actual dollars. 

I think, it might be interesting to this group to know that Tot the 
first :time-,th~ first time in histor~j I know of--we have a country over 
there that deals internally and also externally, yet thb! mediEm of exchange 
they use inside has absqlutely no relationship to the mediumof exchange 
used .Qutside. There'!s no relationship whatsoever between the German mark 
and an~.other currehcy in the world. ~J(hen we ship food into Germany, the 
German consumer pays for that food in Gernmn marks. It has-no relation- . 
ship to what it costs the:.United States to send it over ~ there'. ' 

• , , ;, 
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I iC. 

The money, that is paid. by the. German for the. food is put into a 
• . ~...blocked account, : When we rmake a contract for the Leica Company to ship 
,.. out a thousand ca.meras andl sell them for, say, $400,000, the German 

manufacturer does.not • send a dime of that. They turn back to' this ~ •blocked 
account that the Germans paid in for this. imported food• and dig out a few 
~arks and pay hJ_~., for his cameras and put whatever the amount is into a 

. - joint f0r~ign exchange agency. " : 
• ! • 

So~ you see, the two things are just as separate as night and day. 
There is no relationship between them. ITntil we can break that do~.~n there 
is going to be a very~c~mbersome method of engaging in foreign trade~ 

GENERAL NcKINLEY: I've been through the same~thJng. 
b 

QOT~STION: Could you tell us, Colonel, something about the productivity 
. of the agricultural~region in the northwest of Germany as comnared to that 

in the eastern part of Germany, occupied by. Russia? . It seems to me t~at 
that part in the lowlands next to Holland should be fairly productive. 

COLONEL HFST~: I was no±. try~g to say tb~t the Russian Zone could 
afford a higher caloric level than we can in the:British and~ United States 
Zones. What I was trying to say was that the population is much more dense. 
There is not anything like the same number of acres available for agricul- 
tural production..:. ' 

You will find some of the finest production in the world up there in 
:. that ar.ea a lono~side 'the Ruhr. Some of their yields arc fantastically high. 

But because of the large industrial population .and the denslty of the over- 
all population the actual amount of food we get out of the British and 
United States Zones Js small. Of course, in the :United States Zone we have 
largely scenery; the British got all the industry; the Russians got all 
the food; the French have the wine. 

But you are correct in saying some of the finest productive soil is 
in that ~,rea. ~ ' 

QDT~TIO~R: I did not know anything about the Ruhr. I was up in the 
other part and it seemed to me it was more productive than the a~ricultural 
land in this country. : . ..... 

COL0~,~L }~S-TER: They are producing right now--they are only 65 to 70 
percent of their highest premmr production--t',:5 co, in many cases t, vo and 
a half times, as muoh per .acre as ~'~'e produce here ~ the UnitedStates. 
But don't forget th.e. faqt .that.there are seven Germans 'on one acreand 
there arc .three acres for one.man in this country. That is the diff@rence. 
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QUESTION: To what e~tent .can the German industry, When it. becomes 
revived, be complementary to the industries of the countries bordering on 
it, like Denmark, Hclland, Belgium, and so on? 

COLOh~L HESTLR: I Can answer that best by citing what happened every 
day I was in Germany. They were trying to se~l us food in order to buy 
machines. This was true ~ Holland, Denmark, Sweden, Belgium~ Nor~vay, 
Italy, Yugoslavia, and th~ ~hole crowd of them. If w~ could have exchanged 
industrial goods for food, we could have brought in many hunc~eds of thousands 
of tons of food. There were tremendous quantities of food" in Holland. That 
was the biggest marke, t for food, prewar. Their economy is agricultural, ...... 
based pretty largely on their sales of vegetables, and things of that kind 3 
to Germany/ But we could not" take them because there were he calories dn 
the w~getables and it cost more money than we had. Our funds were appro- 
priated by the. Parliament of the United Kingdom and the Congress of the 
United States. In order to keep those people alive, we had to put calories 
in them. So that is one of the" things I was referring to when I spoke o f .  
these ~un-mede problems: 

If we could wash out all the barriers to trade in Europe, we could 
build a real cornerstone under the ~,hrsh~ll plan. But, you see, one of the 
principal difficulties is you have no common currency. If you travel today 
in Europe, you have to carry a half-dozen different currencies in order to 
get feed, lodging, and gasoline. In many instances it is just impossible ~ 
for one country really to do business with the Sther. It is almost entirely 
impossible to do business with Go,any since it has been divided into four 
states. 

There is no question about their economies complementing one another. 
That is why we feel it is most important not to build Germany bs.ck up as a 
potential threat to the peac e of the world~ but build it back up to a level 
by which she can import the things she ne~:ds and eiport the things the 
people around her need. That is what we arc t~ying tc do. 

I do not think there was a week, in tile ~vo years I was over there, 
that somebody from one of those countries did not come tous trying to sell 
us food in order to buy s6mething they needed from German industrial pro- 
duction. 

. . :  : . J . ' ,  

~UESTION: I remember a German t e l l i n g ,  me how he c o u l d  go t o  B i v a r i a .  :: 
and get food and carry it back up into the northern ~rt. "Now Bavaria was 
supposed to give a certain amount of food to those in the northern ter ..... 
ritory. As I recall the sitdation~ the Y.ilitary Government finally h~d to 
go into Bavaria and forcibly take away some of their cattle. That was the 
problem as I recall it. Has that been, in any way, straightened out? 
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COLONEL. HE.S .TER: ~[e.~have .corrected a l.ot of their failure to turn 
it in, but WeLhave no.t-e0rrected their indisposition to do..so--andWe " 
n e v e r  w i l l .  :~ ~ ": " " ~ " " . . . . .  : " ""~"' ": " "~" " 

., ~ , .."~ y:" ... J] : 

But .under this bizonalorganization we have set up down at. Frankfurt, 
you have a~min.ister with his. staff. The present member frgmi~he British 
Zone has on his staff an inspectorate; he has all of the statistical . • 

inf0r~ation abou.t what" the production is, and what the imporis are. Here ' 
is the way itworks, under an agreement we got signed by GeneraIs Clay and 
~obertson last summer. We determine, actually by thrashings and diggings, 
what the .production is on a random number of farms--the old" Gallup poll 
idea.--.so we can turn up with an acthal overall production figure for a 
~ta. te. ~ We will take, as ~ illustration , potatoes. Bavaria produces 
considerably more potatoes than it n.eeds for the official ration' as eStab- 
lished for the. combined a~eas. It will have to ship out about a million ~ 
ton#of potatoes., era little more, this year. Well, Bavaria isn'~t Self -. 
sufficient .,for .~veive mont hsin grain or in fats. So, if she" doesn't ship• 
outa million tons of ootatoes she doesnlt get the c0rresponding ambunt of 
imports she would normally be entitled to when you hdd both up and divide 
them. So we think we have that pretty well licked. 

• Now I wbuld n0t for on~ moment want to leave~ an3rbody here .the impressliQn 
that we have eliminat%d the black-market in. Germany. I do think we halve " 
it under a little better control in a good many of the countries ~urrokund- 
]ng. it; but it is not eliminated. .We will;..~dmit t~hree hundred calbries 

are being dis:tributed butside of the ration, but i~ comes from indigenous 
production. :. : 

The controls on imports are pretty well. foolproof. But if a. state . 
does not live up to its obligations to move. fpod' out Of its area ~to. a 
less surplus area, we simply refuse to m Ove~ i/por~s into that area. If 
they do hotship out potato~s, they do.n6t get. their grain or fats or dried 
skim milk, and so forth and so on. Bave~ria has practica!ly no sug~r0 1 So 
we take the thing" they are shortest in and refuse to ship it to them unless 
they meet their interzonal commitments. :~ .... ~ :. . 

There. isa little imorovement sincelyOh ~Oere there. :~ 
. . . . . . .  - .  i ' : ~ '  ~ ~'. ' " 

GENERAL McKINLEY: There h~.s b~en a big chenge since I was in Italy. 
For one thing, their transportation see.r~s t.o be pretty well org-~nized again. 
Vfhen I was over there, we were cursed with the fact that we v:ould ~have lots 
of fq.Od in one arch and coulduVt move it ~ up " to the areas where there wa~ 
a scarcity. There was no w~y that vJe could move it. 

.~ : ? , 
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COLONEL HESTFR: I know. Transportation was simply shot to pieces. 
Actually, I suppose the biggest problem we have in Germany today is 
transportation. We are not moving the coal that is being produced out 
of the Ruhr. I{owever, we think we can lick that because coal is eventu- 
ally going to help us to make more cars. 

