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THE TRAVELLING SYMPOSIUM

David Amin off

The purpose of this trip was primarily to attend the VIII International Symposium on (‘arbohydrate (‘hem-
istry held in Kyoto, Japan , August 16-20, 1976. In addition. I took the opportunity to meet and discuss wit h
specific scientists problems connected with our current research endeavors , and to visit some of the scientific
labs en route.

The American Chemical Society, under the auspices of a local travel agent , organized the group flight . it
was by all standards a highly successful and economical arrangement. The travel itinerary included Chicago.
Anchorage (meeting points for the Americans and Canadians), Tokyo , Kyoto , Hong Kong, Bangkok , Taipei . and
Hawaii.

We have all experienced at one time or another a scientific meeting held in complete isolation. The clos~
proximity of the delegates is initially welcomed for the opportunity it a ffords to make new acquaintances or to
meet old friends and colleagues, but with time , the meeting soon wilts in the monotonous environment, In con~
trast a meeting held in a large city with its many exciting distractions soon loses its delegates and identity in the
enormity of its environment. The Travelling Symposium surely provides the optimal solution . Here we found
ourselves, a group of congenial colleagues thrown together for a period of close to three weeks, spiced w i t h  an
exciting and constantly changing environment during the tou Ts and with every opportunity to learn of each
other’s work and thereby deepen our respect for each other’s achievements. Such a climate is most conducice
for mutual understanding and future collaboration.

Our group consisted of 38 Americans and Canadians. The fligh t must certainly have been the longest day
of our lives, since we saw no night in a trip that spanned two days and host one in the bargain. The overall I’orcign
contingent at the conference comprised 200, and they were matched by some 550 Japanese representatives .
There were no candidates from the USSR or Czechoslovakia, although delegates were present front East Gcrtiian~
and Poland. Of the foreign delegates , the American representation , as usual , was the largest and most active.

The previous tneeting held in the States was the VIth in August , 1972, and the meeting following that was
in Bratislava. The next two meetings are to be held in England and Australia . respectively. As such , t hese meet-
ings serve as excellent milestones in the documentation of the progress of the science and a reflection of the
change in emphasis of the scientists concerned. There was, for instance , at this meeting a much greater interest
in biochemical aspects of the field than was evident previously.

The Symposium was held in the International Conference Hall in the old imperial capital of Japa n a gem
set in the beautifully landscaped suburbs of Kyoto resplendent with magnificent temples , shrines and l)alaces .
Add to that  the typical Japanese meticulousness to administrative details and spice it with their legendary hos.
pita lity and courtesy and you have the prescription l’or a first-class symposium .

The meeting was organized by the Science Council of Japan which was supported by scientists af il l iated
with the Agricultural Chemical Society, Chemical Society, Biochemical Society and Pharmaceutical Societies of
Japan . accounting for the strong representation of the Japanese delegation. Since the central theme of the Sym-
posium was Carbohydrate Chemist r y, it is an impressive reflection of the importance at tached to this  area of
investi gation by the Japanese. Despite the higher proportion of Japanese scientists , the language of the  Svmpositttn
was Eng lish. It is a credit to our hosts that  the majority of the papers were well presented - althoug h the  going 
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was a hit  r oug h when it ca t t l e  to the questions and discussions that  followed the presentation of I lie general
pap ers .

ftc SeSSiot iS consisted of Plenary lectures by invited guests in the mornings and General papers in t h e alter .
noons. T h e  General papers were divided into five sessions: I Organic and Ph ysical Chtemistry of Carboh ydrates.
I t  Polysaccharides , I I I  Complex Carboh ydrates , IV Advances in Analysis of Carbohydrates , and V Industr ia l
and Medical Aspects of (‘arh ohydrates.  These five sessions were run simultaneously in different rooms and
natural l y it was not possible to at tend all the meetings. T h e  selection made here is , therefore , dictated by my
personal interests.

There was no discussion in the Plenary Sessions which consisted of an up-to -date review by recognized
authorities of the general state of the art in their own specific areas. A wide range of topics was handled , some at
great depth. There were three separate presentations on the physicochemical aspects of complex biologically
active carboh ydrates. In some of these the emp hasis was on the methodology developed . e.g.. B. Lindh erg of
Sweden and U . 0. Aspinall of Canada , in contrast to that  of L. Szaho of France where the emp hasis was on t h e
application of the different techniques to the elucidation of the structures responsible for the Bord etdlla pert usf s
endotox in. One of the Plenary sessions was given by a well-known Japanese investigator . S Hakomori , presentl y
residing in the United States at the Universit y of Washington , Seattle. His topic dealt with an area relevant to our
field of study on t h e blood groups. namely the “Status of Blood Group 113—Carhohydr ate Chain in Ontogeny
and Oncogeny.” Anothter very biochem ically oriented area of special interest to us dealt with “Lectins as Car-
bohydrat e-Binding Proteins.” Th is was by a colleague at Thte University of Michigan, Ann Arbor . I. J . Goldstein.
lie presented a review of t h e specificities of the different lectins and then focused on some of his recent work
on the “B” specific lectiti of !?andeiraea sf mplicifol ia which showed occasional cross reactivity with Type A red
cells. It appears that there are five distinct isolectins in these seeds ranging in their reactivity with A and B cells.
These isolectiris are analogous to t h e  LDII isozymes in that they are oligomeric proteins composed of 4 pro-
tot ii er s . ~~ and 2B. to give the following five isolectins: AAAA , AAAB , AABB , ABBB , BBBB . One of the Plenary
lectures dealt sv ith the “Synthesis of Amino- and Branched Chain Mono- and Oligosaccharides.” The closing
lecture , by R . L . Whistler front Purdue U niversity, Lafayette , Indiana. “Dire~tion of Carbohydrate Research in
the Near Future .” gave a one m a n ’s view of what is in store for us in the future Like the science fiction of the
last generation . th ere is an awesome feeling thtat the topics here discussed may indeed he the future titles of the
papers of general sessions at the  next meeting.

I3ut what of the sessions of general papers at this Sym posium ? All the material was presented orally, the
group was too small to resort to the now comn nm on practice of using Poster presentations. Howev er , in iiiy opinion
many of the presentations would have hecti more comprehensible if the Poster format had been used , because
of t lie language problem.

As mentioned earlier , it is impossible to cover all the presentations. Instead , I would like to offer a few
vignettes , flavored perhaps by my interests and research pursuits.

Schwari . et a!. (Justus Liehig Univ ., Giessen. Federal Republic of Germany) were interested in determining
the effect of ’ a number of sugars and sugar derivatives as well as of a new antibiotic , Tun iramyc in. as inhibitors of
viral glycoprotein biosynthesis. Thte rationale beh ind these studies was that  many of the viruses carry a glyco-
protein coat and interference witht the synthesis of these glyc oprote ins would result itt a defective incomp lete and
therefore possibly a n on in f ect ivc  virus. The sugars tested were 1)-g lucos amine . 2-deoxy -2 -fluor o-D-mannos e .
Partial inhibition was detitonstrated and the potential mechanisms for  t h ese inhibit ions discussed,

J . Lehmmmat in , ci a!. Fr eihurg U niv., Germany ) .  studying t h e  pto pe r t ie s of certain derivatives of simple
stigars. noted th at 2, (~ anhydro D-galac tohept . I -enitol could he converted to I -deoxv-D-ga/aetose-heptulose by

~3 galactosidase . The facile eniymc-ca tal yzed addition of water to the double bond of tIme substrate was com-
pared with the normal cleavage of Ø-gahactosyl residues by the enzyme Ø-galactosidase. This certainly appears to
he an interesting reaction in that  it is the first apparent of a ketoside being cleaved by an aldosidas e and could he
of value in interpreting the mechanism of ’ act ion of aldosidases .

-I
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Yaka moto , et a!. (Osaka Womn ens Univ. . Japan) described a tm ew n met h mod for the d etermi mta t io n of the
sequence of sugars in ami oligosaccharid e clmain starting fron m h e  nonre du c ing emmd in a mnanner analogous to
Edn ian ’s method for proteins. Time nm et im od involves the formation of cyclic aceta l at (‘4 amid (‘ti of time non-
reducing t e r nmit m a l sugar , its conversion to the 3. (s aim im ydro ring and finally by t h e  removal of the 3. (~ am mh y d to
sugar by im m ild acid hydrolysis. This method would not he applicable to ohgosaccharides carrying acid lab ile sugars.

Mester , et a!. ( I ns t i tu t  de Chimie des Substances Nature h le . Centre National de ha Rechercite Scientifique .
UIF- Suryvette . France) reported on some very interesting observations. Using the we ll -kmmown Aniadori reaction.
they app lied it to time study of interaction of serotonin with 1)-glucose . The product formed was fully active
biologicall y in its abilit y to aggregate platelets hut it was not incorporated into time platelets , a s is t rue  of tIme
free serotonin. Moreover , time derivative is not oxidi,ed by monoamino oxidase . Using pol y-l- i ysine . it . too .
readily fonu s Amim adori type N-substituted l-deoxy l-anmino -2-ketose sugar derivatives. This derivative loses it s
ability to aggregate plate lets and to inhibi t  collagen-induced platelet aggre gati omm. The sialyl derivative of l~~ 1Y ’
lvs in behaved in the sante way.

J. John Marshall (Biochemical Researc h Laboratories . Howard Hughes Medical Ins t i tu te . Florida) reported
omm the nmo diticatio mm of properties of enzymes to which polys acc imaride h a s  been at tached co v a le nt lv .  The l it mk -
age was brough t about by reagents used to prepare immobilized enzy m es on insoluble po lysacchar ide matr ixe s .
Time conjugated enzymes were separated f r o m m m time um ireactive enzyme and tested. 1m m general ti me conjugated
e m m ivm mm es had superior stabilit y and were less readily inhibited by natura lly occurring proteinase inhibitors ,  lie
recommends the use of such derivatized eni y m mi es for the timerapy of metabolic disorders.

Time role of carbohydrates in tissue cul ture  studies was exen mp h i ti ed by time fo i l owing reports: M. A. Ch ester .
ci a!. (C linical Ch emistry . University Hospital . l .um m d , Sweden) using flh r obl asts were able to show differences itt
imm am mnose m m meta h o l isi m m itt normal amid imeterozygote individuals armd patients wit h nm antm osid os is .

P. J . Kent , ci a!. ( l )ur lmam Univ. , Eng land) demonstrated time incorporation of fluorosugars into glvcopro-
teins and hyalurommic acid by rabbit trac h eal explants  in culture.  Time N-t luor oacety l residtm e s appear to be resistant
to am id are possible inhibitors of time enzymatic hydr oxylation step of time aeetvl group iti t ime conversion to
glycot yl n euran t inic acids. The fluorinated hya iuroni c acid derivat ive was degradable with itya lur onm id as e and
gl ucuro m midas e .

F . F. Walborg ’s group f ’romm m Anderson h ospital , Texas . reported on t h e i r  part ial  pur i f icat ion . f ’ron m Noviko f f
ascites h me pato nm a ce ll s, of a glycoprotei mm that  reacted strongly w iti m eotm canav ah in A . Flectrop horetically time piod -
uct obtained was still heterogeneous . hut the procedures developed sh ould he of great value for time isolation of
oth er mm me m h rane glycoprote in components.

Sialic acid , because of its general labi l i t y  and rapid disintegration , was one of time more r ec em m t sugars to he
discovered in biological mn ateria ls . But with time development of m m m ore gentle tec h niques . it is appare t mt t h a t  sialie
acid and its derivatives are widely distr ibuted in am m in m a l kingdon m , mm o doubt p layit m g an i t np o rta m m t ph ysiological
role in the org am mist i m. The following are a few of time topics presem ited involving sialie acid.

R . Schm aurer and Imis group ( Ru hm r -L J tmiv ers i t v . B o c h mu t m m . GFR itt co ll ah o r atiomm w ith Rijks U mmiversi t y .  U tre chm t .
Time Net h erlands ) gave evidence for timeir  belief in time existence of a number of new sialic acid derivatives isolated
front im u imm an seru mm m amid saliva: 9-0- acety l-N -a cety lne uram mmi n i c acid am i d 9-0 .L -lac t y l-N .ac et y l .n eu ratmmini c acid as
well as time more common N - acety i- t m euramm mi n i c acid (NAN). The 9.0 .acetyl .NAN was also f o ummd 1mm imu t i mam i  stout -
achm . kidney amid liver. An utmsatur a ted  sialic acid derivative . 2- deoxv-2 . 3-dehydro-N .acctvl n c u ta r t m in ic  acid h m as
been found itt imummm a mm s e ru m mm . saliva am i d ur ine . a nd it was post u lated to be a tm i tm h mi bi tor  ot b ac te r ial  a tmd viral
sialidases. ti tus serving as a protective mmm ec ham i is mm m for the Imo st

J . I’. Kamcring . ci a!. (Univ ersity of Ut recht . The Neth erlands ) used m mm as s sp ec tr omm me tr v tog e th er wi t h  gas-
li quid .chro matograp hy to resolve a m mmixtur e of the sialic acids. The met h od was app lied to time (a) i de n t i f icat iomm
of 0-acetyl and O.L-lacty l-sial ic acids , (h) ide r mt i fi ca tion of time tm nsatur at ed sia hic acid , described above , a mid (c )
identification of 0-acetyl- and 0 -nm etl my l groups 1m m sym m t hi et ic  siahic acids.
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Man y atm anti genic specificity has been completely mmmasked or mitigated in its reactivity with its ant ibody b y
the pr esemmce of sialic acid ott the molecule. Indeed , siahic acid has thus been accused of enabling somne antigens to
evade time natural  imnm imummosurvei ll ance system im of the host.

F. Miller , et a!. (Univ. of Pennsylvania , Philadelphia) presented her preliminary data on the e ffects of ’ the re-
tmmova i of the terminal siatic acids front tIme four major types of tumors studied: nm e lanonma , intestinal , breast and
ovarian tu n mors , using the Vibrio cholera sialidase . Time enzymatic treatn m ent  was followed by examination of tIme
biological nmateria l for changes in nmorpho logy and histochen mi cal reactivity and for the det ernmination of % of
total siah ic acid released. No clinical trials were reported upon.

F . Regoecz , et a!. (Hanmil ton , Canada) recounted his experiences in time difference in the response of avian
as comimpared to nman m nma l ian liver recognition sites for asialog lycoprotein. This report was of particular interest to
nm e since it reinforces our f imtdit m gs reported in time recent American Journal of Hematology , which show that there
is a sim m mi l ar difference in behavior of asiah o-chicketm as compared to mamimm t ma l ian erythrocyte . Time evolutionary
sig nificance of this has vet to be ascertained , but it emimpimasizes time in mportant  role that  the carboh ydrate  nmoiety
of glycoproteins amid cell surfaces play as zip-codes to direct time molecules to t h eir appropriate dest inat ion.