If you can ever get a decent winter and a decent summer, combined, 
over there, we will have some chance. But last winter every canal and 
river in Germany ~as frozen over solid and food and other co~mmodities had 
to be moved by rail, which ~ws at that time shot to pieces. 

GE~qKRAL McKINLEY: Colonel, you have been very generous ~th your time 
and patience. I v~nt to assure you we have all enjoyed this talk very 
much~ ]Ve are deeply indebtedto you. 

(23 January 1948--450)S. 
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• RESEARCH AVD ~N~,T~,,~?+m IN ,.VE~TALLUg.GY 

• : 12 Decbnber 1947 

• ~, - , .,: . 

cAPTAI,"" R01¢LEY. = ' To brin~ our' Series of Technolocic~l Progress lectures 

to ~ c.lose, we - r , e  gein~ to he-r t}'is ~fternoon -~bout r;~se~r=h -~n8 develop- 
~ent in the fiel~ ~ of ~et--llur<y. This is ~ field in which ,<re-t .~dv~nces 
h~vc been m."'de, especi~lly in the l~st cener~tion. It is ~Iso -~ field • in 
which industry, the Armed Services, '~nd oth~-~r ~c.encies ~re workin.=: very 
h-~rd toward new developments'. 

Our sp.e~ker is Dr. Freclerlck Seitz, Jr., whose c~rcer h~s b~.en spent 
consider~bli~, in the fiel~, of.ePuo-~t/o n. He, until this July, h.~s.he~ded the 
school con.~ucted -nt 0~k RidFe for the instruction of newly ."rrived physi- 
cists ~d en~i.~eers. His re~ul~r ."e~femic ~U%y, you mi;~ht s~y, is "s he~d 

~'," "~'," -'-' titute of Tec,~ .... io~.~ . of the DeD~rtment of Physics -~t the C ~n~.i~ Ins ~ "" ~t 
P it t sbur ch. 

I t~ke ,zre~t nle~sure in !:resentin;7,Dr. Frederick Seitz, Jr, 

DR. SEiTZ: I nssurs you that it is ~ cre~t pleos~re to ~ddress this 

group. 

%¢h~t I would  like to ~o in the r~ther short time I h-~ve ~.t ,my ~ispos~l 
is give you ~ brief picture of the st."tus of t~.e- stu~.y of metals ."t the 
present tine ~n~ of the v~rious fields that -"re ~tt~ched to it. 

ex-m ..... e the v~rious fi,7.1~s of technolo~y fro~ the st~ndDoint of If you ~ ~ _ . 

their history ~nd b~ckgrour.d, you fin~ th-~t they f~ll into two :n."jor groups. 
One of these grou]~s is very e~sy to tm~erst~nd, These fields 'of technology 
~re those which h."ve sprung ~irectly out of science° There ~re c~,~rt~in 
fiel~s, ~ ~ri~e nx~Dle of w/ich is electric."l engineering, in which the 
field of techno].o<y would not exist if it were not for the f~ct that ~t -~ 
~efinite woint in the n~tur~l dnve]o~,~'ent of science certain c'iscov,~ries 
were m~de. In the cose of the field of cl .... r~ 1 en~innerlng, it is true 
we occ."~ion~lly r~_ into electric~l phen0mon~ in every d~y livin-7, such -~s 
when we pick un n static ch.~r~e while w~!kin~ ."lon~'~ ~ corri~o'r -~nd obt-~in .n 
shock upon touc~in~ ~ door h."ndle. But in the moin, ele6tric~l pheno~-~.~_ ~ 
--re r-ther sub~uer~zed in the world -~bout us, -~Ithough we kno~ ,~h~$ pl~y 
very i~port~nt role. ?gh~t h-~s h-~-or~ened in the course of the, develo-2ment of 
electric-"l engir, eerin< is th-~t scientists, ~.'oln~ out of their w~y to investl- 
E."te unusu-~l thin~s, uncovered the l."ws of electricity ~n~. ,7~%u~.,etism, -~nd 
other men put it to use. -" • " [ ' 

.In ~ field• such ."s this., •there is ~n underlyin~ theory which is sound 
-~nd wh{ich c-~n .".lw~ys be used• whenever -nything new is desi)=~ned, whether it 
is ~ rioter, ~ tr."nsformer, ~n.."ntenn~.,, or. ~ r-~d~r @evice. ]in the whole pro- 
fession there is n hi~zh re~rd for t'he theoretic~:l priuci;pl,,.s ~nd underst~nd- 
ing, There is -~ close bond between the scientists ~nd the engineers. 

r';"~'~. "r=~ M: ~ r-.-~ ~ i c-:''" ", ~ ." :'< '" "'" =~ ~" '':~ 7 -"-',,, 
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The fiel~ of ~tomlc englne~rln~ is in exactly the s~me situation. The 
phenomenon of fission, which opened up the field of ~temic engineering, w~s 
dlscovere~ in the course of scientific research. The first men to do ~.,,ork 
in 4-~ field of ~tomic en~In~eri~,~ were very close to the fields of science. ui~t. ,, 

Ag-~in Vou find the situation that is met in electric~l engineering -~ ver~¢ 
hiEh standard of ~ppreci.~tlon of fund~nent~l principles. 

There ~re other fields of technolo~; that f-~ll in ~ ~Iffer:~nt c~tc~cry. 
These -~re the fiol~.s of technology which were developed through necessity 
in ~ period before the underlyin~ theory t,,~s ~v~il~ble. One ez.-~mple is 
mech~nic~l engineerln~. Civil engineering iS ~nother. 

The need for thle practice of mech~nic~l ~nd civil cn~vineerin,~7 ~oes b-ck 
into prehistory. P~oplc h~d to buil~ brid<~s, d~:ns, ~nd sinil~r devices 
lon~ before they know the b,~sic l~ws of ~ech~nics. In ~bout 1700 ~hese b-sic 
l~ws ~ere discov~i'ed ~nd it then bec~ne possible to put the fields of 
mech-nic"l ~nd civil ~n~-inecring on wh~t ve ~i~Tht c~ll ~ scientific b~sis. 
Previously the ~r~ctic-~l methods of ~nech~nic~l ~nd civil en~inc>,rinc r~- 
senble~ tLose of ~ field of ~rt, ~s ~ result of the cent'~ries of ;,rowth on 
~- purely enpiric~! fo~m_d~tlon. The ~)eool< ~ h~d rules of thumb that hod been 
develope:~ yJurely by tri-!-~nd-error nethods for ~oin,< the "thin~s that .h~d 
to be #one technolo~ic~ll~'. 

%~non the. science w~ .~ovelono~, it first ~,~e ver;; little i,2~ ss_o.i 
In the first pl~ce, there w-~s th;-" tr~i~io.. - 1 -rt-like .~;velo]~r~ent which 
h~ m~ny. successes to its credit. The iu,~Ivi~v.-~Is who were tr~i~ed in 
mech--nic~l -n, ~ civil encineerin:~" te~c@, to resist the mere intellectu-~l 
~.9o~'th. Thev ~!~ rot see ~ny r.ee~ for it, An~ the truth is that iu the 
e~rlv ~ys, 4-~ ..... ~cvelo.~mc~t of the l"ws of st-tics ~nd ~..~¢n-~ics ........ on ÷~-~ ].~rt 
of the scientists of th~ ~..y ,"i~ not }:.-ve ~ L-.re~t de-~l to contrib:it-: to 
mech~nic~l -n; civil en'~!neerin~, 

~.~ct!y the s~me situ~tio~ exis.~ : 
i~..vente~ m-~ny veers before Newton ~n~ C-~lileo, ~ r d  !~uns wore us.-r~. O~,e ' ! i ~  
not h~v-,, however, ~n:/thin~7 rese~blin~.~ ~n exact theory of the o.:?or~tio~ of 
the or~_in;~ry '::e~pous of ordn-~nce. It is true th"t the ~iscovers of ti~e 
l~ws of ~ch~nics ~e it ~ossible to ~o ~.~th~., ..-...ore but it w~s ~,t 
obvious that these now ..n~oreti~ 1 ~r _ ..,. "~;.~ ~re~t hell *~. 
2r~:7ou find in 1700 that the effects of the <eyelo~,~cnt of ~<,c/"-~nics o~: the 
sul;.~ect of oran~nce were o~ the %~uholo rel-"tivcl~/ sm~]l. In f~ct, ir the 
field of ordn-nce, -~s in the fiel~ of mcch~nlc<l -~n£ civil en~<ineeri~:-,, it 
t~oi.: ~bcut ~ centur,,.,; before the effects be~:~n to be felt. '...'.To fin~ t%h-"t 
b-!llstic science re--lly ~i.~. not r~evel~1} to - hi~"h de~re~} until th~ tice of 
the Y--~%oleonic ~rs. The qr~:;~t ~,.~,. ~ .... ;~ b~llisti~i~ns ~_~. their incentive -~ 
eentur;l ~fter }Tewton ~n~. G-~lileo. 

The ~r~u~l wel~InJ, to rethor of the ~?irlc~l technc, lo~y ~nd th~ theo- 
retic~l princirl,~ " "~' ~ _ .. wni~n be~.-~n in the ei~-~hteenth cent~zr;/ ~ntlnued well into 
the Drcs.~:nt century. In c~ort.~in n~m, fielas, such s er~c;yn~.~ics, ,'~^ ~ .. u.~ur c the 
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benefit of uslr.~ theoretic-I prlnci[.:.les coul, ~. be felt -Imost~t once, it is 
founS that t~e tr~itlons b~sed on theoretical un~erst~n,~in~~ c~e in much 
f~ster, in f~ct, th~n ~n some of the more convention-"l fielSs, such ~s 
mech~n ic~l en~-ineerin~. 

Now~ met~llur~cy ~s P whole, regcrded -"s -" br-~nch of technolo~',y, re- 
sembles the fields of mech-nic~l -~n "~ clvil er:r.ineerln~ ~, on# b~llistics 
r~ther th-~n the fiel~ of electric-~i ~ ~.~' " en,:,i ..... erln~, Archoolo~ists h~vc goad 
evidence to show th--t the met-llur~ists (who h-~ve been with clviliz~tion 
~Imost fro~ its a.~wn) were -~on~ the first ~rtis~ns to h~vo ~ i~referred 
posltlo~ in society -~na, bec~us,~ of their speci--1 ~rt, were ~on< the first 
~o~le,. ~ to r.-~k~. ~ with the ~".ministr-"tors ~n~. the e-~rly ~l~_~j~"- in i)ein~-, freed 

~. "~i~ ~.- from the burden of tillin~, the soil© It is e~sy to L. ~.z .... that in the re- 

. slq -~- o( ~. historic or -~ the ~et~llur~ists, the ~en ~jho n~d.e coT~Ter -nd steel ~n ~ ' 
the~ into useful tools, took -dv~nto~e of this -:~osltion ~nd were quite ~'ill- 
in~ to ~l~y on the somewhat mystic -s~-'ects of th~.ir knowl~dfl:e. 

Met~llu~r~"Ic"]. science, di#. not devolm,,., in f-~+, until the e ~,,. of the 
1-st centur~ .... nd for very :<cod re-sons, In or~.er to h~ve ~ well-~evelo~f:ed 
~.ot~ll~'~ic~l science~ it is necess~r.~,~ to h~ve ~n un,derlyin~ knowled,?e of 
the beh.~vi~r of -"to~Ic systems, ~ knowlc~ie of the constituents of m~ttor. 
This Icn~wle4ce ~id not come to us until "fter develorments which exten~e~ 
well on into thgs century. As ~ m~tter of f~ct, the underlyln~ knlcwlo~<e 
w*s not re--lly ~v~il~ble, let us s"y, until 1930 or thereabouts, --ftsr the 
develo[ment of wh~t is now kn~,wn ~s ~u~ntt~ mech~nlcs. 

The result of this situ.-tion is th-t the field of ~et,~llur.~ V still 
exhibits very stronT'ly tod-y the effects ~,f two r~Ifferent "~r~itlons. One 
is the historlc*l tr-~ition, in which ~et~]lur<y is re<~rgea to sor.':e extent 
-s ~n -~rt, tri-l-~ng-error nethoas b~inz used to n~ke T roi<ress. The other 
is the scientific tradition, b~sed on the #esire to reduce our underst-nd- 
in~. ~n~. knowledge of net~Is t~ fttna~ment-~l ~rinci~les simil-~r to the : 
fur.~nent,~l ?~rlnci[?.les that o~er~te in oth~r fielfs, such "'s electric~l 
en~ineer inc. 

.h~ fusion these t,,.:o is The science of ~et~Is is younc, ~ ~ of ch~h.nc!s 
not yet co~!:,leto. In flcl,~.s such ~s electric*l en~,Ineerin~, in contr~st, 

~,.~. :~ic,~l one finds re~dy ~cce~t~nce of the ?.,eo~le who delve into ~n .... r .... ide~s~ 
T'~ere is ~ccemt-~nco of this -~ .... ro~h in c~rt~in re~ions of t :'-~ fiel~ of 
net-llur<ic-~l ~r~ctice; in other re<ions there is not, I think th.~t -~t the 
~resent time wc ore obout ot the holf-w%v ~olnt in the course of this 
a~,~eln~-~*. ~, _._ ...~..~, It will t~ke fully ~nother ~.~otlon.~ ..... ._ ~efore the fusion is 
conr~lete, that is before met~llur.<ic~l e~uc~tion ~n~ -r~ct.[~..'~. resem~le in 
their entinety the type of education which exists in fibl~s such ~s 
electrlc-~l en~::inperin~.: ~nd ~to~ric enci~eerin~<. 

In order to. Indicate "".erh-~$s ~ore 'sh~ly this ~ifferencc in vievfoint 

~,etween. the m~n ~,~ho is !nterestes in ~et~ll,~ic~l i~r~ctlce in the tr~ditionol 
sense ~nd the m.~n who is interested in ~: .~ ~n~ fund~-~ent~l science of ~et~Is, I 
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might ~tt~pt to outliu~;th.~ .,.:.~n<~r~...fi¢Id.sof ~nte.r~st in .the t~-ro c~.~ 
~n~. ind.lc~tb how the di-ff~rence in .viewpoint is be in;~ ro.~.uced. 

,.. I woul~ esti~-te that ,"t l~st ninety p~rcen~ of ~ll'the metals which 
~re m-~fe.~nd used ~re pro4uoed; bez~use .of She. ~x~inue ~'lech.~nic"i oroo~rties 
~et~Is c~n possess: high stror~<th coupl.~d ~.~:ith ductilit)/, "~ "ce%'t~in .~bsonce 
of. britt.lene' " ' ~ :~ . . . .  ~,:nt, ss,.the c~.~bility of bein ~ro~.~ht, by i;r0~er he~t tre ~ " 
to ~..~.-~t h-~rdness;-~nd so'forth . . . .  

The n.o~t <re-~t field' of interest cantors ~bout electrfc~l properties. 
,- Of the ten ~.~.rc.ent of met.-"Is not use4 for .nech~n'ic~l T:urT;oses,' the" ~e~t 

• -.~jority ~re used. for electrlc~l Dur~.:oses: for their ferrom~u~tic ~ro- 
- " ~_~ertia{, "s in the c-so of tr-nsforner steel ~nd•for their hi.~h ¢ou,!uctlvity, 

~s In the o~se of co~.~:er. " 

Althou.~-h. nech-nic~l ~nd electric-~l L, ro~,erties cover -l~ost the '.,,hole 
fiel~, there -~re A fe~.:ezco~z.Zion-i c~sc~, ~.-'hlch -re beco~in~z to b.~ more ~nd 
more ir;port--nt ~s time ~oes on~. In the first ~l~c(}, there ~r'o .~et~Is ti~t 

.,. ~ro uspd b e.c~use of their excellent hitch tenl'er~ure T~•~ro!~ertlcs~ One very 
.~ood cx?~fle of this gy?e of net~l is .the tuncsten, which is ;use@ in the 
fil."r~.cnt ]~-~. Tun.csten is of interest 'in this g:~lic~tion bcc~use it h~s 
~ very Ion.-" v~or ~-ressur~. ~t v<~y hi~:h t.em'-~er~tures. Sim~Irrly,. there ~re 
the !n~~Is th"t -re b~inT used in ~:~s t:/rbin,3 eu~Ti~.6s gnd in jet en-Tineso 
As ~ ~tter of f-~c%:, the ~ovelo'~ment of s-eci~l met.~Is'~n~.~lloys for h~i~rh 
te~?er~ture s.3rvice is ~:rob~bly one of the nest i~;~).9rt~nt flel~s fop tile . 