R . Brossmm m er , ci a!. (Heidelberg, E R G .) w h o  h a s  been involved wit im the sialic acid story for many years
described som mm e of time mimore rece mm t progress in sialic acid chemistry. Briefly, they cant be classi ’ied it m to (a)  the
svnt h mes i s of time L series of siahic acids as contrasted to the naturally occurring 1) series , (b) the synthesis of time
mi mono and diacetyl derivatives of NAN and a presentation of their properties , (c) synthesis of a diatm m inos i a l ic
acid de ri vativ e , w im ici m , it is h oped , will help elucidate the mm meclmanis m of action of siahidase on its subs f rates .
amid (d) t he synt h esis of a chr oi mm o genic substrate for time assay of sialidase conmpara hle to time p -nitrop hen vl-  or
umhell ifery i -g lycosides su it . 1 the detection and dete r nmina t ion of the glycosidases.

Time blood group well represented at this meeting.  Indeed one wh ole morning was devoted
to it and presenta tino papers j im the field were scattered throughout the Symposium. The blood
group substances ar~ . cot imp iex glycoconjugates to provide ample anmount of work for mm m any investi -
gators set upotm t hL . . . ~~~~~~ i i  of their  complex structures , be t h ey glycoproteins in secretion (Derivitskaya .
er a!. . Kobata , et a!.), glyco lipids on red cells (Koscielak , ef a!.) or complex oligosacc imarides in bacteria (Iseki .
et a!.),

Time tech niques used involved (a)  partial  alkaline hydrolysis and subsequent re-N-acety lation , as exenm-
phified in time c im enmical mmmod i f lc ation ot the Forssmmmamm glyco lip id and the exaim m ination of time immm m m m un oci menmica l
activities of time products obtaitmed (E . Unmeura . er aL , Simins hm u and Matsuimm oto) and (b) hydraz h ino l ysis of the
alkali stable oligosaccimarides of red cell tmiet mm brane (Lisowska . et a!.. Polish Academ imy of Sciemmce , Warsaw).

Iseki has continued his studies on time action of glycosidases on glycoconjugates isolated fro mmm eryt imro-
cytes , denmonstrat i t mg the possibility of destruction of H specificity wit lm the fucosidase from B, fu!minans, B
specificity with an enzyme from C!. spor ogcnes Maebashf and finally A specificity with an enzytm me fromm i pig
l iv er . In the la t ter  two examp les , t imis destru e tio mm of B and A specificity was accompanied by time deve lopmm ient
(m t blood gro up i-i cross-reactivity.

Kent Furukawa ( G u t m mim a U., Maebas imi) a fortmmer student of Iseki w h o  also h a s  been largely involved iii
stu die s of the e im z yn m atic destruction of blood group substances , devoted hi m mmse if in this sy im ip o siu nmm to time de-
scriptio n of the reverse reaction , na mm me ly time biosynt h esis of time B specificit y from im 0 eryt hmrocytes With time
assist ance of a .ga lactos vl .tra n sf erase front saliva.

Th ese intercon v ers ions of time antigenically im important blood groups involve time nonreducing ter m mmina l
sugars whicim are a l immked . and are usually difficult  to synthesize c imem miic a l lv .  So wtmenever such a n i etim o d is
described or discussed , it always a t t rac t s  a lot of a t tent ion.  Time presentation by R. R . Sch m mmid t amid hle rm m menti mm
(U , of Konstan , , Germmmany )  was no exception. Likewise , time step-wise syntimesis of a scro logicah ly i l-act ive tetra-
sacehmaride (Jacquin et . J. (‘. from U.E .R . de Sciences Fonda tmmenta les , et App li ques , Orleans , Frammce ) was of
interest to mi ianv.
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Ana lytical data ar e necessary prerequisites to good structural studies , and there is constant need for sh arp-
ening our tools. Yamatmaka (Kagawa U. . J a pa m m) discussed the use of specific dehydrogenases for time de ter m m m inat i o n
of sugars , nmore especially fructose. L- fucose and D-arabinose. Y a mmmagu ch mi . Ii . (University of Osaka, Japan) utiliz-
ing the well-km iown fact that reducim ig saccisarides are retarded by strongly basic ion exchange resins to separate
them front the correspond inmg alditol s m m  an analysis he wished to carry out on oli go- and polysacc imarides.

Time “peeling re a ctiom m ” h a s  always been considered atm unmdesirah le acconmpani m mmen t to atmy anal y t ica l  pro-
cedure that involves the use of alkali. In the nmet hmod developed by Takagi . M. (University o1 Osaka . Japan) cut-
ployimmg alkali this “peeling reaction ” gives rise to specific dicarbo mmyl commtpouimds. Timese im mmm mmediate ly react with
time 0-p henyhene dianmine in time reage n t to give a stable quinoxa line derivative specific for time glvc o st dic limmkage
involved. Time quinoxa l ines can be separated on Dowex I x 8 and detected b y absorhance at 320 t mm m m . F rom mm t i me
data obt a immed , it is possible to determine time chain length of the cleaved oiigosacc imarides .

And that  now brings us to our contribution to time Symmi posium in whicim I (Aminoff , University of Mic im-
igant) discussed time present state of our art in time specific cleavage of time O-glycosyl~glycoproteins by time ~ clint-
in mat i on reaction, Time value of the m mme tim od and sortie of its present linmitations as a quantitative procedure were
cm mu m m m erated ,

Im iterest was expressed tn the procedure both during ti m e discussio mm of time presentation and subsequently
itt various encounters, Time greatest nummmb er of queries centered on the conditions of assay to optiimmizc time quamm-
titative yield of oligosaccimarides amid its potential applicability to time diverse giyeoproteimms with wh ich time itt-
vestig -ators were specifically interested . Sommie of the mmmost conmnmon questions were. “Did time N-glycosyl glyco-
proteins also react , and to wh at extent .” ’”  Are you working on a mmiet lmod for esti m m i ating the oh igosa cch ar idc s in
glvcolipids ?’ Etc.

Those that were aware of n mmy researc h interests also wondered wh et h er I had our oligosaccharase pure
enough to cleave the 0-glycosyl bond of ’ glycopr oteimms enzy mmm atica lI y for subsequent biolog ical studies. Sur-
prising ly. while there was interest expressed in our project regarding the use of glycosidases to ch ange time blood
group specificity, nobody perceived tIme ir imp h icatio ni s of time use of these enzymes to obtain a Universal Blood
l)otm or.

Great interest was expressed by colleagues j im our experiments wit h the viability of eryt lmr ocytes in cir-
culat ion amid time factors t im at  n m i g l mt he involved m m  time clearam ice of time asialo- eryt hi rocytes fron t circu l at i omm . In-
dee d , a colleague am i d commmpeti tor  in the area , Dr . R . Scim auer fro tmm West Ger m mma n my. has hee tm w o rkimmg alommg parallel
lines amid wh il e lie imas showim time specifi c interaction of time asia lo-erythrocytes wit it time cells of time liven amid
sp l e erm at time tissue level , we h ave been able to d en mo n mstra t e it at time cellular level wit h both the Kup ffe r cells
of l iver and spt~emm im ionommuc l ear cells. We h ave agreed to puhl is lm our findings toget h er 1mm commsec utiv e i apers
of the same jourm ial .

Timcsc represent time mmmajor pieces of it t formmmati o mm relevant to time areas of my rescarc im projects. Th ere were.
of course , a nmi u l t i tude  of seeming ly uncom mnected fragmmmemmts of i n t ormmtat ion  timat defy amm ~ logical a t temmmpt  to
record thent or to put them in proper perspective. Sut ’t’ice it to say t h at time value of a Svmmmp osium suc lm as this
is riot on m ly imi the  wri t ten abstract or oral presentation . but also itt time mm mui titude of t l mese fra g mmme m mts  t i mat  are
excim armged imm time immformmma l discussions. Amid wit Ii all due apologies to time r es pom m sib le Psa l mmmi s t , “Time rejected
st ommes of yesteryear ni may well be time cornmerstone of sort ie f u t u r e  t im ( mug imts.

t.1 n mfor tumm a te l y. t ime stay in Japan was too shiort amid did mmot allow for nu atmy visits , especia lly with mmm os t of
time h ost scientists  t imem imselves (mu vacation.  I did . h owever , ta ke up time offer of a voting J apam m ese sc i e n t i s t  to
visit imis hub s it t  a Soya Sauce factory in Kyoto. lie was an emp loyee itt the research laboratories of this t’actor y
and surprising l y was wo rking ott siah idase amid preparimmg pure si ah ie acid fmi tm ii colot m mimmic acid. Moreover , ime used
time cob mmmi mm ic acid to i mmd tice t lie p rod uctio mm of sial idase - Well aware ot~ mmmv work i m m I ima I a rca . im e so t m g imt m i me out
to discuss h i s  work. h was qui te  itmmpressed by h o w  m m mu cit  can lie ac cotm m t h is b med wi t h  so l i t t l e .

While itt l aipe i. Ta iwa mm - I v i s i t  ed time I m i st it m ite  ot~ it ioc i menmist rv . ( ‘ol lege of Medicimm e . Nat iomi a l U I nmiv e rs i t v
of Taiwa m m . wh ere I ima d t lie opport m ini it y to t a lk  to a mm tmm mm he r  ~f I lie fact i l I y prof essors amid assess t lie type  amid 5
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quality of work carried out in their laboratories. Though not directly connected with our work, there was a
tangential interest in their investigations.

In Honolul u , Hawaii , I visited the Department of Biochem im istry and Biop hysics at the University of Hawaii.
I was fortunate to meet with Prof. Yasunobu and one of his students and explore some future aspects of our
work relevant to the protein core of the blood group glycoprotein substances.
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HITACHI RESEARCH LABORATORY

George Sandoz

The Hitachi Research Laboratory in Hitachi is one of six large research laboratories of the company, all of
which report directly to the President and Board of Directors. The Hitachi Research Laboratory (HRL) became
an independent laboratory in 1939 and in 1962 the present main buildin g was constructed on the Mikanohara
Plateau , a beautiful site which overlooks the Pacific Ocean to the East and mountain s to th West.

Dr. Toshio Doi , Deputy General Manage r , first outlined the organization of HRL and deacribed briefly also
the other five major laboratories, The other five laboratories are:

I.  Central Research Laboratory (Tokyo)
2. Mechanical Engineering Research Laboratory (between Hitachi and Toyko)
3. Atomic Energy Research Laboratory (Kawasaki)
4. Production Engineering Research Laboratory (Yokohama) and
5. Systems Development Laboratory.

The total number of people working in the six laboratories is about 4000. The Hitachi Research Laboratory
employs 1600.

The research fields covered at HRL include energy, information processing and control , industrial machinery
and transportation , and environmental control. Materials research is related mostly to heavy electrical machinery .
A close relationship with the company manufacturing works is maintained to assure feedback and prompt appli-
cation of research results. In fact , HRL main tains branch laboratories at eight of the various works to assure close
liaison. The various Works sponsor 75 percent of the research; the remaining 25 percent is sponsored by the
corporate head office. Hitachi spends 200 million dollars a year on research and development , with about 30
million of this going to HRL.

,Brief introductions to the Fifth Department and the Third Department were given by S. Kirihara , and S.
Kusumoto , respectively Senior Researcher in the Fifth Department and Manager , Third Department. These
Departments are the two which were visited , although there are approximately 11 Departments at HRL covering
materials aspects in the electrical , mechanical , materials, nuclear and environmental areas .

The Fifth Department is active in a number of areas concerned with metallurgy and welding, as follows:

1. Corrosion resistant materials — problems of stress corrosion cracking in stainless and other steels for
steam and water turbines and nuclear power plants.

2. Heat treatment of structural materials — heat treatment for structural improvements as well as surface
treatments and coatings.

3. Functional materials — these are electrically conducting, superconducting and contact materials.
4. Welding
5. Physical metallurgy — ultrahigh strength maraging steels.
6. Weldability — the weldabiity of alloys as contrasted to welding techniques.
7. Forging and casting — applications for water and steam turbines, large and heavy forgings and castings.
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Several achievements were cited for the Fifth Department. First a multifilament Nb3Sn superconducting
material has been developed. The diameter is 0.74 mm and consists of seven strands, each with 331 fine (~ 8pm)
niobium filaments, embedded in a copper and bronze mixed matrix . Each niobium filament has an Nb3Sn ifia-
ment of about 1pm thickness at the surface developed by the selective diffusion method . Good features claimed
are :

1. instrinsic stabilization
2. bendability and
3. low electric resistance at low but not superconducting temperatures from the mixed copper-bronze

matrix.

A second accomplishment is the development of 300 kg/mm2 maraging steel. There was no specific discus-
sion of this, but several papers were given relating to strengthening by control of

1. solution treatment (JIM 62 No. 8 59, 1976),
2. grain size (JIM 62 No. 2 , 56, 1976), and
3. cold working and aging (JIM 62 No. 9, 101, 1976).

The third achievement cited was the high abrasion-resistant Al-Si alloy. This alloy combines the strength of
duralunmin with greater abrasion resistance. The alloy is formable , weldable ( 1’IG and MIG), m~.chinable and
resistant to SCC in solutions containing chloride ions. No reference works were obtained , but Hitachi has produced
brochures.

The fourth achievement is the extension and application of fracture mechanics to production machinery. A
series of papers by S. Kusumoto and others develop critical analysis and evaluations of the stress intensity factor ,
including the development of the three-dimensional stress intensity factor by the finite element method (see
JPHN 13 No. 6 1975; Proc. 1974 Symposium on Mechanical Behavior of Materials, Kyoto; Proc. JSME-ASME
applied Mechanics Western Conference , March 1975, Honolulu).

The fifth accomplishment cited is the development of various welding techniques and their applications.
These are deep-penetration electron beam welds, electroslag welds and the soldering of microelectronic compo-
nents. A series of papers dealing with electron beam welds appear in JIM 43 32 , 1974; JIM 44 , 33, l975;Proc .
Second International Symposium, JWS, Osaka , 1975. The latter reference also includes papers on problems and
improvements in large heat input electroslag welds.

The main subjects of interest to the third department , as outlined by Mr. S. Kusumoto fall into three areas,
Area one is strength of materials, vibration and noise. Area two is rolling mill control and area three is robots for
welding and painting.