" i~e~.l~.to future. %;o noe~. not. look • vcrI/ f-~r. to fin ~. met~Is ti:~i .~rc use.~i 
.... for Q thor s~:cci~l ~'u'r-"oses, for ,ex~-:le because of - high ~ecre~ of resis- 

tance, to corrosion, 
f 

Now, the ~,r~ctlc~]. ,~',~t-~llur.~.Ist h~vln~ c~rt~In _,~...~.~[~te ~o~].s • ) 

w..'."tur~ll.]~ limits ._is ~ttontion ~-hen r;ossi~Cle to the tl~in~s .~t h~nd .His 
first gre~t interest is in com~ositi.ono He kno,,:,s that-unless he.h~s c0~trol 
over composition, }-e c-nnot m-~tch re}-~o@.uce~bl~ ~ ~n,y pro Dert~ th"t he ~,~nts; 
thus, proces.~ met-llur&'v, r--nks ver.y hi:71; in the fiel~s of. conventioo~l 
technoio~/, tri~l-~nd-e~-ror metho.ds..h~vin.< b.ee, n used for control in the p"st. 

Since ~et-ls ~re used so pr.~do~in~ntl~z for their w~ech~nic"l properties, 
the second Dredomin~ntint0rest is in mechenic-~l testing. • :gore *goin there 
Is ~ very !on.z'- ~nc~ well-~evclo~ed, history. Ther~?.~re the cel~t~in conv~.ntion - 
.~lize~ tests, such ~s the str~Ightfor,.,.~rd tensile test in which - sp~>cincr, 

• prop,?r!y. ~-~hined, is pl~ced in ten.~ion ~nd thO.f!6w ~nd rupture studled~ 
Or the specimen mfy be tested in b<~ndln~'.. The m(~t.~l~_urcist n-.y stu@y ~et~Is 
in ropid defor~.~tlon or slow deformation, dep.en@ing on the )/Iti~te use. 

.. A third, fiel~ of int.~.rest to th:~ ~ver~ ~ y ' - e t ~ ' l u r c i s t  is tko fiol~ of 
re~ction r~tes. Steel, for e.x-~'~plo ,, is }~"rticul"rll: useful bo, c-~Ise it is 

• possible to control ~.ts h~rdness -~n~. 9uctilitj.by subjectin.~ it to to~pering 
re~ctlons in wb_~.~h ti~ne ~n~. temperature p!~y. -~ role. The st~nd~r~. 2roee~_ure 
involves he~tln~ the met~l to ~n. el-~v-te# te:tper~ture, so that the c~rbon 
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which it cent-ins goes into solution. It is" t°hen cooled,, du~.ing which 
~rocess, the c~rbon co~..es out of solution.' [The met~llurgist h~s found that 
if he he~ts ~nd cools the met~l -~t certain definite r--tes, ha c~n contro.l . • 
its ch~r-~cteristlcs in $ w~y th.~t .depends upon composition.. For this 
re~son, the problems centering ~bout re-~ctlon r~tes interest him. 

About fifty ye.~rs ~go it w~s found th-~t there is -" strong correl.~ti'on" 
between the observed pr-~ctlc~l properties of met-~Is ~nd their -~pe~r~-ce " 
under the. microscope. For this re~son nlcroscopic technieues, that is, 
techniques in which met-~ls *re polishe~, ~.tched, ~nd then studied under the 
~icroscope, now pl~y ~ very inport-~nt role in the convention~l study of 
~..et~is. Fifty years ~go the use of the ~.icroscoT, e w---s regarded ~s'-~n 
Innov~tlon; And the Erect met.~llurgists of the. l:~st, men such -~s Howe, 
S-~uveur ~nd T-ran-m, who intro4uced the microscope, were. considered senewh-t 

r-~dlc--1 ~uring this period. 

If the convention-~l,. ]-.r--ctic-~l metellurcist could ~ot ~-lon# with only 
the tools I h.-ve mentioned, .I thlnli hc would; ~o so--"nd for .w~;ry good, 
~r~ctic~l re~sons. After ~ll, his success de~yends on ~utting out certain 
i~ro,aucts which beh~ve in - cert-in, rcnul-"r w~y. The c~se of the introduc- 
tion of the use of the microscou~e , however, in~ic-~tes that if he is to bc 
succe.ssful, it is es.~enti-I th.-t he Introduce new. ~etho.~.s. That is why the 
subject of the science of met.~Is is so im::ort-~nt from " "-,r~ctic~.l vie~coint. 
In the develowmcnt of .-- science one ~rbitr~rily studies .~l]. -~s];ects of-~ 
subject not with -ny in~.e~i~.te ~r-~ctic-~l use iu mind, but in ord..~r to 
.-- scert-~ in behaviors in ~ cenerAl w~y. Ex~,.~rience shows th~,t if one follows 
such ~ procedure consistently , th~n in ~ certain I.erc~nt"czeof c~scs one 
turns up somethln~ that is exceedingly new -n.~. of gre~..t ~r;,ctic~l Im~.ort~nce. 

From the st-~nd~,oint of the scienco of ~.ct-~Is, the gcner~l or~lering of 
met~Is goes -~bout "s fol'lows: The T, erson who is concerned, with the fund~- 
,-.etol .~roi~.~rties of ~et?Is is interested, first, in the gross structure of 

" :t~C r, et~i. Such tbin~.'.s ~.s fhe slZe off the crystals p.rescnt in ~ /,.-iron 
s~Teciuen interest him. 

• Second, he is intereste~ Inthe ~to~ic ~rr-~nce,~ent, Since 191~, with 
the-~;ve~olsmcnt of X-r.~y technique@, it h-~s .~roved to be T~.ossible. to ~eter- 

. . ,.._ .(.tic I ~cve].o~mont mine the detailed -~rr-~nge~ent of ~toms in solids. The ~~" ~ 
of this.sub'ject ~n~ its use in the stU~ Y of met--Is b ~ n in ~bout 1920,just 
~fter World ~L~r I, In this country -~ (.'re~t ~e~l of ,the C:io~eerlnc w~rk 
w-~s done ,~t the Gener~l Electric Com~ny by scientists such -~s A, We Yull, 
"who first st~rte4 .~ syste~-~tlc.cl-~ssific~tion of met"Is on the b~sis of 
their -~tomic structures. 

in more recent ti~cs, .since ~bout 19~0, there h~s been interest not 
only in ~tomic structure, but in electronic struct~re.. Met~Is ~rc m~e..eu~. 
of ~toms, which, in turn, ~re m-de u": • of electrons', Since ~he ~Bvele~mcnt 
of the ~tomic theories, it h~s been .Vos~ible, using ~uit~b'le .tcchnlcues, 
to ~ter~ino how .~he el.ectrons ~s well ~s the ~tor~.s in ~et'~Is ore beh~;in~, 
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From the st.~ndpoint of met.~l.sctence,-,~ny.knowle~e th.-~t can be. -~ccumul~ted 
concerning these two ch.~r~cteristics~is.~e~.--~rd,ed -~s imp ort~.nt, " :: 

The third fund.oment#l field of bro-~d, gener-~l interestcent@rs'~bout 
the thermodyo~mic~l properties .of metals; in other words, those: Ch~r~4c~er- 
isticts Which -~re -~Iso of gre~t interest to the chemist studyin~re~ct-ion 
r~tes ~nd e0t~ilibr-lum phenonen~: in con:no.orion with chemic~l reactions. 
Phase di~gr-~ms, which show=~he equilibrium rel~tionships between'the 
cryst~,llogr.~phi9 structures which occur in met~l systems, ~re reg?rded~s 
fund-~ment.~i knowledge from the standpoint of those i~..ter~sted in'-:the •science 
of met-~ls. ' ' " ' :  " " " ' 

T ~ e  b r o . ~ d  f i e l d s ,  c o n c e r n e d  w i t h  ~ t o m i c  ~ n d  e l e c t r o n i c ' s t r u c t u r e s  ~ n d  

width ~he .thermodyu-~mic~l istudiQs, of bulk m-~tert~Is, r-~nk first 'in :the order 
of intere.st from the scient'ific st~n@oint~ .. . 