Area one includes the structural integrity of nuclear power plants. This involves a three-way thrust at:

I . non-linear stress analysis and fracture mechanics,
2. X-ray stress analysis and fractograp hy, and
3. the creep fatigue, stress corrosion cracking and delayed hydrogen cracking of st ructures.

struct ur al reliability of rotating machinery involves similar concerns , but with greater emphasis on vibration
problems and less on environmental effects. The structures of interest are pipes, pressure vessels, runners and cast-
ings fo r water turb ines, coils, t anks and cases for transformers , elevator and home appliance structures.8



A number of papers were discussed which document the work being done. Brittle fracture characteristics of
weld joints in 60 kg/mm2 and 80 kg/mm2 steel are described in one series of articles by S. ~asald and coauthors
(see JWS 45, 56, 1976; JWS 44, 54, 1975; JWS 44, 47, 1975; JWS 44, 22 , 1Q75). The same group has published
on the effects of prestrain on the fracture toughness of S3SC steel , a steel used for mill roll working table rollers
(JIM 62 93 , 1976).

A whole series of papers have been written on welding cracking problems: “Effect of Weld Heat Impact on
Weld Cracking and Restraint Stress” (11W Doc IX.957.76), “Effects of Restraint Stress on pelayed Cracks in
Welds of 80 kg/mm2 High-Strength Large Gauge Plate Steel” (11W Doc IX- 735. 71), “Effects of Restraint Steress
and Intensity of Restraint on Delayed Cracks in the Welds of 80 kg/mm2 High Strength Thick Plate Steel” (11W
Doc IX 784-72), “Effects of Restraint Intensity on Delayed Cracks in the Welds of High-Strength Steel” (11W Doc
IX 346-73), “Determination of Preheating Temperature for Crack Prevention for High Strength Steel Weld”
(11W Doe IX 875-74), and “Studies of Delayed Crack in Welds of High-Strength Steels — Correlation for Method
of Various Weld Cracking” (11W Doe IX 956-76).

An equally impressive series of papers has been written by H. Ouchida , Chief Engineer , HRL, with several
coauthors on the subject of fatigue in pressure vessel mateuals with cracks and without cracks and in the welded
zones. Without attempting to list all these papers, the interested reader ig referred to Bulletin JSME 18 No. 119 ,
May 1975;JWSJ7 , 1975;JSME 18 No. 125 , Nov. I97-5~.ISME , 17No. 103 Jan . 1974.

In the nuclear field Kutsumoto and others have presented papers on internal pressure fatigue rupture of the
fast reactor fuel cladding (Type 304) and on the effects of hydrogen content , temperature and crack configura-
tion on fatigue crack propagation and unstable fracture in Zr-2.SNb pressure tubes. Both papers were presentea at
the 2nd International Conference on Structural Mechanics in Reactor Technology, Berlin, 1973.

Y. Nakagawa and 1. Tamamura studied the effect of steel hardenability on the residual stresses developed
during heat treatment and reported a significant effect (Proc. 1973 Symposium on Mechanical Behavior of
Materials, 1973 , SocIety of Material Science, Japan).

In connection witn residual stress determinations, discussion with M. Nagao on a white X-ray system for
measuring residual stresses was Interesting. Claims for the system are generous. These are for the non-scanning
white radiation machine as follows:

1. Short time exposures of 3.4 minutes are sufficient. Inaccessible surfaces such as at the roots of gears
can be reached.

2. All varieties of metals can be measured.
3. High temperatures (to 500°C) are permitted.
4. X-ray frac tography can be performed. A high intensity beam can be generated which penetrates to

the depths of th~ plastic zones. It is therefore possible to study the history of a fatigue crack , looking
at the fracture surfaces.

For example the number of cycles can be determined.

‘This development has been described in several papers, along with several special applications. This develop-
ment may be Important so a few of the key papers are listed , as follows:

1. N. Nagao and V. Weiss (Syracuse University), “X-ray Diffraction Study of Low Cycle Fatigue Damage
In Plain Carbon Steel,” ASME paper No. 76-WA-Mat-lO.

2. H. Ohuchida, A. Nishloka and M. Nagao, “X-ray Detection of Fatigue in Corrosive Environment ,”
Thirteenth Japan Congress on Materials Research-Metallic Materials.

3. H. Ohuchida, 1. Iwasakl and M. Nagao, “Size Effect on Fatigue of Annealed Carbon Steel (X-ray
Investigation on the Detection of Fatigue Damage in Machine Parts),” Proc. 14th Japan Congress on
Materials Research, Kyoto , 1 1971.
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4. M. Ogasawara , M. Adachi , M. Nagao and Voker Weiss (Syracuse University), “Crack Initiation at
Notches in Low Cycle Fatigue , “ Proc. 1973 Symposium on Mechanical Behavior of Materials , Japan ,
1974 .

5. H. Ohuchida , A. Nishioka and M. Nagao, “Size Effect on Fatigue Strength of Machined Carbon Steel
(X-ray Detection of Fatigue Damage in Machine Parts),” Bull. JSME 16 No. 94 Apr. 1073.

6. M. Nagao , S. Kusumoto and Y. Ito , “Non-destructive Sub-surface Distribution Measurement of
Physical Quantities — an Application of Poly-chromatic X-ray Technique,” Society of Materials
Science 26 No. 280, 18, January 1977.

7. A detailed description of the polychromatic X-ray stress analysis system is presented in the Proc. 25th

~agamore Materials Conference , 1976, U.S.A.

The tour of the HRL revealed the usual equipment which has become familiar in tours of a series of steel
companies, ship building companies and electrical companies. The concerns are with welding, fracture (especially
in large sections), corrosion , corrosion fatigue cracking and fatigue cracking. Taking the tour in order , the follow-
ing weta seen:

Corrosion tests for the BWR plant. Five loops are available. One loop tests SCC under various conditions of
flow (0.3 1 1mm ), temperat ure (to 300°C) and percentage of oxygen in the water (0-36 ppm). Another loop tests
for general corrosion. Other loops introduce variables such as temperature , pH, the proportions of oxidizing and
reducing species, and differential pressure. One system tests for general corrosion in high temperature water and
the effects of electrochemical potential on this high temperature corrosion.

The usual 1000 ton machine for study of low-cycle fatigue was seen. Tests are being run at 1/3 scale, 3-5
cpm, u~ to 20 kg/mm2. The current tests are for water turbine components. A 2800 ton test rig is used to study
delayed fracture in welds, lamellar tearing, hot cracking and stress-relief tracking. The same rig tests for defect
influences and fr acture toughness in brittle fracture . A rigid restraint weld cracking tester measures the stresses
developed in welds; the capacity is 400 tons.

The high temperature laboratory has over 140 creep testing machines. Under test are superalloys and other
high-temperature alloys. One machine has a capacity of 50 tons at a temperature of 1380°C. l’his machine is
engaged in tests of Cr-Mo-V steels and stainless steels. Creep-crack growth type tests with fracture mechanics
type specimens .ire underway . Low-cycle high temperature tests are also going on. The interaction of static and
dynamic fatigue is a subject of current study . The available equipment can provide a variety of fatigue-creep load
configurations. Tests can also be conducted in liquid metals.

Stress-corrosion tests of 4” diameter welded pipe were described. These test s are almost id~’ntical to tests
going on (and described previously) at Toshiba Electric Company. Basically the tubes contain water at 290°C aiid
70.75 kg/cm2 pressure. Welds of the pipes are introduced. The pipes are tested in tension and in 4 point bending,
and in fatigue. The material is 304 stainless steel.

The general impression is that HTL is a truly first.class laboratory . Only a fraction of the activity could be
flavored in a one-day visit , but enough could be seen to confirm the excellence of the organization. Fortunately,
there are obvious interactions with the USA underway, not ably with Syracuse University . The interaction of
Hitachi with the Office of Naval Research is certainly worthy of increased emphasis.
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PRODUCTS RESEARCH AND DEVELOPM ENT LABORATORIES
NIPPON STEEL CORPORATION

George Sandoz

There are three central laboratories in the Nippon Steel Corporation which report directly to the President
via a Research and Development Bureau. These are the Funda m ental Research Laboratories . Products Research
and Development Laboratori es and the Process Technology Research and Development Laboratories. In addition
there are research laboratories associated with each of the ten works located throughout Japan (Oita Works .
Nagoya Works , Muroran Works , etc.). Reported here is a visit to the Products Research and Development
Laboratories in Sagamihara City. Kanagawa Prefecture , near Tokyo.

The Products Research and Development Laboratories (PRDL) are divided into two departments , the
Research Department and the Welding Research Center , both of which report to the Director . Dr. Teruo lkeno.
The Research Department is directed by Dr. Shogo Kanazawa. Five laboratories are in this department , and there
are two service groups. These laboratories perform research in the areas described below:

I .  Laboratory I - This laboratory is the thin steel and surface treatment facility. Major interest is in
coatings of tin. iinc, chromium . etc. particularly as related to the canning industry. Substitution of an electro-
plated chromium coating as a substitute for tin is a current goal.

2. Laboratory II This group does app lication research on thick plates and alloy steels. Studies are con-
ducted on corrosion (wet and dry), corrosion fatigue , fracture and weldab iity. The group develops new alloy
steels such as ferritic stainless steels. App lications in mind are plates for ship hulls , bridges and pressure vessels
(both conventiona l and nuclear).

3. l aboratory I ll  This group works on forming of welded joints and rods. Finite element methods are
coup led v ith critical experiments.

4 . Laboratory IV Application research on pipes is the major activity of this group, particularly line
pipes for gas and oil and the problems which develop from low-temper ature service. Nippon Steel makes some of
t h e  largest pipe in the world (48 inch)  and the Oita Works produces p late I S feet wide for forming and welding
into pipe. .Seaniless pipe up to lb  inches in diameter is also produced and is intended for OCTG (Oil (‘ountry
Tooling Goods).

5. Laboratory V This is an analytical group. New techni ques are explored for microch emical analyses
and local chemical analyses , as of inclusions.

The Welding Research (‘enter , which is only a few years old , is organized into four main research depart .
mer its , as f~illows:

I .  Welding Laboratory I This group works to adapt exist ing welding equipment to special weldin g
problems which emerge with new app licat ions.

2. Welding Lahorator ~ II This group works to develop new ty p es  of welding equipment and tech.
ni ques . arid also develops N I )T equipment (X-ray and ultrasonic ) .  Areas of special achievement have been iii
automatic  welding, narrow gap electron beam weldi ng and automatic  scanning NDT (nondestruct ive test ing)  of
welded joints in pipelines.

3. Welding Laboratory I I I  In t h is group the metallurgy of we lding is studied.  Included are studies of
fluxes for submerged arc welding and the s tud y of the fundamentals  of m et al- t iux interact ions.

4 . Welding Laboratory IV This group works with subsidiary companies to develop compatible plate-
welding technique-welding mater i al  systems. It is common b r  the purchasers of steel to include the welding
package in the deal, and Nippon Steel then assumes responsibility for the quali ty of subsidiary weld mater ia l

L 
producers.



The Welding Researc h (‘enter also ru n s a Welder Training (‘enter for companies using Nippon Steel pl at es
amid welding mii ame rials . Over b000 engineers have graduated from t h e  one to six mont h  cniij sc

Following the in t roduc t ion  t it  the org ani /a t ion of PRDL. a t our  of the faci hit ~ ~ as anman ge d  i~ i t l i  N

Taniguchi . an outstanding Senior Research Engineer. The tour revealed 5ome of the  most advanced equ ipmen t  in
the world for  welding methods amid weld testing. It wil l suffice , hopeful ly ,  to  sm n i p ls  in d ic a te  thc r~ pes of t C s t %

amid equipm ent which were oh ’served . as follows:

- In th e analytical laboratory,  a gas chromnatograp hic method for  measuring th e hi~ drt ig ~t i c o n i t e m i t  in
many specimens at the same time was shown.

2. In one laboratory. multip le cantilever beam tests for the h yd roge n -c h ar ged cracking of ~ elds were
underway-Specimens are cathodical ly charged be fore test , amid the specimens contain .i saw-cut mi o tchm .

3. Both dead load amid h y dros ta t ic  weld imp la nt tests are conducted.
4 . Patch tCs ts  l ot  tI n e stud y of the effects of h i g h residual stresses are carried out.
5. Lan n ehl ar tear im i g tests amid su r f a c e  s t r a i i t  tests arc going 0mm .
1,. The Tckken test of the Japanese Railroad Research Itisti t ute to m easure the e f f e c t s  of preheat amid

postheat on weld cracking is used.
7. Simulations of the electri c resistance welding of ptp es a te  done to study the mechanisms of I’ RW and

impros e t lie toughness of t lie j o in t .

~ Both tensile .imid canti levet heamin tests ot susceptahilits t o  cr ~cki mig in hi~ drogen sulfide are don ç. The
conce nt ion of 11 2 S in I lie mitt rogen e m s  i ronmemi I can he com im rolled to 10 ppm. (‘an tilever heani tests are being
phased out in favor of I he comti p ac t t e n  si t  t i n  t r a c t  tire miiech i . t ~i ics sp ecmmemi

0 (‘omn p ac t  t ens ion  f r a c t u r e  uiie~hi .iuii .s tests are being done to produce data  for  the Japan E)SRV (Deep
Sea Rescue Vehi i c !~ ) One t e s t  is und eiss a~ to see i t  there  are d i f f e r ences  in K lscc between I inch and 2 inch
‘ectn ’ns of tine I i )  \i-S( o IS ~~C st ee l s .

10. .
~ er~ haute test cell toom ~ it h  ht u m t d i t s  c ont r o l l e d  at ami~ point betweem i 20 amid ‘45 percent and

t e mpera ture  h et w eei i  — 41) t .mmid + 4 U(  is used t on tes t  lug welding in va r ious atmosp heric conditions. For
e x a m m i p l e . t r opic a l  e i l s m r o m i m n e , i t s  L J i i  he p rod l i Led

II . I mt igue t e s t  t ’q i i i p : : i eml I  in~ lude s  a .~t~ )0 toil . oO()t f cpm sers o t y pe  Saginamya machine used for tests
on w e lded j o ints .

12 A liig hn’speed tmp .t~ I im n a c h n i m i e  ~~ ) i i i  s~’~ 10 kg) is used to test vehicle safety (e.g.. the sides of
.iu t o mnohi le s )

I 3. ~ hig h ene’r es i ,i t e m m n a c h i e n e  is used to t e s t  e f f e c t s  t n t  h ig h extrusion rates.
14 \t.m of nbc usual b r i t t l e  f r a c t u r e  t e s t s  0? 5% e ld s  and fusion lines in plates are conducted. The lab-

oratory te.i ture s one large nia chnmm e sx hj ch  ~. imi app f ~ ~) X )() tons s ta t ic  toad (second largest in Japan)  and 2000 ton
cyclic lo.id at 21) cpmmi. [he inassise t e s t s  are used to test steels for giant new brid ges and off-shore platforms .
ss here !me avs sec t ittiis are mmiv ~ I s e~f

I s  l anieh lar  tear ing tests are co i udu et ed  on stee ls  tip to three inc i tes th ick .  Ltmell ar tearing is a concern
in i l t . i ss ive we lded s i t  t i c t u r e s  i n v o l v i n g  h e a vy sect ions  and rigid cons t ra in t s .