A systen~tic stu<y of the.characteristic properties of met~Is) soon 
shows.that it is L-mpossi.ble tounderst-~nd ~II their'properties if it is 
-~sstt~ed thot they:.~re perfect. If one could obtain ~ perfect met-~l, s~y 
perfeet single cryst-~l of iron, one would find th-~t it wouZd ~.ot beh~ve 
-~nything llke the w~y ordinary iron @cos. In th e " first pl.~ce~ it would not 
be ductile~ that is, it would not 'flow pl~itic-~lly, ;It would be. very strong 
-~nd~would breok -br.ittlely ~t ..~ ov~lue ,of tensile .s~.reSs perhaps •five-to :ten. 
times ~re-~ter th-~n the tonsil streqgth, qf ~.ny of tt%e known ferns of ir6n. i. 

It is knoinnew, -~.s ~ result of rese-~rch in the l~st.. {w~nty ye-4rs, th-~t 
metals, -~nd solids in gener-~l, owe. ~ l~z:ge nttmber of their interest{ng ~nd 
,im.port~nt:chor~cterist$cs to the f~ct that they co~.t~in imperfections. A 
person concerned with the science of met-~Is will -~ttempt to m~ke ~ systematic 
study of the t.Fpe of imper.fections which c~n occur in ~et~ls ~nd other •solids 
In,order to obtain ~ .be.ttcr un@erstqnding of them, 

There ~re several kin@s of Im~erfectionso In the f~rst place, there 
~re wh-~t mi~:ht be c~lled point imperfections, that is, imperfections •occur- 
ring -~t -~ definite point in the cryst~l l~ttice ~nd which -~ffect -~ sm-~ll 
-~re~: of -~omic. '~ " d .... enszons =bout th,~t point•. The ?lloying .~gents such ~s 
c-~rbon which ~re commonly ~dded to iron to m-~ke steel, h~ve their effect 
tn -~ sm~.ll reg.ion-~bout .the position in %he l~t.tice where they lie, In f~ct 
m~ny pf.the, effects of ~lloying og~:nt.s in general c~n be correl~ted with 
the influence which they exert -t the poi.nts where they -~re situated. 

' It is known that diffusion would not t~ke pl~ce in n-~ny met-~l systems 
if it were not for the existence of cert-~in kinds.of point imperfections. 
Alloys c~n be m-~de from the pure metals by ~ixing the powder.~,for ex.~mple, 
-~nd he~ting them in -~ furn~nce so -~s to ~llow interdiffusion of the two 
constitue~.ts. This interdiffusion prpcess would not t~ke pl-~ce, with -~ny- 

+'' f~ct th-~t met-~Is cont.~in thing like the speed it does if it were not for ~ne' 
imperfections which help d.lffusion, " : " 

There ~re other kinds of imperfections. For eX~mole, there ~'re ihper- 
fections that ~re sometimes c~lled llne inperfections bec-m&se they extend 
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~s lines through long dist.~nces in the l~ttice. It is believed th,-t line 
imperfections pl~y ~n important role in determining the plostic properties 
6f metals, so import--nt for their mech.~nic~l beh.~vior. 

Simil-~rly, there ~re imperfections which occ~r over pl~nes. The 
simplest • of %hes~ pro the ilmpcrfections which occu_r between two cryst~l 
boun~rles. }'ost of the'm-~t~ri-ls th,~t ~ro use'd in cr.Ts.t~ls contain r~ny 
cryst*Is, ~nd thc surf-~ces of cont.~ct ~r-e regions that ~'rit p~rticul~r 
stu~b/' In -~ddition, there ~re pl~n~r i~n:~.rfections which occur,gn -~ finer~ • 

scale, If .~fou too~ . "  ~i~.~i!e ~.et~l crTst~l, you would fin~ tb.~tit[s:co~ 
Dosed of ~. ]i ~,oo Ic blocks, which "re tilted or rotated relative to one 
--uothcr. The nl-nes between these mosaic blocks re3reseut tqport?~.t r&~ions 
in the sense th-t meti]s '~•~ould h~ve .... r~" ~" di~zerent nror~erties if they did 

l % o t  OCC'J-r~" : '  • . 

I believe that it is s~fe to s~y that ~ l~rge fr~ctlon of the know- • 
ledge that. is ~ccl2~ul~te~ in this s~:ste~tlc scientific study of nct~Is will 
eventually find its use somewhere in ~r~ctice. I would s~ that the gTe~t 
2robls~ tod~y in developin~ ~et~llur~Ic~l anglnocring is in m.~king certain 
th-t the .~eo~le who work in pr-ctlc~l, ev,~ryd~y met~ll.~mglc-I technology 
• ~nd those ~.;ho work in met-I science meet -ro'o_nd tile s~me t~ble end find 
common ground of underst-ndh~.~, so th-t they c~n tr-nsfer work ~nd know- 
l~edge from One portion of the field to the other. The study of na~t~Is by 

• . ;~vl - ° " X-r-y techr_ioues w~s more .or less of -n ~c~denlc thlng.tw . . . .  t2-flv~ ye~rs 
£~o. Tod~y every ~et~llur~Tic-I l-bet-tory h-s ~oo8 X-roy o~ui[::~nont, j.ust • 
~s fifty yc~rs "~0 it w~s novel for ewi~ry goodnet~llur,~wlc"l l~bor~tor,y to 
h~vc ~ ~icrosco~e. It is found that toc.~niques such ~ electronic dlff- . 

• /~ction ~nd.microsco[~y, which ten year's ~;2o wore studied eel. Z in ~ few. 
sDeci~llzcd l-bor~t~!es, -~ro bccomlng kv~il-~blc tod~ in n~ny not~llur'gic~l 
l~bor-~torics where ~r-~ctlc?l Work is bcin~ done. 

As stated T,revio~sly, I believe t~'-t the ~roblc~ ~. of joining ~-Ct~llur- 
glc~l pr~ctlce with~ Sgience h~s been solve.d to -bout h~If of the <~tcnt 
, o s ° f b l e , ~  t~'~t is, I believe we ~re ~bout ~If-w~y ~lon::-" the ro~d. It 
seems to ne th-~t within ~ generation th<i ~duc~tion-I tochn[ouos that "re 
used in ~et-llurgy in ~'~ener~l will resemble those which o~ ~_ t~. t the ~re- 
• sent time in othcr fields of en~ineerln~, such "s electric?l gncineerln~$:-~nd 
- ero~cfn~nlcs~ : ~ 

There is no better w~y to illustr"te the ~0~nner in ~.!hich this inter- 
?I~3 ~ of ~rnct.~c~l technolo~..~j ~n~.. ~etcllur.~ic~l science t~kes ~l."ce t!~n . by 

,%~,,% ,% selectiu~ ex . . . . . .  l,..s fro ~, ~,~rtime. c~orlence. 

In dlscussln~•w~rtl~e -develo~ents, i believe I c."n divide them,L~t 
le-~st for the Outposts -t h-nd.,, into three, n~.~or i-:rou~s. Consider first the 
run-of-.the-mill ~et-~llur~7,1c~l orqblens, the .... roblc-s which were n'etIn the 
e~rly d-ys of the w-r ~n ~n ordnance l~,bor~tor.7 or ~ ~rdn~nce ; 7 , r 6 d U c t n ~ :  

~l-nt. 0me. finds th-t, for the most ~,rt, tlte ~dv,~nt of W~r brott<ht very 
few ~,roblems of. ~ "b~s&c n~ture. P~rticul-r].y in the e~rl.y d%ys of the w~r, 
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the gre~t ~roble~e centered~not ~bout in u0vgtions .i n the sense that new ide~s 
h~d to be ~ used but--~bout the ,~d-~ptjgtion of the production m~ch'inery ~nd the 
supplies ~wil~ble. to production demands. .... : 

T~ke ~ typic~l ~nd, perhaps, very l~ros~ic example. A certain steel 
company in P-hil~delphi~ :is ~sked to produce!icl~ss "A" ~rm0r, ~ Which it h~d 

not' produced since World ?~r I. Th,e m~in problem here is to cle~n out the 
mill in which ol~s.s."A" ~rmor had•been m-~de ~nd in ' which m~nufocturo h~d 
stopped in -~bout ~918 ~nd to put it b~ck iuto"0Per~ti0n. The next problem 
is to find men to operate it. Fortt~n:~te.!y, ' ther~e ~re men ~v-il.-ble who 
worked in the s~me pl~nt during World %'-~r I ~ndothey -re ~ble to do the job, 
Since the n~vol ~rmor being m~de h~s ~high priority, these men get the 
nickel ~nd chromitt.m they need for the n~nuf-cture. ~7othin~ very new is neede( 
exceDt the ~ctivity involved in stinul~ting production to the figUre reouired, 