I ~ A great number ot corrosion-fat igue tests of smooth specimens in synthetic seawater are conducted.
I 7. A massive d~’namic tear test (courtes of W . .S. Pelhirmi and F. Lange of NRL) is in operation.
I S . One side , one pass submerged arc weI~ ing equipment is available. This is a notable Japanese

development.
‘4 . N arrow gap MI G welding equipment (from l3at t elle) is available.

20 . Vert i cal  narrow gap MIG welding equipment is in operation.
21 - Sim im p hi t ied elect roslag weld 1m g involving a flit .x c a ted elect rode is done. The I] n ix is on the i ~u I side of

a tube , and the weld ss ire is inserted down t In e tube. Copper chills as the weld sides are used. Vertical welds 10
meters h u g h have been made by this  SFS process.

22. A variety of other welding process equipment was seen . includ ing the VASCON . OSCON and MI SA
processes. VA SCON re fers to automatic  (e.g.. vertical up) arc welding processes wi ’h voltage and current  control.
OSCON refers to au tomat ic  arc welding processe s involving controlled oscillation of the weld ing wire. MIS A
r e f e r s  to submerged arc we ld im ig processes using t ine wire .  ~ number of other  welding processes are in use or
tinder development. l)etai le d descr iptions are available in Nippon Steel br ochures and reports .

23. I xper iment s  in we l d overlay with stainless steel are being conducted.
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The Director of the PRI)l.. I)r. Ikeno , next reviewed some of the history of the orgam niza tion. About six
years ago he visited the LISA to gather background material  so that  lie could better decide what PRI )L should
wor k on. The most i mmm pr ess ive  work i i i  t ine  l I SA accordin g to Ikeno was being done at (. 1 . .S. Steel (M.  I .ig h tne r )
and at NR I .  (F .  L.ange).

U pon returning to Japan . Ike mno organized hits laboratory along the lines of tine ( fo rmer)  IL  S. Steel Labora-
tory  at Monroevill e . The ness phi losop h y w,~s t h a t  it is not emt u ug h to simply produce steel products any more.
Stee l will he used in even mm iore miiassi v e st ru c tures , at hig her at id lower temperatures , amid in new and more corn’-
sive envi ronments . The steel c on ipam iv sh ould the t e to re  it em im iv olve d in am i t ic i pat im i g t in e r e q t i i r em et i t s  of t h e  u s er .
bot h pr esemi t am i d f u t u r e , so t hat a s a t i s f , n c t o r ~ pr oduct  will  he available wh em i needed. It is for this reason t h a t  so
many diverse t’acil it ies have heet i assembled at PR I )L. A n o t h e r  feature  is tha t  all types of imn aterials people are
broug ht together in one laboratory.  providing the mnu l t id i sc ip l i mn ary appr oach to critical proble m s.

I’xam iip l es of tine prob lems the laboratory gets inv ol ved inn are the Al a ska pipeline , t he Nor th  Sea o f f s h o r e
str uctures , and t he construction of tamik er  s i m ips up t m  one umm il h iom i  to i ls . The requirements of this service arc fed
hack to t he laboratory which the m strives for  solutions.  The Alaska pipeline di t ’f lcu lt ies . for exa m ple, could he
at t r ibuted to t h e  use of untrained welders ( d u e  i i i  part  to  union pressures ) .  Time pro h letns were solved by develop-
u n g an automat ic  girt h welding system amid a u t o m a t i c  inspec t  iou r ecording devices.

Tine g i r th  welding procedures have been offe r e d to  the ( amm ad ia n Gas l ine Stud y Limited ,  presumably as an
mmn d i ice ment to use Nippon material. Nippon Steel li , is a p p a r e n t l y  developed some Il 2 S resistant steels which
wo uld he a further a t t ract ion.  There was no d is c u s s iu mm u of the features of these 11,S re s is tami t  steels.

l)r. Ikeno stressed that  cooperative . wor l d-w ide research would be we lco umn e . am id t hat Nippo m t Steel
(‘ompany would exch -amn ge inforn va t kw mee k iii sueh eft~i r t s  1k would appreciate  being comitacted h~ a t m y i i i

terested orgam i i za t io m i s  or individuals .

Fro r t i discussions of spccitlc research act ivi t ies , severa l areas of interest  emerged , as to llos v s

I . Lamell ar tearing this process , ue ferred to previously, is of co ncern in heav y sect i ,i m i welded c omii p tt -
nents amid s t ructures . It ivest igatio n s . pri n cipall y by Dr. S. Kanazawa . have hee t m comt ducted oti aim as sess umi eui t of
la mellar tearing suscept ib i l i t y  of steel plate (11W Doe. IX - 540.73) amid om i l a t i t e l lar  tear res is t ing st ee ls  amid lio s s to
use t h i emi i  ( 11W l)oc IX 573-74). As m i g ht  be expected, l am c u ar tearing tii a~ he red uced by impiove d de s u l tu r m , a .
ion arid rare earth metal ad di t ions.

2. Stu dies of fracture i n i t i a t m o um in nor malized amid cold-worked mill ste e ls amid tI m e related e f f e c t s  of
gra u m m size tin this  process. TI tu s work us due to M . Ogasawara. M. l immo amid h I .  M m n iur a  ( Tran s  J I S  / / No I l ’i ff .
u S  12 No . 4 I ‘4 7 1 J IS 13 No . I . I ‘4 72). Transi t ion temperatures  were lowered wi th  cold work and t l e c te : i smmie
graim i size.

3, S. Kan az aw a reviewed tIme use of vanadium to imii pr ov e proper? es . P ar t  ft i u T , u i  I wel da h i l i  I ’. . t ii ig l i

sirengt h steel at ti n e Vanitec Me ctim ig of 1976.
4 . [lie development of new steels for hi gh hi ~at i nput welding was describ ed .ilso h~ S . K amuaza w a (11W

IX-952.76). Welding fusion zone toug hness is improved by fine t in particles.
S. Kanatawa and oth crs have wr i t t emu  on problems of St res s i chef  c m . i c k m m m g  i i i  h u gh s t i e m i g t h  s t e el  and

sta imu le ss  stee l. (‘ racki ng is located at the pr i or  a t i s t e mn i t i c  gra imi bound ar ies .  I f l e e t s  i t t  al lo imi g e i e m t iemt ts . ume gis ’e mu
(see Ir am is JWS Vol. 7 No . I 1976).

I t . Several PRl ) 1.  investigators . S. Katta,ass a agaimi pri n cip al aut h or , described . t t  the mi d I n t e t n a t i o n a l
Conference on Mater ia l s  in Boston . August . 1976 t ine f rac ture  sate design of welded steel 5? m l i c t u r e s  base on large
sca le tests .

7 . Reports by  S. Kado amid others , appearing iii  Ju ly .  I ~m 7 ~ ( 11W I ) , m e.  X h l I - ”7 I . “7 
~~~~~~ 

) d es c i t h e
im n prove mt t en t s  m it t ime fat igue s t r engt i t  of welds t h m t i m t i g h  1 IG d m ess i iug  amid bs add u t io u t a l  weld m u m u s  ~ t i l t  coated
electrodes. fine ~r ess tm ig a ppears to itmiprov e weld- toe  comit i g uu r a t ion s .

S . N. T ani mg ui ci i m and in t h iers  presented papen oil ‘‘l ) ~ m u _ l i t t l e  i m a i t s i t i t m u m  Hebuas i m m f S t T l i c t l i m a l  S te els ’ and
Ii I cu t Three Point Rend l e s t  for  l ) e m e m h u m m i n g  l t m u t t l e  I i~ l ure l’ im ’ pem t i es ’’ a t t l t v ’ M i t  cli  I I m i t e m m i _ t t  ion _ i l

( ‘ o i m fe rem i c e on I r a ctur e M e e l uam i t es  amid I ec l tmi ~n limg ~ it I l im ing k muii t .  I l ie Im ’ .i -o t m u l u t ~ of i i s u u t g  .1 sl i ,ut p n iac hitm ied slot
mt t ime 1)1 test imustead of the  Ti .elec tron hea mi i cra c k  s m ; u m i e m  is arg it ed l i i i  stee ls  t ip t m  st  m e n e i l i  lese l I I I  ‘lIt
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9. S. Kanazawa and N. Taniguchi submitted a paper on ~Lt ’t’ects of (‘rack Tip I)amnna ge on K IS ( ’( ’ wit h

4340 Steel” to the 3rd ICF in Munic h. The conclusion is that f’atigue precrack load ing levels can have a signi t ica mi t

impac t on the value s of K tsc’ c which are subsequently detern n ined .

In general . the PRDL appears to be a well equipped and well staffe d laboratory . The work going on is very

in’.pressive and could be a model for other steel companies in the world which may wonder at the success of

Nippon Steel.
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FU N DAM ENTAL R ESEARCH LABORATORIES
NIPPON STEEL CORPORATION

George Sandoz

The Fum ida ti nenta l Researc h Laboratories of Nippon Steel Corporation is one of the three “corporat e”
laboratory groups which report to the Presidein t via a Research and Development Bureau. Other laboratories are
in existence with in tine company. hut these are associated with the various Works wh ich are found throug hout
Japan.

The Fundament sl Research Laboratories are located in Kawasaki City. The two other “corporate ” research
laboratories are the Products Research and Development Laboratories (also visited) in Sagami hnara City and t Ine
Process Technology Research and Development Laboratories in Kitakyushu City . Fukuoka.

The Director. l)r. Shimi -ichi Nag a shiima first described sonic of the history. orgatn iz ation amid funct ions  of the
Fundamental  Research Laboratories (FRL). The laboratories began as the Toku o Researc h Ins t i t u t e  of Yawat a
Iron and Steel Institute . Lt~ Nippon Steel , formed by merger to include Yawata Iron and Steel (‘o .. was estab .
lished in March . 1970 . and in November . l~~70 , the present FRL was organized. Th ere are about 270 persons
emn ployed of whom in about 60 percent are professional level. Th ir ty-one , or about ten percent hold doctorates .

The laboratories are organi~ied according to eight functions , as follows:

1. Fundan n enta l  Research Laboratory I St remigt h and t oug hmmi ess.
2. Fundamental  Research Laboratory II - Workability and plasticity.
3. Fundamental Research Laboratory I l l  - Corrosion atid heat resistance.
4 . Fundamental  Research Laborator~ IV - Raw materials and iron nuaking.
5. Fundamental  Researc h Laboratory V Refining and solidification.
6. Fut u da m ental  Research Laborat or Y VI Coati ung amid new nn ater i a ls , including cotniposi le s.
7. Measurement Researchi Laho ia tot ~ Measuren iet it s and deve loptu ent of new re searc h procedure s .
8 . Amnalysis Research Laborator y (‘lieni ica l atid ins t rumenta l  anal y sis .

With these groups t h e  laborato ry per fo r m mis time more Iong .Ierr t u . f u tu re  or iented ,  research of t h e  corp orat i on.
I t wa s stressed , however , tha t  they interpret  the word. “f un da mcm it a h ”  to mean purpose-oriented. h ti gh u - po temi tua l
r esearchn. The s i mini l ar i ty tu u t he  ONR missiotn is apparent , except t h at ONR h a s  a greater va r i e ty  of “purp ose- ~.”

A tour of FRL. comtduct cd by Dr . T. Mura ta .  Sem ui t mr  Researchi Me t a l l u rg ist , was tu ecess au i l y  sh ort becaus e ‘~~
tIme tunic needed for discussions. A variety of au to ui ia ted  ami a l v t i e a l  equiptnent  developed by I - R I .  fo r  suu ~ h i
eleuuients as P. Si. Mn , N . and 0 was observed. Auger amialyses are couiducted , and a device to f r ac tu re  s a t u mp les
w i t h i n  t ime system avu d ds c u m i u t a m i n a t i o m i  of tIne surfaces before analysis. Samples can also he fractured w i t h m i i m  t l te
Auger system at elevated t emn per atures.  This is useful in studies of h o t  duc t i l i t y  amid tem u nper  e t n i h r i t t l e t tnemi t  imu
which con t ami i inarmts r iia~ segregate at elevated t em mupera tures .

[lie h i g h point of tIne tour , h owever, was tine omne ti i i ll ion volt ek ctron i itu icroscope. TIme tuu icuo seo pe wh ic h
it t c~m uu r s e  provide s good resolut ioti is also equipped with  devices to heat and/or defor m ni specimens i i i  gas a t i i u m m s .
p h uet  es up t m m 20-50 I orr .  T h u s  t ine g e m i crat ioum and mtnov e mmmemi t  mi t  def e cts produced by t h ese forces c au m be , ib sem ved
direct ly A taped umm o vie umf  s lm m tic  previous oh servat outs was sh m o wu t . Omme could see t hue in mvetu ie mi t  of d i s hmmc at  i i ’ m is as
ir i ti u s de iorm t m e d As t e t u m p e r a t u r e  imm c rea s ed , t r a t i s f o r t u ua t i omu  t ( i  aus t e t u mt e  was seen . A par t i c le of cenient i te  ssas
ob served to disso lve. a nd the carh omi d i f f u s e d  al omig a d m s l m m c a t i i m m i .  ‘[‘h is us a spectacular mmn ovie im ndced.
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Two ac hi evemmne m nts of m ote are in the refining and un n etal reduction field. Very pure stainless steels and
ferr oc hrom mu ium alloys have been made with a process called metal bearing slag refining (MSR), developed at F R L.
The level of phosp horus in both ferro chro mnn ium and stainless steel can be reduced to 5 ppm by this  process. TIme
process is not in pilot plant stage.

FRL is producing amorp hous metal alloys b y splat cooling and is looking at the possible fields for app hica ’
tion. Tite excellent corros ion ’resistar i ce is con sidered an important  a t t r i bu te .  Laser beams are being used as a
power source for welding, and laser processing techniques to produce amorphous structures are under con sider a~
ti ()n. There were no discussions about part icular  welding app l icatio mn s of lasers .

The individual researchers at FRL are engage d in a wide variety of activities. ii .  Okada . Y. I’Iosoi and S. Abe
have been stud ying stress corrosion cracking of aust enitic stainless steels , and in particular the role of metal
dissolution during SCC in chihoride solution. Fr actogra phic observations of the crack surfaces have been made.
Type 304 and 310 stainless steel fractured t ransgranu l ar ly in boiling MgCI 2 (143 °C). lntergranu l ar  fracture was
found in type 316 stainless. lntergranu l ar fracture was favored by increasing percentages of Mo . app l ied stress
imucrease s and lower test temperatures. Also , according to these authors , Fe and Ni dissolve during SCC. b ut (‘r
does not. A mechanism of cracking based on successive metal slip and metal disolution at the fresh slip fac es is
proposed.

Okada and oth ers have been active in international conferences such as the recent USA .Japan (‘onference
on Passivity and Its Breakdown on Iron and Iron Base Alloys. Okada was co .editor with ONR contractor R.
Staehle of Ohio State University of the proceedings of this conference. Among tine several papers presented by
E :RL investigators were analytical studies of passive films by Auger analysis , stu dies o f t h e tra n sitio ns in fra cture
modes as related to the environment and compostion , and studies of the cathodic reactions at fresh surfaces after
mechanical rupture and the effect of phosphorus thereon. One important  cor ichusion was that  p imosp imorus
increases the hydrogen evolution reaction at fresh surfaces of stainless steels at low pH. Chloride ions mask tIme
e f f ec t s  of hydrogemn . b u t not at h igh strain rates~ thus , cop ious quanti t ies of h ydrogen may occur at crack tips.
These results lend increased signi fica n ce to the efforts of FRL in developing tine new metal  bearing slag refining
process (MSR ) which promises the production of stainless steel of extremel y low phosp h orus content. ‘1

Okada and h -I . Shimada have also studied the fo rmat i ou t of rust oti cold rolled sh eet (Corrosio mn 30 No . 3 ,
1974). Maganese sulfide was coru firt u ied as the source of rust im iit i atiomi . Iii water  o (Mn , Fe) S dissolves mi iost
readily if the solution contains oxygen.  lii hun u id air at 60°C tIne rust for mun at ion  process is cotucluded to he:

I .  dissolution of some a—(Mn . Fe)S ,
2. precipitation of fine colloidal particles of ‘

~ 
Mn 2 03 (Mn 3 04 ) aro uui d the o— (Mn . Fe)S parti cles amid

3. tine ini t iat ion of rust around the fine y — M mn 2 03 (Mn 2 04) pa rticles.

Valuable sumnnaries of tIme corrosio mi behavior of steels and weldable steels have heemi produced also by FRI.
(Nippon Steel Technical Report Overseas No. 8 , May 1976).

Dr. M. Nagum un o reports sonic interes t iumg results on tIne tensile fracture processes of perforated tn i ll steel
sh eet (Acta  Met. 2 / .  1661 . I)ec. 1973). Fracture  did not take place by hole coalescence hut rather by ti n e iu nit i a-
ti on of a shear crack at tIne side of a hole. (‘om inpar i son of the plastic strain energy associated with t u e  growth of
a hole wi th  the p lastic s train energy for  shear cracking produced a criterio u m for tine onset of a sm ear crack. Th is
criter ion proved to he app licable to predicting the effects of sp h erical inclusions .

(‘reep-rupture studies on I tucom i el 6 17 at 1000 °C in heh i u u in h ave been studied by Y. I losoi amid S Abe of
F RE . ( Met Trans . vol. 6A . June 11175) . Oxyge n diminis h es creep-rupture times by dec arhur iz ing tIne steel.  Th ese
a u t h u u  m rs  were very aware of t i me work ot’ l)r. h’. Sh iah in ia n of N R L , an d were iu nfer esl ed in hear ing of Sh ouhi im um a mm ’s
latest  ac t iv i t i e s .
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0. Kommori and others have studied the isolation and chemical analysis of inclusions in steels. A pape r was
presented on this subject to the 1976 Pittsburg hn Conference on Analytica l Chenuistry and App lied Spectroscopy.
March 2 , 1976 (see also JIM /2 No. 2 197 1).

Another achievement at FRL is the developmen t of a Co-free Ni .base superal loy for t u e  II TGR by Y.
Hosoi , N. Shinoda , T. Tsuchj da and M, Sakakibara , The alloy is composed of 18 Cr 15W and 0.5 Mo , wi th  smn all
additions of Y and Zr for improved creep strength. In hne l iunn the alloy mnieets the required creep rupture strength n
of 1 kg/mm 2 for l0~ hours at 1000°C.

N. Nagumo and 1. Takahashi presented a paper on “Hydrogen Embrittleme nt of Sonic Fe-Base Amorphous
Alloys” at the Second International Conference on Rap idly Quenched Metals at MIT . Boston . Nov. 17 . 1975.
Interesting features of the hydroge n embittlement of amorphous metals (from cathodic chiarging) are that  the Cr
in the Fe70 Cr 10 P i3 C, alloy contributes to the high corrosion resistance and minimizes h y drogen permeation.
When hydrogen embrittlement is observed , it proves to be comp letely reversible. Finally the authors indicated
that the diffusion rates of hydrogen in amorp hous alloys are lower than in crystalline alloys.

M. Nagun n o has prepared a paper , “Initiation of Cracks at Delayed Fracture of a Hig h Strength Steel” for
presentation at the 4th International Fracture Conference , Waterloo , Canada . June 1977. Am acoustic emnni ssio mi
technique shows incipient cracking at inclusions and grain boundaries at the roots of stressed notch ies. Tine thres-
hold stress for cracking of stressed cathodica lly ch arged specimens is reduced by soluble nitrogen , and an interac-
tion between soluble nitroge n and hy droge n at grain boundaries is proposed. Increasing soluble nitrogen also
produces a change in fracture mode from transgranu lar to intergranu l ar.

The FRL is engaged in a multitide of oth er research effort s , such as coating . plating and blast furnace tech-
nology. but the above descriptions hopefully indicate the flavor and thrust of FLR.

The overall impression is that  th is is a first-class laborato ry wit h an eye to the future . The laboratories of
Nippon Steel are certainly the equal of cominparable laboratories in the world which have been observed. Tine
scientific leaning of the laboratories coupled with the continued conutnercial success of the corporation suggest
that perhaps sciemice and profitabil i ty are compatible after all.
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TOSHI BA R ESEARCH AND DEVELOPM ENT CEN TER

George Sandoz

The Toshiba Research amid Developm ent Center inn Kawasaki was organized im u to i ts prese mit f ’ortn inn 196 1.
There are approximately 1680 emp loyees at pr e se mmt (double t h e  miumber in 196 1) of wlnonu about 800 are pro-
f ’essional leve l , a nd 100 hno ld doctorates. T u e  center is composed of t cuu specialized laboratories. The labora tor y
visit ed was the Metals amid Cerannics Laboratory,  which is grouped imit o ( I )  electric and magnetic materials . (2 )
s t ructural  minaterials  and (3) cerau mn ics and glasses. Oth er laboratories are concernned with ch i eminicals . electro u n de-
vices , integrated circuits . elect ronn ics eq uipnn ent . information systems , conms umn er products (appliances , radio).
nuclear and electrical engineering, nnechanica l enig i n eeri n g and nnicro wav e el ectro m n ics .

The Metals and Ceramics Laboratory, unde r the direction of Dr , Y . Yoshu ida , is divided i nto six sections.
The Electric and Magnetic Materials group is concerned wit h mnnagnetic , superconducting and electric mu iateria l s.
Tine Structural  Materials Group is comncerned wit h corrosion resista u nt uui etallic n n at er ia l s , hig h te t ui perature metallic
materials , fiber reinforced composite materials , powder tun eta l lurgy amid nuclear reactor mu iaterials.  ,Stress cor-
rosion cracking is a serious conicern of t h is group at present. TIne Met al Processing amid E vahu at iomi  Group evaluates
uru aterials and their processing ami d cou itrol .  TIme Special Cera muu ics  Group looks at cerammiics for  I t ig i i . te mu iper a t u ire