On the other h~nd, the person who is m~kin~ light ~rmor, sm~ll-~rms 
2rojecti!es,;or sm*ll-~rms weapons fin4s himself in ~ dlfferent situation. 
He h~s guided ell his th~nking on the ~Ssttmption that he c~n ,~et nickel ~nd 
ch.9omium, if he needs them for his n-nuf~c.ture. He ossum, esthot he c°n ~Tet 
~ll o~ the brass that he w~nts to m~ke c?rtridge c~ses, Suddenly he finds 
there ~re shortages; the per'son m~k{n~ n"v~l ~rmor or n~v~l projectiles h~s 
orlority on the nickel ~n~ chro~i,&m, ~nd he must do without them. His bosic 
problems, then, ~re: First, to get' ~long without the Use of the ~lloying 
~ents which he h~d expected he would obtain, ~n~ second, to get l~rge il)ro- 
duction. Instead of usin,~ nickel ~nd chormittm, he finds he h~s to use 
m~ng~nese ~nd silicon, He proceeds followin;. % r~ther convontiGnol lines ~nd 
finds in the course of six months of ~evelo~ment that he c~n m.~ke f~irly 
good m-teri~ls in s~ite of the short'gee' In the course of ~nother year, by 
c~reful control, his ~roduction is hii~.h, his auqlity is ~0od. 

This is the story in the gre~t m~jority of the fields of conventionol 
met~llurgic~l development. The 3:robloms that ~re met ~re not very different 
from the De-~cetime Problems. There ~re'cert~in specialized situ~tions that 
~rise from tLme to.,tir~e ~nd require the surnountin~ ~ bf hurdles, ~ 

- . ... . . • 

• Perh~T's, the T?.reduction diffl.cul.ties of ! the ty2,e I mentione~ ~. were even 
gre-~ter • in. ~urone~n met~llur~ic~l .... r~ctice. In our own country wc never h.~d 
to forego the use of brass for sm-~ll-~rms c~rtri~e cases. • In ~ cotuntry 
such ~s Germ-~ny, where cop?er .~nd zinc were ~t ~ verff hi;~h~r~itt~, these 
~et~]s" cou!'d be used. only fPr s~e.ci-~l thin.~Ts, ~ There it bec~me necess~rfK to 
devolol~, •steel c~se~.. ,~'ge recognizes this ~s ~ p:osslb.le ~roblem, ond could 
h~ve solve~, it h~d it .~ctu-~lly ~rise.n. Fortun~tel.~;, it did not. 

In the bro~d, convention~l field of metallurgy, one fin~s c~ses where 
innovotions were introduced to cut corners thot wore not of the v~riety I 
mentioned. For ex-~m~le, the field of !-owner ~et~llur,~y develo:)ed wT:ry 
r-~pi~.!y because of nee~s for cuick methods of m.~king certain ~,~rts that would 
be very difficult to m~chine, Pressln~s of ~owders could be m~de to the 
deslre~, shape -~nd time could be s-~ved. There were l~rge develo~n~;nts in this 
field. 
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• There pro two other fiel@s in whlch the imo~ct of w"rtir.:e o}u.cricnce 
bro~*ht .~bout Rre-~t ch-~zes ~nd which ~re r, crh~s better illustr-~tior..s of 
the need for wider underst-~ndlng of fu.~.d-~ment~l principl@s. First, there is 
the problem of high temperature ~lloys. Two ~spects of this subject ~re of 
interest. First, there is the development of ~lloys for, let us s~y, 
turbine s.Tstems. It w~s found that the metals which could be shaped ~nd 
forme~ e~sily by conventlon~l m-~chlning methods were on the whol~ ~. not good 
for turbine bl~des that would operate ~t the hich temperatures, that -~re 
of interest in .- g.~s turbine for ~n ~irpl~ne superch-~rger. It w~s necessary 
to .do something quite new ond r~dic~l. One of the developments which m~de 
progress .possible W*S that of the "lost w~x" method. It w~ found that p~rts 
for high tenpcr-~ture g~s turbines could be m~do by ex~ct!y the s~me technique 
that the dentist uses in n~kin~ .~n inl~y, 

Here w~s ~ speci~l.ized problem that w~s solved by usin~ r~ther r~dic~l, 
new i~o-~s. In this c~se the only contribution from the fund~ment~l science 
of met~Is loy in the f.~ct that the systematic stu~y of the thermodynamic 
properties of metals h.~d shm~m in which ~irections one might hope to fin~,. 
good ~lloys for this now t~/pe_ of c--~ ~ ,  ~+~ technicue. 

Another problem, which -rose toward the en£ of the w~r, w~s that con- 
cerned with liners for jet engines ~nd related devlc<.~s. The.re is -~ v~ry 
close correl-~tion between this problem ~nd th-~t of bi-~des for high tc~por-- 
ture g~s tin-hines. In both c~ses the thcrm~l characteristics of tke m-~t,:ri~is 
set the limit. The ~eveloDment in the field of Jot engine lin,~rs is still 
in its infancy. 

One c-~nnot mention --ny field, of w~rtime O,.evelopucnt without soonu, r or 
l-ter runnin~.t into the ~ctivlties of the M-nh-tt-n District, ! thinx that 
there is no field of ~-ctivity which i!lustr-tes better the woy in which 
f~.tnd--ment-I knowled~e contributes to the spee#, of technologfc-~l development. 
COheir.or Just one r.~teri~l v:hich pl~ye~ ~ b--sic role, n*mely, uranium,. 

in the e-rly ye-~rs of the w-~r u_~nlttm, ~s ~ met°l, w~s pr~ctlf~IS.y 
unobt~i.n~ble. A few sDecimens of r-thor poor met~l h~d been :~-~o ~s ~ 
m~tter of c~su~l interest. In the p~st ~,eople w~ntcd to know the r.clting 
l, oint -nd simil~r cb~r~cterlstics of uranium .~n~ m-de sm~ll quantities of 
p~"n m~tori~l. In 1941, the technolo/v of m~nuf.~ct'~srlncT high quality met.~llQc 
ur-ni~im w-~s ~Imost nonexistent, 

,:,on, suddenly, ~ gro~t interest in ur~nlum., in -~II its c9r~,po~,mds cmuo 
lute being. The Investigators who were doing the ??relimln~ry work in the 
M-~nh~tt*n District four.d that the only form in which they coul~ got ur.~nium 
in ~ny.l~rge au~ntlty w.~s ~s ~n oxi~e, They w~nteO other forms for .-~encr~l 
stu~y ~nd they w~nted them r-~pldly, This reyresents ~ tylylc~l w~rti~~e 
situation to >rovide ~ test of -~ n~tlon Is b~ckgrou~:d. 

I c~nnot describe ~ll of the det~ild here, but I bclic~vc it s-~fe to s~y 
that Ny 1945, four years ~fter the interest in met~!lic ur~ni'&m st~rtea, 
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There w~s ~s much knowleege ~v"il.-ble on the ~et~llurgy of ur~ni,im ~s h~,d 
been r~eve]ope# in the whole field of steel me t~llur~]y since the P~wn of 
c iviliz~tion. 

The re--s~n these stu@les were successful, is that there were ~v~il~ble 
men who h~d tr~inlng of .- very bro~ type. The problems which..~rise in 
preparing metallic ur.~ni~.. ,~re very ~Ifferent from those,which ~rlse in 
prep~rin~ ,~et.~liic iron or one of the ~lloys of iron. It is necess-~ry to 
h~ve -- gre-~t degree of flexibility in ~ploro~oh. . An ex.-min~tion shows that 
in this development the investigators .who pl~yeff,~ key role!were chemists 
~nd physicists. The;/ were willing to look upon the problems -~t h~nd -~s 
typical research problems -~nd h~8 ~t their dlspos~l m~ny of the techniques 
which h~d never before been used in net~llurgy. 

If one could t~]k with comp~.ete freedop. ~bout the w-~rtine developments 
in the M.~n-h~tt-~n District,• I think it would be e~sy. to provide ~ple 
evidence to show that our cotuo.try w~s ~ble to h.~ndle this ~eve.lopment in the 
w~y it did boc-~use we h.~8 ~ very force group of .men tr-~in.e'd bro.~dly in -~ll 
of the fund~mentol sciences which le~d In•to the field of net-~llurgy. M~ny 
of the men who mode inport.~nt 8iscove.ries h~d not previously done -~ny work 
with ~et~ls -~s such, I donlt wont to le-~ve you with the i~press!on that the 
convention~l ~.et~llurgist m-~de no contribution .for t.h~t would be f~r from 

-" ~ proper picture. The ~ddition.~l supple._ment~ry b.ockground, however, w~s ~t 
least ~s import-~nt -~s the convention-~l one. -. 