app lications and as ionic conductors. TIme Glass Group studies glass fibers for optical and electronic con imm iu mu ic a -
t io mi as well as glass mna miufact t ur i mn g processes . Finall y,  t ine E l cctr omu ics Cera um nics Group Sf tidies f ’err i tes . p ie/ui -
electric minateria l s . mio n l it iear resistors , su r f aLe  - wa ve materia l s arid tin e [mr (uc ’essirmg and m n a nuf ’act mir inig  of the se
mi naterials.

The visit hegat i wi th  a historical overview of tine organni zation h y Dr. S. Chu iba . subs t i tu t i t u g  for l)r . V .
‘s’osh i id a wino was in t h e  United States at tine time of t h i s  visit ..\ brief ’ titovi c was si m u u wn wh ich im ndi c at e d act ivi t ies
of the organi zation in tIme area of water purificati on ( b y  ozone). uhtraso mi ic d iagumost i c s , ion i t um p l a m m t a t i o t u . li gh t
e m m m i t t i n g diodes , silicon solar cells and in the deve l op um ient  of t ine so—called ‘‘s i l e m mt a l l ov  .“ The l a t t e r  is aim iromu-
base alloy wit h um nusua l ly large dammip imig capacity ami d is tt sef ’ul where unoise amid v ibra t iomi  u m m ust  he suppressed .

Inid i vidual  discussions followed a presentation on NRL .ONR immter e s t s .  M r. M - hl i s l ia d a discussed Som u ue of
m i s  wo rk on stress corrosion cracking of stainless steels , lie is st udy ing t h e  corrosio mi of type 304 stai t u le ss at
constant  strain rate (83 x l0— ~ to I ü— ~ ) iii h iig in te u niperat ture water  (20~

)°C) . Ae cordi u ig to Ih is hi ada . aim acce lerat-
ing env iron m iment such as boiling mn mag m tesiun mn chloride is ru n t predictive 1m m t im e case of ’ b u i g iu t eum m p er a tu m& ’ water  amid
t iieretore time autoclave tests are necessar y . Tine results inidi c at e th i a t  stress c orro s i ia tm c i . i c k i m m e  t ak e s  p lace ouulv
w lnem u two conditions arc satisfied : tIne water  tt t t u s t  conitain dissolved ( m x y e r ’m u , ui m d m lie steel i m i u i s i  be set is u t t i ed -

h ’ it her conditiomi alone does mnot produce cra cking.

h i shi a da hias recentl y spe mut a year m i  t ime t i mmi ted  States stud y imug w i t h  ( f R  commtm . i c t m m t  R ~i .iei m le .ui O hmu o
State Umiive r s i ty.  Th ree papers b y Ilis hi ada (wi t h  h i .  Nak a da )  h ave hec um su b t i t i t  ted to  \ ..\( 1 e mi t  t Ied . ‘‘t ’m m u i s t . i i i  i

St rainm Rate  Testing of Type 304 Sta imn less Steel iii I light l’emim p e rat  nrc Water .” “ Ami I u v e s t  ig at  t m l  of t lie ( ‘h i l o t  ide
Et ’f’ect tm n n Stress (‘orrosion (‘ra c kim ig 1mm ( ‘ m m i u s f a t u t  S t ra im i  1 e s t u t m g  of l’ype ,~ti4 S ta in l e ss  Ste e l  i t t  h i g h I e t i m p e t a t u t r e
Water .’’ a nd ‘‘Critical Cooling Rate of ’ 18(’ r — S N i  Staimil e ss Steel for  S e t i s i t u , a t i nn  u u i d  Suh se qu i euu t  I t i m e u c i a n i u l a
St ress (‘or r o si oun (‘rackim ig  i nn I li g ht ‘l’em m np c ra t u i re  W a te r . ’’

Mr . I . W ata tma h e described current work m u  t Ime  carh ide r eactions i i i  l m e a f - r e s u s t . m m t t  s teels ,  l ie lmump es  to re l a te
u mi u crost r ui ct ural observat louis to pr edict ion s of life .uui d residual l i f e  of na te r ials  i i i  hig hu . m e mmupera t t ire ser % ice
Speci f ic all y .  lie is t rying to e s f i tmmate  ( I )  t Im e effects  of car b ide spac ing m m d  s iz e on creep ra tes  amid ( 2 )  t Ime  e f f ec t s
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of solid solution strengthening of t h e  nnatr i .x , as this is influenced by the effects of alloying elements inn the
nna tr b on carbide solubiity. The prevention of stress corrosion cracking throug h studying the means to imped e
depletion of chiromium in the grain boundary region is also under study.

Watanabe studies in situ each carbide particle with respect to composition and local chemistry, using
X-ray analytical procedures. Carbide morphology is studied by extraction replica techniques. Watanabe was
cautioned that his goals are difficul t to achieve . Predictions of long-term performance on the basis of struct ural
features have been less than totally successful .

Mr . A. Tsuge next described some of the comnipany ’s activities in nitrogen ceramics. The niajor achievement
claimed is a high-strength Si 3N 4 material with a Y 2 03 additive to promote sintering. A flexural strength of 120
ksi at 1400°C is cla m m ed. The mnnateria l can also be water quenched from 1000°C without damage. According to
Tsuge , the addition of ’ rare-earth elements such as yttria and alunu ina to silicon nitride (followed by sintering) is
the secret. Tine rare earth additives increase the high temperature strength of the ceramic material by combining
with Si 3N4 to form Si3N4.Y,03, whuich is very resistant to heat . Tine grain boundary phase in the improved
materials is crystalline , in contrast to the glassy phases which form with MgO additives. The Y 203 additive also
produces a change in fracture mode fronu intergranu lar (with MgO) to transgranu lar at elevated tempera tures.
The new ceramic is expected to have wide app lication in gas turbine blades and vanes , heat exchangers for high
temperature gas reactors , seals in rotary engines , gas bearings and in crucibles for molten metals. Background
nnateria l for this development is published in J. American Ceramic Society 58 No . 7—8 , 323 , l975~ J . Annerican
Ceram ic Society57No .6 , 1974;Toshiba Review No. 92 . July 1974.

The visit conchuded with a visit to the Toshiba Science Institute . This is essentially an elaborate exhibit in-
tended to give the viewer a previe w of the electronic world of the future (TV telep hones , trains without wh eels .
etc.). Toshiba seems to be aggressive , alert , working hard , and generally in tune with the latest in technology
which applies to its interests.
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TOSHIBA H E A V Y  APPARATUS E N G I N E E R I N G  LABORATORY

George Sandoz

i det  time gu i d au mce of NI. Arii .  Manager of the  P lant  amid F qu ip t t i e r i t  Fm i g i nmc e r imi g  I ) e p a r t t t i e i m t  . A t m i m m t i c
I ’m m s i e r  l ) i ~ i s i m m i i  a v i s i t  was m u iad e to t ime Me ta l s  En i g immecri u ig  Group  of t h e  h eavy Appara tus  1 - m ig in e er i t ig  labora-
to ry of I oshib a. Arii was f o r m er ly head of tine I leas~’ A pparat us Un git uc eri ng 1.aboraiors ’ -

fh me ‘. is i t  hega mi wit  Ii a t n u n r of t lie labora tory .  In ca ted at Tsti riu m m i i , Yo koha mn ia . l ’hue I a hi ora to rs’ is cm m m i i  posed
m t several groups. One group st udies ti ne techniques t’or electrical insulation . A second group is itivo ls ’ed wi th

t mn et allurgt ca l em ug ine er ium g. St udies of itut erest im nv olv e S E M  studies of ’ fati gue slri a ti ofl S , acoustic enuiss iomi . / m m i i e
re f im u i u m g eq u ipmt me mi t  arid TIG sve ldim ig deve loped for ul t ra- h ig h precisiot i par ts . ‘N t h ird group is co m i ce rm u ed with
was t t~t a t e r  t r e a t m m m e m n t  em u ginmeering . N fou r t h  group is conc e rumed wi t h  a tonn i c  power e qu i p nl emi t  emiginceri u ig.
h ’ x a mm m p les are:  miio ck -u up of fuel h iarm dhi mi g  dev ice for f ’ast breeder reactor , c lec t ro it iagn et ic  p u t tups  for li q u id soi t i u tum ,
bel lows type v ac u u t mu se ssch s fo r  experim ental  miu clt ’ar fu siot u devices at id tusoe k -up of plas ma experi m ental  devices .
.-N n im t hie r group st tidies electr ical  i mmac h i imi er v emug i mu eer i m u g. Feat tired are aim amneciioic rootmi . h i d  ra oh Ic s~b rat u nit
i t mac l mimme s f o r  cart hiq uak e St ren gt ii t e s t s  amid large t h i r u s t  bea rimi g test l u g  eq u t ip u m m emi t  A lis ’dra ul Ic um mach u i tue ry  c ingi .
mu e e rm um g ~t o u u p f e a t u r e s  a hmi g h i .I u e ad test  s t and  f m mr  punmp ’t u rh i t u es . a t a ta  processor f ’oi imiode l t e s t s  of ’ w a t e r  t u u r ~
hi nes ,un sl .m 5 - .u\us nu m erical ~otitcot t~d murachui tue  to uuuachine tuuuisine blades ol’ precise conl ’igu i iat ic mn .

On t ime  t m ~ uir  an . u s s o r t m n e u m t  of e m u o n u u m m u u s . i i i i p m c s s i m ,e  e q u u p n i e t i t s  were  u bserv i’m t . as f m m h l m m m ,.,’s:

I . -‘ s t e at u t  t urbi u ie generator coil w i mi j i m u g s h io t m . ( , i’iie ,m t m m r s  ( s te am t u t b i m u e ~ to h 000 mil l im i m u 55 . i t t s  n -cr c

se em m iii prod uct k m mi

2 . I ) i rect  c u r r m .’mtt it io t ors  f o r  s hu ipi tme um n O e T s ~’.i s . niostl y to steel c o i t u p a m u i r ’s were seetu in p r m m d u i c t m o m i .  I hu e se
ramm ge i i i  si/c fr o mm m ‘i)( ) to 730() KW . ‘ lu cy were destin ed kit  ~u ch i diver se p laces as (‘re te . \-‘emie , u ue la  am i d (‘levi’-
land . Ohio .

N weld i n g shop was scemi wh ic h produces welded cot i ipot i i ’t i t s  ki m wa te r  t m i r b i u i e s . Stock  t ip  to  0 m m c l i i ’s
t l u ck us . is ‘cu te welded frot tm $0 ku z : ui i m i  2 s teel  h~’ elect r m m s h a g weld u m i g.

4 1 ru i l v  e t . u t u t  w a t e r . t u i r b i t i e  i m i a eh i i um er v  lot h y droe lec t r ic  pi~~’~’r f a c i l i t i e s  were being fabr ica ted .  I l i e n a t e r
n u u r h u u m e s  svei e f a b r i c a t e d  m m t  I percemit  c h m r o m m i i u u m u i  st a im i l ess  s t ee l .

~~, \ Im m s t  w e l d i t u g  is (‘O~ arc welding.  b u t  st m ecia h p r u m h f e t m t s  i m i v m m l v e  MI t , I IG amid elect  mo sha g  w e l m f u m i g  -N -~

\ t c\  I k t a t r t m n  is used t i m  test welds.

N ~t u i d v  of s t r e s s  corrosion crack it ig su scep t ib i l i t y  mi t  304 . 31 ( m , -~ I ( m( ’ amid 4~~ sta i t i l es s steels 55 .1’ i l e scu i f ’ i’d
I L’si s~’m ’ t i m m t i s  t i e  4 m mcii di~u m i t e t e r . S mm m iii t imick u ie ss p i pes c~i u m t a i u u i t t g  t i i i e e .w e l ded  j o i t i t s . I oad s are  e i t h u e m  t e n s i l e .
up t o  ‘

~~ h~~m . m i t  . I . poi ui t  bendi u t g .  l Ime  Pipes con t a in  w a t e r  at  “5 k g e l i 2 p t e s s u u r e  a m i d  2~H) ” ( ’ t e t t i p e t a t u u t e  ( ‘v c l i c
loads .ure mused . . m t ,i r .m te  ( i f  tern to m m m a x m u m i u t t i  ( m m m c i ’ or twice  .i d a y .

\~~~m , i s i~ e t imi s s i m i t u  s t u dies  are be iuig conducted otu larg e I m u l m e  sect l im i t s  wh u ich i  c m m m m t a i t i  a n i a c l m i u m e d  m i m m t c l i .  F l u e
mmo t m ’hi . 3 m i m i i i  wide . I (mmmii  deep amid  l ’ t m i i i i mi s s ide . s u m u m u l a t i ’s s em s ice  c o m m u l m t i o i u s  l i i i  .m feed sva t e m mtim , , l e  of t I m e  h tVm

c i I .i t i g u me loads are r eLi ted to mu m t ch e’. t e m msi on . l ime pa r t i cu la r  t e s t  p u’ cc m m  s e e  it h a d  e mid t ired I I l i f  (t i  1(1
cs cli ’s .ut .i T i m ’ m m f  (m or 7 cp u mi . I lie .ie m m i i ’ , l I c  e n i l s s i m m m i  de tec tor  is  .i I ) uuuu e g a u i  Model I 032 . m m h t a i m i e d  m m m i i i  t h e  1 5  N
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‘N bia xial stress test apparatus amid s pec im u uemm wa s seen. ‘F lue sp e c in uemu is c r u u c i f o r i t i  and co st s  S300() N sass
cut m u otc hi is p laced at various orientat ions wi t hu imi  t Ine  spec i mmue t u ce u mt e r  ‘N creep e,~ge is inserted inn m i m e  mr m t c l i  I h i m ,’
idea is to de t e rn i i ne  wh et h er the  K t ~ 

slip or J - i m u t e g r a h  c r i t e r ia  for f r a c t u r e  apply t i m h i a \ u a l  f u a c i r i r e .

Si uus l ies  of er eep-f ’a t i gue ini t eract ion are underway,  wit h the goal of supp h ~ h u g  e s s e i l t  a l d a ta  f m  r i  t t i e  h - BR a t

I)r , ..N rii serves with Dr. lida imi ’ Tokyo 1 i i i s - e r s i tv  in se t t ing  up an I n t e r m i a t i m i m m a l  Sy i i m p ’ s i i u : r i  i i i  I ‘ k s  1 on
7 Septet uiher 1978 on Crite ria for Se rvice Fr ac tu re  of ’ Welds amid Welded S i r  1k i i .  I r i s  T l t c m ’t i m i g .  s l m m m i i s m m r e d

h~ t h e  Jap a i m Wel d im mg Society and tine Japan Acade m imy of Sciennccs , will f ea tu re  sset ~h i : ’  ‘ r r r e m a l l r m i c s  , is i c i r l  i i i c a i i o i i
s i t  l c f ’ c t ’  amid 1mm-service inspect iom u .

Individual  discussions were arranged on the subjects of stress c o r r i ms i oum c r a c k i n g  of s l . i u i u l c s ’ , steel , I m , i c t u i r e
r r l e J i . u r r rcs and thie application of h ug h strengt h steel ( l I T  80) to t h e  c as u t ig s  m m t  h v d r a u h u m ,  ~~~~~ I l~ ’ s r , hs t .mi r ce
of t i uese disc U s S i s m u t s  follows:

I . Stress corrosion uu f  s tainless steel —Toshiba is imiterested iii shuort  t e r m i m  cu u m u t e r m m i e a s u r e s  t im  i i i  
~

m r r y e

we lding procedures but is also interested 1m m lonig ter uui  countert neasures I or pr o h l em iu s  wh ic h  i m u a y  develop m m  I3WR
p lanits.  l’hu ey are t herefore study i ng stress corrosion cracking in constant  s t ra i m u ra te  t e s t s  and c o m is t di i t  load t e s t s

and are involved in the pipe tests described previously.

Some principal ach u ievenments h ave beet u quan t i t a t ive  ch em ical c iuaracter i t a t i on of s e t i s i m i / a t i o t u . amid t h e  use
of f’lowing wa te r  in the p ipe d uring weldinug (af ter  t lu e first pass ) to produce c m m r r i p i e s s i s e  r e s i d u a l  weld stresses at
t he weld inside the nipe (a short tern u co ummter u i ie as ui re  proposed by l i i i ) ,

Anot h er ac hn ievet une nt  h a s  been flue  deve lo pnuemi t  of ’ weld cladding prior to b u t t  weld i mug of p i pe. T h e  p r m m ~ es\

perumnits  the retention of suff icient  del ta  f e r r i t e  1 m m  i mm u pede  stress corrosion cracki uug and t lie h eat af i ected ioti es
can he solution t reated .

2 . Fracture n mech auui cs T lnis work o r i g i n a t ed  from tests on turbit u e generator rotor forg ings. l ’hues e svet r
spin burst , deep notch u tes t s  a mid K I c  ~~~ Acoustic  emuu ission tn onitoring suggested t h a t  crack growt h ssus  mu i r

always related to the direction mu f u m r a x i m u u u i i u i  s tress . Tests were t imerefore cotu ducted under cond it ionn s m m f  b ia~ nu 1
st r ess , as descr i bed ea rl ie r . Th.~ resu l t s  i mi d i c a te  t h a t  inideed both t h e  values of K 1 and K i t  m u u us t  he eva h u m a t ed  Ii
get t ime t rue fracture resista u tce . hu ec au u s e mite  f law growt h direction is mnot always perpe undic u lar to tIne d i r e c t i m m t
of min a x i m umm n stress.

3 . lheavv thickness  h i g h s t r e i u g t lm  steel f o r  p utii ip casings --- The prit ul ary interest  lucre is for nuclear i u u mtu h ) s