To. repo-~t, I believ.e, th-~t the gre~t:problem we f-~ce ~t.present isth*t 
of speedin~ up ~s r~pidly -~s we c~n this fusion of the tr-~ition61 b~ckground 
of net~llurgy -~nd the development which is b~sed upon ftmd-~ment~l science. 

Fortun~teiy, there ~re -~ nuuber of ~%oed. institutions-that ~re doin-c_. 
this well. Before the w~r there were ~bout three institutions in the 
country which.h~d training programs in the field..of metallurgy which took 
proper .~ccount of the b~l.~nce between pr.~ctic.~l int:~rest ~nd .~cientific 
int~rost. Since the 'w-~r there h.~ve been sever.~l ~dditions, one very £~por- 
t~nt one. -~t the .University of Chicago in the form of the Institute for the 
$tuCLy of },-et. Is. 

! believe th-~t the support of such l.,s~.~ations wi~l a6 ~s muc}?. ~s ~ny- 
.... .. t.-.~ co~&x . thln~ else .to further the c.--use of pr~ctic .~] 'n~t-~!IU-~:~y iP~ ~.~ tr;/ by., 

• ~kini:" .~ wi~er --nd wider group of men concerned with p:'"ctic~l met-~!lur~.ie~l 
probioms f~mili~r with the fields of science that tie in with met-~l!,.u~ry. 
In this connection I might s-~y that governmen't ~id is B.oihg-- gre~t de~l to 
hel~ mftters. ! 

Before the wor .~.et~llu~ic-~l sciencein.this country w-~s sponsored 
-~imost entirely by private org~niz.~t-ions (if we c~n include st.~to-s'~ported 
universities-~mong privote org~...niz~tions,.-~md for the purposes ~t h~nd I 
sh~ll consider them -~s such). The l*rgest ~mou~t of ~et-~llurgic~! rese.~rch 
w~s being c?rriod out. in Amorlc~n industry, fort obvious re.~sons. A cert-~in 
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~o,mt of fund~ment~l work w~s being done in  ~c~demlc institutions, with 
gr~nts either from prlv~te sources or from state governments. On the whole 
the ~mount of money which w~s belng spent on fun~ment~l metallurgical 
rese.~rch w~s f*r from ~deou~te. The best lllustr~tlon of this is the f-~ct 
that when the pinch c~me--~nd it c~me very strongly within the work of the 
M~nh~tt~n Distrlct~It w~s necessary to use In the l~bo*r~to.~:les where the 
most important :Jerk w.~s being done men who never before h~d h~c~ much to do 
with metals, There we~-e not enough men in the country who h~d ~ bnckground 
bf underst~ndln~ of m4t~llurglc~l problems from the bro~d,, scientific point 
of View. 

At the present ti~e the situation hos ch~n~d, ~t ~e~st te.~por~rily, 
gre~t de~l. I wo~ald s-~y the% -~t least h~if. of t~:e fund~men.t~l'met--llurgic~l 

wQrk in the cothntry r~ow Is being s~qoport4d explicitly b E governme~nt~i 
sources The Office of 1~'~v~l Research is p]~ob*~bly c-~rrylng hell of th'is 
burden.throu~.h contracts ~.rhich it is letting with ~gencles that r~n~e from 
the Bureau of St~nd.~rds on through to private industry. The ~c~demlc 
institutibns .--re receiving -~n ~pp reci~ble sh~reo " It. is very likely that in 
the near future other bronches of the Government, p~->rh~ps the-At6mic Energy 
0ommission, will contribute to fund--ment~l met~llur~y by supporting fund ~- 
ment~l Work..in -~II of the pl~ces where it is ~one. . " 

i believe that the w~y in which met~llur~y, both practice! ~nd fund~- 
ment~l met~l]nrgy, c~n be furthered most is by continuing t/~is support. I 
s~y this not to solicit your support in the program because of the benefits 
it night g!ve to t!~e institution where I h~ppen to be working, but because 
I believe ~iI oZ, !the e.~qpcrience which we h~ve hZd to d~te shows that w!/on 

n~tion~l e~ergoncy ~rlses, the scientific Inform~tibn we h~ve 9n "n 2 
field of technology proves its v~lue. 

QUEo_IOL. There -~ppe~rs to be very little information ,~bout the steel 
industry until 1860, which is .~bout the beginning, of the .A--~e of Steel. My 
question is, when w-s stleel first used by m-n ~nd for wh~t purpose? 

DR. SEITZ; I ~m sure it goes very f~r b~ck into prehistoric periods. 
There were steel colum.ns in some of the Greek temples~ I dont t know to 
wh~t extent orcheologic~l findings h~ve turned up weapons, but I ~n auite 
certain that steel tools were found in the Sun~ri~n di~ginls. I think~, 
s~fe guess would be ~, least five thousand years; probably lon~ero 

@:~PTA I~" ROWLEY: 
° 

How w~s steel m~de in the oI~ d-~ys? Does ~nybo~v know? 

DR, SEITZ: Yes. 0ne.of the standard technlques w~s to m~ke ~ mixture 
of iron oxide -nd ch~rco~l:-"nd h~2--t it. Th~ charcoal would reduce the iron 
oxi~e, ~nd you would control the mlxture,so that you wouldn t t LCet too r~uch 
c~rbon, 

QL~STI01T: Alon~ th-t s~me llne, every now .-nd then we re.~d, gene.r~lly 
in the Sund~y supplement, ~bout some piece of bronze• or steel bein~: found" that .. 
h~s properties which c-~nnot be dup.l~.c~ted by our met~ll~urgists of tod-~y. Is 
• th-t so? ~ : 
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DR. SEITZ: There were found, s~y in the 1890 ~s, specimens of copper 
which were quite h-rd. The *rcheologists ~t that time s.~id that modern 
(modern for 1890) met~llurgics1 techniques h~d not developed ~nything of 
com!,~rsble type. Actu-lly, I believe that the foundations of the science of 
h-~rdening copper developed in our civilization ~bout 1909. Tod~y there ~re 
big industries founded on this; for example, those concerned with the beryl- 
liu~ herding of copper ~nd the copper h~rdening of -~Ittminum (dur.lumintt'~). 
I would s~y that ~t the present time there iS nothing I kr:ow of in the w~y 
of met-llurgic-~l development which the ~nclent peoples h~d which we don ~ t 
h~ve. But wh~t you refer to very likely w~s true sixty years ~go. 

QL~STION: Dr. Seitz, we h.~ve been told -~nd we h.~ve re~d that there is 
gre~t .shoi~t~ge of scientists in rese-"rch ~nd development,. Wh-~t is the 

sltu~tion in the field' of met~llufgy on this p~rticul.~r problem? Are tl~ere 
enoug, h met~ilLtrglsts being gr-~du-~ted from our. technic~l schools to s~tisfy 
the field; if not, wh~t steps ~re being t~ken to induce men to 'go into the 
f ield? 

DR. SEITZ: I would s~y, Just from the n,±~ber of letters which co~e 
ocros~ my desk ~sking for men to be ' '~ nz.~.d, that we ~re not tr-~ining men ~t 
-~ sufficiently r-~Oid r-~te. '~h~t the need. is, wh~t the r~tio of sU'[~ly to 
dez~nd Is, I don~t ku~.ow. I would guess that ot the i~resent moment there would 
be Jobs for ten times ~s m~ny men -~s ~re being turned out. At le-st, there 
~re ten times ~s m-my letters ~s there -re men. 

These things h~ve ~ w~y of c-~tching up r~ther quickly. I would s~y that 
the productivity of men could e~sily be doubled without s~tur~ting the field. 
You must remember that men were not trained ~ll durin~ the w-r. The gre~t 
~e~k in educational lo~d ~t the present ti~:e is in the junior ye.re It will 
be ~nother eighteen months before this cl~ss graduates. 

Ex-~ctly the s-~me situ~tlon is true in ~rodu~te work, incident~lly. The 
men who returned from grod.u-te study in !945 wonlt, in genor~l, get their 
doctorls degrees until 1949. Mostof them w~nt to t-~ke more ..... ~, r.~th~r 
th~n loss, to finish, 

So I would s~y th.~t the field will not start being s~tur~ted until 
~bout 1949. How Ion~ ~fter that it will t~ke before the students coI_~c 
~rotLnd ~sking you to get jobs for them,, i don !t know~ 

QT~STIC~7~ Does there seem to be more interest shown in the fie&d of 
metol!urgy in schools th~n there w~ before the w~r? 