The discussions were on time resista unce ofhigim strengt h steels to crack propagation inn gaseous h nydrm m get i  as wel l as
to oth er sources of em nibr i t t leme n t .

The substance of time in te rests  of ’ t he h eavy App ar afu s  l. .ahoralory is counfa ined in ss’ser :t l  p u i b l i ca t  louts
whmich h ave a ppeared in recenit y ears - l’laui e St r a imm I t u i t  iat b um u of ’ b rif t i e f ’ract nr c i t t  rotor  f ’org imu g s is disc iis sm ,’d i i i

Mccli an le af l3ehi avior of Materials .  Pro , of ’ t Ime 197 1 I t i t e r t i a t  iotial (‘otif ’er enmce om i M ec h uami teal Bei ma vimm r of Mate-
rials . N’m m l ,  V . I 972 , p. 407 . ‘N cor re la t io n  of f ’racture toug htt ue ss by time spimu hur s t  amid deep i m o tch u test  is descri b ed
in Thmeore tical and Applied Mec h anics . 21 . U mmivers i ty  of Tokyo Press I p73 . u n ’  f . i k gu ue  St reuugthu  of lI T 80 spira l
c :ms t in g s  for hydraulic pum u ip .tur hiu ies  is given in 11W Doe. X hII -728 -~4 . Slm ~~ c r , m s k g r t m wt i i  amid a c o u s t i c  em m n i ss iomn
ch aracteristics in tIme COD test are described in Fngi n t ee r in ng Fr zuc t nu re M e c h i a t i n c s  ‘

. S I ( l ’ m  ‘5 1

The I heavy Appara tus  Eimg i n eeri n g laborato ry us ohvio uus ly c um rr e m i t  amid k e em i l s  . 155 ire 1 p i t .  i ml p . m m h l s’ i i is

a nu l tIme sh ort Cm ) iii~ n gs of ’ en rr c nit l ahu r 4u tor y  pred t m , t lye capah il i t t  e m  wi t  hi r i’ spi’ cm m m m,’t a c k ~ i t h r  . l a m mgi ’ s ’ .i ut d
fract  tire.



FURUKAWA ALUMINUM COMPANY

George Sandoz

Furukawa Mum mni nun u Co ., Ltd., is one of the leading aluminium fabricators in Japan. Products are sheet ,
stranded steel-core wire , castings . forgings and extrusions. The Nikko Works produces sheets amid forgings at the
rate of 6000 ton /nnont h and 50 ton/month respec tively. Products are foils , can sheet , painted shneets , circles.
die torgings and free fo 1gings. The eonnpany ranks third in Japan in the domnestic mu n arket for sheets and extrusi mm ns .

Furukawa Alun u inu ir m Coun -ipany derives from tine Furukawa Electric Company, Ltd. , and production began
in 1920. In 1959 a cooperative agreement was made with Alcoa A lun u iu iu um m Connpany. U.S.A . Technical cx-
changes are a part of this agreement. At present Fuu rukawa Aluminum Connpany imports ahu muu inu i m u pig fro mm m
Alcoa of Austra lia.

Develop m ental research activit ies at Nikko are conducted by 7 meta llurgists , 6 che um nica l engineers and 2
nuechanical engineers. Close cooperation with Alcoa permits the staff to focus on research whic hm is imm nportant ,
commnp lements Alcoa research i . and is in keeping wit l s Furukawa ’s capabilities. Five major activities are invalved .
as follows:

1. Packaging aund forming materials - cans , kitc luen utensils , fins (fo r m eat exchangers ) amid foils.

2. Automot ive  products  -body panels for automobiles , automobile wheels , plated a lu m nt nut uu bumpers.

3. Heat exchanger products -vac ouni brazing technology and ultrasonic solderim ig tec h nology .

4. Design and tn anufacturing of structura l  produc ts—upgrading  of hig h s t renmgt h m forgings , welding practice
and materials , highwa y fencing materials toughness.

5. Others electrolytic coloring of Al- Mg-Si alloys. ch uen m mical conversion coat immgs , cold working of Al-Mg-Si
alloys . screw machine stock alloys .

Dr. T. Tanaka , Manager of time Technical Research Sectioun , provided a review of tine above ac t i v i t i e s  wi th

sortie special insig lnt as to current emphmasis. For examp le vacuum bra z iung is heimig ‘developed to overco um ie cer ta lu m
h azards involved inn f lux brazing. Japan was time first to develop vacuuunm bra z iu ug on a co n nnmmiercia l basis. Opt i t i iu i a-
ti on m of bra z ing alloy compositions for vacuu u mi bra zing is a currem i t ef ’fort . I ’ i t t im u g cui rrosio mi au - i d tIme um mea m u s  t i m

protect frontm th u s by cat h odic protection are also being studied. Surface finis h es au nd tIme weld area s are of sp ecial

interest .

Along with oth er a l u mtn inu mm m h ’ahricators in Japan , Furukawa A luui i mim u ut uu is t ry i un g t n  deve lop tine Ah . Zmi ~ Mg
alloy 7003 for s t ructura l  purposes at t hnc s t rengt h level 40 kg/mini 2 . ‘l ’Imi s alloy . wh ich contaimus it o copper . us a lso
at t rac t ive  for its good ex t rudah i h i ty .  App lications for rail coach ro ll iui g stock for  Si u itmk riuu sen bu llet  t ra im i s  220 .
260 ki m /h our) are seen.

The alloy 7003 is , h owever , subject to stress c(nrrosionn cra c kimm g .  amid nai l  a p p h i c a m i m m m u s  d eu mmaund a l i f e  of 30

years. h ’uruk awa research m act ivi t ies  are eX aumii nm i n g every way t o i u mm p r i mve S(’C m s’ Si s t rumiCe miimmm h i f l c a t kmu m of 5’omunpo-

.s i t ium i i , h eat t r ea f u mi e n t  amid design fac tors  to opti i i n iz e t h e  app licat ion of s t r u i c t i i r a h  loads . (‘ a m m t u l e v e m  .NS 1 NI tes t

mite t hi ids are e nmp loyed , a mid com isid era t i m i t t  us give mm t o m  d i rect  ii mm ma l i t  y

‘ii



F uruk awa Alu mmui nuni  produces 7075 T-73 alloys l’orgings for  tine F-86 and Ph amutonm for the Japanese
Defemnse Force . Greater s t rength amnd toughness are a goal of current research. The company also is involved with
forg imngs for  tine um iar ine  amid shi p bui l diumg industry. Exa m ples are pistons , impel lors and superchargers. Furukawa
cam u in and-torge to a diammiet e of 1½ umieters. Fla n ges of this dianme t er were made for the pipes for LNG tanks.
Pistonms c a m n he forged which are 52 inches in diameter and 36 inches hi gh .  These are for inmstallation in 300 ,000
t m m n class tankers.

Wi t h  respect to weldit u g there is need to weld plate 70—80 mmnn i t bn ick.  Rolling stock we ldrmnents for trains are
also ‘a c o tucer m i.  Probhe iuu s of special interest are cracking and poros ity. The addition of ’ Zr to welding electrodes
Iu ’.us been fou mnd e f f ec t i ve  in reducing weld cracking, and the addition of B also refines the structure. Zirconium is
also believed to remove hydrogen. Welding rod containing both u Zr and B , developed at Furukawa Aluminum , is
tioW c omuum n u er c ia l hy  available .

Other currenmt problems are the corrosion of alutmmini .umui alloy guard rail along coastal areas and time produc-
tio un of Al-M g-Si alloys for use in baseball bats and in ski equipments. Furukawa hopes to eliminate the anneal-
imng oper ationm curre m mt ly practiced in the U .S.A. In sumnmm na my , the laboratories at Furukawa Aluminum are trying
to widen tIne app h icatiom us of a lumninunm alloys by the general public as well as by defense and governmental
agencies.

Withi respect to specific research activity. researc h omm Al-Zn-Mg alloys comnmenced in 1960. Production
of K-70 ( -Nl .4 .5 Zn-I .5Mg ) for welded s t r u c t u r e s  started in 1961 . Studies of Al-Zn-M g aUoys for welding
st u ck h eg am m in 1 962. wit h studies on welding practice amid stress corrosion cracking. In 1972 production of the
alloy K 73 (Al -S  .8 Zn-I  .2M g) for  r o l h imig stock , skis and m otorcycle fram u mes began. In 1974 the K74 alloy (Al-
4 . SZtu — 2.0M g) was develop ed as a hm ig i m -s t r emns ’ t h u  A l - / n m - M g ah oy.

An nu ng tIne researchers . T . Tanaka and 1 Sai l h ave hee un by far tine most prolific. A series of articles de-
scribe time stress corrosion cr a cki u u g pr ohh em m m s u m f  Al .  1 mm .  Mc allo y s (see Proc . Japa um Lig h t  Metals Inu s t i t u u te :  19
No . 2 . p. 55 . 1 969 : /9 N o , ~~ . 32 7 . l i m e , I n  \ m m  3~~m m 969: 2 ( 1 N m m , 7 , 327 , 1970 :22 No . 6.40 3, 1972 :25
No , 6 , 214 . 1975. TIne m ain c o mic l u sm m m n s  of I him,’sc i t i s e 5 i  C a t  h m m u s  are as f im ll o w s:

Stress cor ros iomu cra c k iun g I ~( ( I I ’ ss m tse  w i t h  a i u : i r m m m w  precipi tate  free iouuc ami d limier precipitates.

2. Setusitivity to  SC(’ imm ereases wit h Im ow -t eu tip erat uure agimig amid prest r a im ni u u g .

3 . SCC of sh eared edges of welds corre spon ds t i m  SC(’ da ta  m mm i p la tes  subjected to e x ter m na h . umo t residual
stresses, Residual stress cracks do mmot appear at tine h eat affected f m u ne ,

4 , Step agimng increases resistamice to SCC at a give im s ’ rem u g t h i  level in NI .  N I g . / t u  a m , m v s ,

5 . Ro lling reduction increases tIne S(’C resistance of 7075.76 al loy p l . i m es  ( ) r u c m m t , u t  ott  is h i g h l y  si g mii f ic .uui t
( rain h ounnd aries . especially I h ose lyi mng perpendicular tom t In ’ su res t iom u of stress.  p ha s aim iun m p ( mrt aim ! ro ll i i i  S(’(’ ot
7075 al loy.

6. Addit ions of 0 ,1 a/o of Cu. Cr , Ti or Zmm h iu d l i t t l e  e f fect  u u m i  mi te  S(’(’ t e s is ta mm e e s mf A l- 4 ,5 w / 51 lu . 2 .~
)

w/o Mg a l kmy.

‘l ime overall immm p r e s snu tu of time Fu ir t ikawa AI im mmmiii  umnn (‘o um mpam u y at Nikko is t h a t  .i great deal of im nuport  ammt
au t h  p ractical d e ve l opt imemut  is be imig a cc oumipl is h med by nmmi exce ll etu t hu t  m chat  iv elv s u mmal l  s t a l l  . l ’hme m ea somi for t h i s
pr o duc t iv i ty  is tw u mfo ld

There is p n m f i t a b h e  i u i t c ra c t i o u u  wi t h  Alc oa ie ss ’ar c lu .

2.  i ’Ii ere is c u m m n l i i m u ( m u i s  i m t t e r a c t k m m u  w i t h  p r o d u i c t i o u t  peop le i i i  f lue  p h a ui t
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MITSUBISHI METAL RESEARCH INSTITUTE
- 

George Sando z

The M itsubishi  Metal  Research Ins t i tu te  is essentiall y tine corporate research laboratory sni ’ Mitsubishi Metal
Corporation. In 1976 tIne Metal Research Ins t i tu te  ach ieved status as an independent company, but it is evident
t hat organizational ties remai m i.

Mitsubis h i Metal Corporation is a g ian mt cong lou m i erate engaged in immater ia l  ac t ivi t ies  which range from mining
and raw niaterial production to the science of ’ m m metal alloy fabrication, The cominpany specializes in nonferrous
metals and the smelting and refining d e partm m me m nt produces mm neta l s and alloys of Cu , Ph . Zn . Au , Ag and Sn. The
nunetal fabrication depar t nn men t produces a r an~ge of products fronm nonferrous nnetall urgical products to industrial
mmiachinery and even pig mn lents. The Niigata p lant  produces . f ’or example , sintered mactOne parts . oiless l earin g
alloys , metallic filters , sliding electrical contact alloys for trol leys , and sintered m miagnefic Al-Ni-Co mniagnet 3lloys
(Diaunet and Dianmax m m nateria i s).  The Okegawa Plant produces corrosion and m eat resistant Hastel loy . hi.m .i faci ’g
Haynes-Stel lite alloy, high strength bronzes , Monel alloys , chromiun mn .copper conductor material , precision cast-
ings , forgings . and silver brazing alloys. The Ooi plant produces tungsten carbide tools , rock drilling bit s. dia m miond
too l s, dental drill alloys and face m mmdl cutters . The compau y also produces amid processes nuclear fuels and nuclear
reactor alloys (for LWR . HTGR and FBR reactors). Zirca lloy tubing is produced , for ex atnip he , in Okegawa.

The Researc in Inst i tute reflects these wide interests in its research activities, There are groups conc ermned
with ore concentration , chemical and plnysical separation and purification. A nnateriat science group is involved
with physical nneta llurgy , such as electron microscopy to study dislocation loops in creep defornned nickel-base

alloys or the microstructure of hot isostatically pressed powders of superal loys. TIne um neta ls  and alloys group
studies nielting, casting and fabrication of alloys such as nuclear m aterial for NTG R rea ctors and mold m m m a teri a ls
for commtinu ou s casting. This group also studies the joining of Co . Fe , Cu and Al base alloys by such mnieans as
electr oslag welding and vacuunn braz ing. A group is also concerned with coatings and corrosion and stress cor-
rosion of an assortment of alloys. The stress corrosion of nickel base alloys and stainless steels in fu me l gases amid
in ntm olt en salts is an ex a mu mp le. A powder mne t al lurgy group works on problems of sinter - forg ing of pow der umneta l ’
lurgy materials such- i as ti t aniu uin and heat and corrosion resistamnt nicke i .base alloys amid fr ict iomn materials  (fo r
disc brakes , railway brakes , etc.). This group also studies tIme details of wear amid f racture processes u n  ce u n n e m uted
carbide tool materials (TiC and WC in cobalt). Other groups work with fine ceramics such as Ni-C u f ’er rite s for
mm m~gnito strict ive vibrators (whmic in are claimed to operate well under inigh pressure) . ul t rapure t un ater ia l s  ‘amid Sm ’t i i i-

conductor materials such as GaAs. Th ere are also studies of n u clear fuel amid nuclear  absor h em m u nater ia l s . cx ’
tractive mineta ll urgy. pollution technology and analytical tech nologies.

A tour of the Metal Research Inst i tute  was conducted u n d e r  ti - ic guu ida unce of l)r , \‘ . Mae l Ime usu al , m s s u u t
u i i en u t of nmachinery f’or testing fatigue , imnupact  amid tensile strengt h was seen. Th ere w:u s also a u t t a c h n i i i e  t i m  t cs t
wear and an Erichsen cup test to assess m mm eta l fornnahi h ity. A very extemmsive c t m hl e c t h m u m o mf c o r r os i o mmm amid st res s
corrosion testing equipmnent was observed. For exannp le t h ere were mium ui erous aut (mc l ave s for tes t in tg  m m  h i g h
teniperature - h igh pressure water and also ho uop -test facilities under h nig i n - te u nnper a t u i re .  Ini g hi .p re ssure s~at cr  co ii
ditions . Al loys under test arc 1-lastelloy, Incon el , Monm el and z irca lloy. This ’ speci nnm e mms are n t m m s t l \  I .h emm d ., mmd
smooth-tensile , in addition to the tube amid pipe-flow tests .

Wet corrosion tests inchude the rotating disk type to stua l v ve hmc it ~’ e f f e c t s , j et i u inp im m g e iuu emnt  t e st s to s tudy
erosionn 0)1 Cu-base alloys (Al-h mro nm i es)  iii seawater , sa lt spray tes t s  I for  Al a l loys ) , st ress c u m r n ( m s i ( m m m  test s I s m u i m u o m t i i

specimens in moist air , a mm nnmo u nia and ho ih imu g 52 percent m u uagnesi t mmuu c h mhor i u te )  wct-d r~ cs-eli ’ t e s t s  in seawats ’m amid
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an ultraviolet wet-dry -sunshnine test cha innber. Th ere is also aim ultrasoni c cavitation test facil i ty.  As a finale to the
tour , the Shimadzu SMX.50 X-ray diffraction stress analyser was shown. The machinery was bulky compared to
the equip mnment developed by Cohien and Jant ies at Nort h western University under ONR contract.