DR. SEITZ: Ye.s.. I would s~y that there is gre~ter interest ifi ~II 
fields of science ~nd on~ineerin~. You find that in ~II of the schools the 
sciences ~re gettin~ m~ny.good men. For knst-nce, in our !~hysics dep~rtment, 
we now h~ve 120 under~r~duotes, Where.~s before the w.~r we h~d only thirty° 
I think this is ty~ic~l of ~II fields. 
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CAPTA~" R0;'~LEYI Is th-t p-~/,ti;.~lly ~ue to the influx of ez-Gl students ? 

DR. SEiTZ: Ye~. I think the ~ver~ge veteran, in t~king up his rights 
under the Veterans A~Lministr~tion, thinks in terms of getting.~ technics! 
education, Or, let's s~y, ~ much l~rger fr~ction of them w,~nt ~ technical 
education, if compared with the students going to college before the wsr. 

QU~$,IC~,. C~n you give us some ide~ ~s to the developmer/t of isotopes 
=nd their ~pplic~ti0n to metallurgy ~nd other fields? . 

ILR. ~ITZ: Yes.. At the present tlze the princlp~l in:~erest in Isotopes 
for metallurgical research lies in using them ~s trocers to stuciy, for 
ex.~mple, wh~t processes go on in ~ bl-~st furnace or in .-n oper-he-~rth furnnce, 
how r.~pi~.ly metals interdiffuse, how r~pidly zinc ~iffuses in copper, -~nd 
thln~us of that kind. I woul4 s-~y that the isotopes ~re fuamishing, xTery 
useful tool for this kind of study. I think th.-t isotopes ~:,ill be common- 
pl~ce ~s ~ tool in .~nother five years. 

"' There -~re other interests in isotope problems, of cour~,~., ~-~ in metallurgy, 
As ~ ~.-~tter of f~ct, in ~ sense, the problem of m~king the ~tomlc bomb w~s .... 
l~rgel~r one of isotope sep~r--tloe. ~nd is intim-tel,v connected with ~!]. the 
met~llurgio"l problems going with that. I woul4 s-~y that this is one of the 
fields th-~t is here to stay, so f.~r -~s both scientific ~nd pr-~ctio~l Interest 
go. 

QI~STIO~: ;'Sere under~r~du?te science stu4ents use~. ~t the M.~nh~tt~n 
D[strlct?. I h~ve reference to ~tudonts. who were of @r-~ft .-ge .~nd wore 
deferred. If they were used, wore they efficient? Did you get much good 
out of them? 

DR, SEITZ: Undergraduates Were not used, so f~r ~s I know; brat there 
were m-~ny graduate students who were, I~ll ~live you ~ typical ex-~ple. 

I h~ ~ student ~t C~rnegie Tech who, in ~94~." o, w~s st~rtlng. ~.is gr.~du~te, 
work, He decided he would join the service ~nd did. He ended up being tr-~ns- 
ferrcd to Chicogo to work in the M.~nh~tt~n District. Since [ went there to 
do some work in ~ special field, I succeede~ in h~ving him work with me. H e 
w~s cue of the most useful members of our gro~. He worked 7or& ~ h-~r(].~ He 
w-s sub,.~ct to military discipline during the entire procedure ond w~s very 
glad that he could combine his period of service with this opportunity {0 do 
something.which, so f~r ~s he w~s concerned., w~s ~,~.~ educ',tion~lo is 
now getting.~ Ph.D. in ~hysics -~t 0hlc~,To. }{is w~rtime wo.rk w~s not on!.~ 
,Is,.~ul to us but useful to h~., in e verj bro~d w*y. 

CAPTAE,T R0"/~LEY; Doctor, =ccordln~T to ~n e..-rlier lect.ure in the co,zrse 
concerning the number of years ! supply of ecrt-~In minerals , both ferrous 
~nd nonferrous, left in this country ~nd other countries, they ~re in pretty 
short supply when the present r~te of consumption is considered. Is there -~ 
conslder~ble portion of rese-~rch boln.~ devoted to the @eve.lopment of 
substitutes for some of them? 

13 

/ , . 



,j ~..:~.:-...'.J ~ d v. :, -.:':9 U 6 u ' . ~ . . ,  

DR, SZITZ: Yes. That w~s - yery big field for research dttrln~, the 
w-r, cf course, ~nd I tl~ink o large ~mount of exploratory ground h~s been 
covered. 

I think that the sltu~tlon which develops is this: When you uss up the 
gooa deposits, you find that you h~ve ~ much l~rger number of poorer de- 
posits. Very soon you learn to work those deposits. Perhaps the cost of 
prodtlction goes up,' but evbr.':the:n l.thlnk in gener.~'l t~o zitu~tion somehow 
m~n~ges to toke core of itself, -t le-st on this continent. 

Ibelieve the situ~tlon ~t pre~ent ,is that ~l~ost ~llof OUr very fine, 
rich iron ore h-~s been used end we.-~re now going, into ].ower:-gr~ge • deposits. 
B~iti believe it is s~fe to s-~y that the cost of"stecl:will not .be -~ffected 
very much by th--t, When the time comes, ~ great deol of !m~gin-tlon is 
• thro~ into the problem; .~nd one Just finds that new techhiqaes ~re developed 
which con be used economic--fly, 

" ' This"subject is surveyed constantly in the met~l,!urgi~2jour.n-~Is, As 
I ~mderst.~nd the sltu~tlon with regard to iron, for example, we ~re well off 
-~nd will corltinuc to be so for ~ n~nber of centuries *t our present r.~te. 

QLrE~TIO.T, Is the s~me thing true with respect to copper? 

Dlq. SEITZ: Yes. As - m-tter of f~ct, the most recent edition of the 
journol which surveys that subject tells us th-t in Mont-n a there '~ • ~ s been 
disco~.mred -~.l~ost ~n entire butte composed of copper ore, which con be '-'.ined 
~r_d h-~ndled ot rel-"tlvely low cost -~nd ~pn~rently ~lw~s us ~n .~Imost Inde- 
finite supply, it is now believed there ~rc sinil.~r buttes in other p~rts 
of the country. 

Le~d m.~y be short; zinc racy be short. • 3ut I think that met-~Is which• 
~re used in gre~t tonnage will be ~mple for our needs, ~Ithou<~h the cost m~y 
rise. " : 

%rJ~STIO~T: You spoke of the study of ~to.uic structures of n~tols. Hove 
you been ~ble to rolote th-"t to definite physic~l properties of ~ metol? If 
so, h~ve you orl-ivod ot ~ny point or ~ro you ne~rin~ -~ point where you c--n 
work o cert:'in .~tomlc structure into ~ met-~l end know wh-~t 7properties it 
will h-~ vo ? 

~h~rmoc.yn~...Ics, seem todecIJ.e vh~t • D-W., SEITZ: l~ture, or the l~ws of ~ ~ " ~' " ' 
str~ctures you will got~' But you cnn study the structures ~nd cl,~ssLfy them, 
~s yot~ c~.~ssify bt{tterflies. ' You find there ii ~ very important correl.~tion 
b~tweenthe underlying ~tom~'c structure ~nd the properties of the metolo 

I will give .you * t2rplc-I example. I believe it is s-~fe to predict, on 
theb-sis of wh~t we .know of structurei, that chr0miur,q should be - very 
"ductile met-~l if m-~de sufficiently pure. This w-s suspected in the e~rly 
d4ys of the w.~r, since we hid knowledge of the structur, e then. I=ocple who 
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h.~d special ir...tcrests in met-~Is that would, withstand high temperatures under- 
took the problem of m~kin~ pure chomi~m, By the end of the w.-,r, they h~d 
succeeded in m~king it only in sm~ll au~ntities. However, those sm~ll qu~ntl- 
ties ~ctu~lly showed the met~l to be ductile. 

You c~n predict things of that kind ~t this time. The knowledge you h~ve 
m.~y not tell you how to solve the problem -~t h~nd compl'c, tely, but it will 
give you some very import.~nt le.~ds. 

CAPTA~T RO~¢LEY; 
informative lecture. 

Doctor, I w~nt to th~nk you very much for ~ highly 
We ~II ~ppreci~te it. 

w 

(~I December 1947~-450)S, 
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