In technical discussions , Dr. H. Doi , Director of the Powder Metallurgy Division described some work (with
Y . Shimnaniki and M . Masui) on variations of the composition of the 

~~
‘ phiase in tine Ni-base superalloy Udinn iet

520 with agin g temperature. At 800°C there is an arresting of coarsening of the ~r ’ phase at about 50 hours. This
is not observed at higher or lower temperatures. Doi explains this as a depletion of Al and Ti in the Cr-rich region
around the particles which occurs at 800°C and 50 hours (see Scripta Met 10 805 (1976)).

Dr. Y. Mae described studies onm the e ffects of ten mnperature and cross rolling on Ti-Al-2 .5Sn and Ti-6Al-4V
alloys. The experinnents involved straigh t and cross rolling in the beta range followed by either straight or cross
rolling in the alpha + beta range . The effects on the tensile properties , hardness anisotropy and texture were
exannined. The conclusion was that the most uniform mn properties are obtained b y cross rolling in the al pha + beta
range , irrespective of the initial working procedure in the beta range.

Dr. Mae has also described a method of preventing edge cracking during the rolling of aluminum alloys , by
attaching a more ductile material ~n the edges of the slab before rolling (Jr. Light Metals 26 No. 6 , 1976).

huu mportant papers by Dr. H . Doi and others have appeared in Proceedings of the 1976 Powder Metallurgy
Conference , sponsored by the Metal Powder Industries Federation and tine Annerican Powder Metallurgy Inst i tute.
In one paper the strengt h ening of cermn el binder phase through precipitation of interu n eta ll ic com pounds is de-
scribed. The str ength i em iing throug h u ltra fIn e grain carbide generation is promising for tine eventual application of
cernm ’iets in mni ach ining operatiouns now requiring hig hn-speed steels. The fine-grain cerniet would resist wear amid
reduce the teumdency of the tool to weld to the mn eta l being niachined. In the ot lmer paper. hot forg ing of powder
nneta l products without the usual intermediate sintering step is proposed.

The two most interesti n g obscrvat ioins m ade during the visit concerned ite m s whic h could m o )  be discussed
in detail , for understandable reasons. First , there are tests going on of Zun-hase and Al-base sacrificial anode inuate-
rials. Obviously, these developments are intended for a inigh,l y competitive nnarket , and the details of coum nposition
and structure are under study to enable the conmipany to conumpete successfully. Secondly. there h a s  been a de-
ve lopment ot ’ Cr-base alloys which is mnost attractive . Timese Cr-base alloys are resistant to bothi ni tr ic  and hnyd r o-
cim loric acids. They can be hot-forged and hn ot -ro hl ed up to 30 percent. It appears th erefore t h a t  a m e w  class of
alloys has h ee mm developed which niay be very usefu l for certain app lications , and uinay h ave real i tn iportance to time
U.S . Navy despite prob lenns with chro mmuiun i availability.
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OP ERATION CHE RR Y BLOSSOM TRI P TO J APAN AN D HAWAI I

Arnet L. Powell

INTRODUCTION

A trip was uum dertaken on 5—1 4 January 1977 to escort three top U m ni ted States h ig h School Science Fair
Winners on a tour of Japan and Hawaii. One of time s tudents was tIne Navy winner amid tine others had received
corresponding Air Force and Arnmy awards. The tour is known as tine (‘m erry Blossom Award or Operation (‘h erry
Bhossomii and is sponsored by the Uni ted States Army. Thne U .S. students were invited to tIme Japanese Scie umce Fair
Awards Pr o gramun inn Tokyo to receive additional prizes fro um n time Japanmese g o vermm u nie m nt.  Time 1. / S . Arm u n y m u made t ine
necessary arrange mnnents for the various events in Japan and provided lineal t ranspor ta t ion with staff cars and nu ini -
b uses. Visits were paid to the American Embassy , the ONR Tokyo Branmch Office , two centers of scientific amnd
t echmmml ogica l interest , ami d several general sig h ts eei n g an d sh mopp ing tr i ps were tunmder take u n.  Twin addit iona l  days
were spent in Kyoto to which city the group was transported by a bullet  t ra in  of the Japanese National Railways.
In Hawaii t he st ude n ts an d escorts were accor d ed a b r ie f resp ite befo re ret urni m m g to their hi mu ui es ,  in t h ue nmma te r ia l
th at follows the tour will he reported in a chnrono logical m i nam i ner .

CHERRY BLOSSOM TOUR PRELIMINARIES

Tine trip began for all of us wit h i the  U.S. Ar mm ny Research Office in I ) ur i na um m , North (‘aro h i n a . forwardi n g
cou m m iniunicati o mis on passpu mrt amid visa pnun cedures , inn nnuni ia t ion s , custotr u s , i t im i era n i es , :m ir h in e sch edules , amid
advice on what to pack and take wi th  us . Ti-ic Army i nsisted t h a t  we receive all im i oc u lations reqm u ired by t h e
military for the Japan area. Obtaimming a Japa mnese visa was a ins ist . All fli gint reservations and Ins - itch h ookimigs wer e
made by tIne Ar um ny Researc h Office b y Anne Tay lor. t ine Ar u mmy Project Officer for  O per :ttiom m (‘h en r y ili ossom ui .
w ho proved to he an invaluable foummtain hi ead of advice amid informrtat io u m . All fli gh t s  were scb tedu lc d for S Jant uary
so that  we could rendezvous in the Si n crato mn Hotel at Los Angeles Airport oti t ime eveni m ng be f ore  et u nharkaf iomu to
Japan -

I left B imston on Wed u mesd ay,  5 Ja m uu i ary  o u m a 12 mn oon Ammmerica mu Air h i u nes fli g h t  to I.os Angeles. ‘I ’hme w e a t h e r
in ht ( n sf o m - was l air  and cold . Wh at I feared umm o s t  did m u t  occur:  a u mmajor  sumo w St ormt m t h a t  m uu ig ht have ca used time t i m

miss tine i i mmpor t au nt  get—f o m gethner at LOS Angeles Airpor t  , lii fact , it a i m mu m m sf  I mappe m med to (‘‘ a rm ul  I ,cvau n sh uis k i of

Scietuce Service w inu unnissed lien phatne am l)u ll es Airport  hec aus e m m smmow i i i  t hue Was h iuig t (imi . I) .( ‘ . a r e a  - I I ~~ ~~~ ~‘

s h e  was t ’uu r t u i nate  to catc h a n o t h e r  f l ight t h a t  hamuded h e r  inn (‘ zu l i f umnu t i a  iii mi t e  l a t e  a f m e n u u o m o u n  i mf  J a u m u a r v  5 t h . \s
it tur u ued out , a ll t h ree stuude u mts  and all t h ree escorts muna de it to I _ os An gele s , . \ u i b m m m u I i i i  f l u me t ( m  m u m e e f  f m m u  s h u m u u u s ’u

th at evenimng ‘amid get acqua inmfed  bef ’on re de p ar t i tm g  f o r  I mmk ~~um (mum flue fm m hi o ss i ui g a i u e i t u o ( ’ um .

l ’ hu e O per a t h mnn ( ‘ h i e r r y  Bk mss mm u n group c m u ts m ste d  m m t  t Ime f m m l l m m w m u i g  pe m p le:

Muss K are u m Sue M i kkehs om m I r ou m’ u m’ iuuno ’r (18 l i O n  m m 101)
Sami I)ieg m . (‘a h ifor u mia S c i e n t i f i c  i m m u m ’ ; e su \t~’~Ii c i tu e  i m i m h  I h e a l t h u

Robert J . i’a r t y ka \ ai - - ui ’immer (18  u i - arm u luI )
(‘oi ui u mm h u i s , Ohio Scis’ muf i f i c  i u m t e m  u ’st I mu g imu e c m im ug amid R , m dj o lm m u ’ s

J m n I m m m II , R t uu t i tch s - I in I-~ r, u ‘ l o t Ion  ‘r (1  (m I ’ m ‘ 1Jns m/ ,/ I
I( at m u m h~im ti g e . I i  m u u l s i . l u u , i  ‘mm ’ i m ’ i u t  i i  i m i i i ’? m s t  \ l . m i  h e m  .m t u~ in t l  ( I mn ’ n u u i s t  u s

-- — -  - .‘ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Ms. Carol Levandoski Science Service Representative and escort
Science Service , Inc. Works with the I nuternat i o nal Science Fair ,
Washington , D.C .

Mr. Mutsuya Matsumoto Army escort
U.S. Army Research amid Standardization Group Fornmerhy with time U .S. Arm y R&D Group . Tok yo .
London , England whu i chn closed a year ago .

Dr. Arnet L. Powell Nays ’ escort/observer
Chief Scientist Traveled in Japan om m ONR assign u imemits on t w o  m t lien
Boston Branch Office occasions ,
Office of Naval Research

TOKYO ACT IVITIES

On the eve of departure from Los Angeles , a be lt of t i i umiderstorm i is mu u ( mved into t ime  area with a c c o mm m pa ni y -
ing lightning and heavy rains. At least two airplanes were struck by lightn ing dur i i mg the evening and one of these .
an Air New Zealand aircra ft bound for Ta hiti , was damaged sufficiently to requi r e i ts  re turn to the airport. It
was still raining the next afternoon when the Operation (ul er r y Blossonm group hoarded Pan Am erican I :lig m nt
Three for Tokyo . We took off half an hour hate at 2:30 pin , on a hO- l / 2 - h m ur  non-stop flig ht tip tine Pacific
Coast and over the Aleutian Islan ds to Japan. About fi fteen mm ninutes sir so ‘after hec omn ing airborne , while passing
through a cloud bank , we experienced a shnarp static discharge ( nun t h e  righ t wing. A few u mi i nmu tes  la ter  af ter  visua l
inspection for possible damnmage , the pilot announced over tine public address syste m nm t h a t  t hme r e appeared t i m he no
daitiage and Inc would proceed to Tokyo. This we diii , am -i d w i t h o u t  fur ther  incident  arrived at h ianneda Airport
at 6: 15 p.nn . on January seventh , having lost twent y -four h ours by crtnssing the I r t ternna miu mnia b I ) at c L inne. flu e
temperature was 47°F . and the weather was clear as we were unmet by U .S. Armum y Comm m n m n’ami d cars and a m i ni u mi b ums
froni Camp Zannia to take us to the Hotel Sanno in the Akasaka Section of Tokyo . TIme Sannn o , as ti m e t),S . m m i ili .
rary billeting faci l i ty i n t he ar ea , provided a conven uie nmt amid relativ ely inm expenm sive place f m i r  t ine Op erai i inn Cherry
Blossonn group o stay d uri n g its week u n  Tokyo.

The next day, 8 January , being a Saturday, was utilized for shopping and sightseeing. T h e  weat h er was very
fine , relatively mild and with no snow on the ground . Time group was nnnef at the Saum nt n Hotel by two Arm m iy s t a h i
cars and we were off first to tIme Asakusa district to visit the famous sh mr im ne and its a t te m ndamm t facil i t ies , as we ll as
to shop at the li t t le stores amnd bazaars in the area, It was extremnely hel pfu l to all of us t h a t  Mr. Muts tuya  M :m tsui .
unnoto , t lne U.S . Ar um ny escort , am - i d Mrs. Helenne Fuji ta  of tine U .S. Art m ny Public Aft ’airs Office at Ca m mup Zam m na weme
wit h us to act as interpreters and guides .

The day proved to be very instructive and pr inti fab le for s tudents  am i d escinrts al ike.  Manny pi cf tires were
take u n . and as was the case throughout tIne entire tour , U .S. A rmn iy photographiers were present to rec snrd tIme
vari tnus events and hnappe mnings. We all enjoyed f ry ing  time bea m cuurd cimokies amid rice crackers whic h were availa b le
at time small stands inn Asa kuus a . L~it e r m m  the u mm o r u iing we were driven to t ine Winr ld Trade h3s m il d im m g . a very uii m mu herni
sk yscra per oii tIme 40th f ls n m nr u m f  whic h a glass-enclosed c( mm n e ourse provides str iking views of tine c i t y  of 1( n k V o m .
At te r cmnj o y i mng t h is experience for a h~: ml f-h our or sin , we repaired t i n t ine h a s cu mien i t  of ’ t ime hu i l di u mg to take  I iumich m i i i

a sn ial l Japa mnese r e stauramnt.  It was au niusung to wat ch tine young pe np le struggle wi t h  ch opsti cks finn t h e  i u i s t
t u n i C  hut  t h e y  were ganme amid learned rather rapidl y .  ily the fimmie t ime week was over t h ey were ui ea r l v as pr u mf i c i e u i t
as tine natives.

In time aftern o nn we were dri venu to the (dri ia h t i i  dk f not vis i t  a m i v  m l  tIme big dep a r t tmm e m nt  s t m m t e s  I nus t ea d . to e
shopped at the Oriemit a l  Ba ,aar which of ’f~red ‘a p it t p ourri mt ’ ch oices , a smmma ll  in u m p orf  s store amid a f ’a iu u k m t i s  Pa 11.
anese km ~ sh op. I s t i l l  cati see amid ii e:ur ( lie l i t t l e  teddy hear aund h i s  d numu mm on one of tIm e t i m h i  f loors t h e r e  mum uis t

F have been a pt nw erfu i ba t t e ry  im i side i m i mim s i n u m ic w h mere f or  time iwaf we ui f  omi amid n i t  -

i \ I t er  ‘a b r ief ’ r e t t i r n u  t m t h e  S_ m in i m l i n t e l  t i m  de h n u is i t  a m i m ( n u m m i l a u u i  i t t  p im t ch i a s i ’s . M m , M a t s u u t u u m u t o  , miiul  ~l t s .
h - m u t u t , m  c s cmnrte d ums t i m  .m r m m k v m m  ie sfau ira ui t f i m a t f m ’.i t m ure ui pork ruml l i i i  sev eral  s . m u i e t i e s . l i m m i t e sh m m c m ’ . m i n I i’ahb ,ug e
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sa lad . It was a very crowded place hut  so u mie h mow the t u i a n ag en iue nm r kept t rac k of time people co nt u ing iii au md mti am zm-
ta m mme l prop er seati ng order ,  Ait im o nug hi mine fou umd hu inms el t  r a t  h e r  c r & mwd e d w i uemm lie f im ia l l y  reached f l u e  l i t t l e  stn~ l~
at t ime  big U-shaped couniter . t he hnod pr unv ed to he exce h lemit  and reas uuu mabl y priced . lii  t Ime evem u ing.  t ime s tudet u t
amid Carol Levandoski wem it to a Japamnese discot h eque une a r t ime Satumno w hu ic i u  f e a t u r e d  a local c u m m u i h o  d o i mm g - \ i t i e ~-

L icau i couuitr y music. Simnce uu my mnwmi tee mnagers pnnvide t u e  withu en onu g lm c a c o phm ( mmu u mu s umoise of s i m mn i i. u r mia ture  at
h io u mm e , I begged off for the ev en inug to go to bed early amid h elp cure nmy jet lag.

line highlig ht of the visit to Japan was time Jap ani St udent  Science Awards cere umn m um ~ amid hun eh meo um wh ic h
was lucid at m no o mntim m ne on Sunday, 5) January.  at tIme h i uxur i s mus  Kekn Plaza Hotel  j un Tokyo . Th is a ffair was a ver s
large nine at whn.icln tine top wi m n u mers in middle schuool amnd Ini gh n sein im ol science fairs t’r uu m i a ll over J apa u -i were in vited
to receive recogniti omi lint t in eir ac h nievem im em nts. The Amunerican s tudents  were th e inn ly foreigners invited to l iar .
tici pate a mid tin receive awards. Japa mnese r inyal ty ,  i n tIme perso ins of ’ P ri u mce amid Princess h it achi , were invited t i m

t ime lumic h meomi amid took part in the awa rds program it. Pn inuce Hitac h i is time second s om m of h : t um per u mr Ih t r obu i t o  and .
like hmi ~ f a t ine r , is a i ri arimn e biologist. The Pri n cess is a very lovel y an-id well educated lady. for m erly a commit m nofler
we were imnfo r mmied.

At the appointed tin e , oUr group was led fromnu a receptioim roo mm i where we m a d  hee u m waitinmg t (n tine eni sur-
minus banquet hall filled wit h tables represenntinng co m n n niuun i ties f rom all parts of Japan. Over 500 Japanese stu-
demits were in attendance , dressed in time t radi t io n nal  dark blue student unif i ur mm ms. Tlnere were somine vaca m n t tables
tnccashn ned by absences brough t about by imeavy snow f ah t s tin the nort h and west of tIme Tokyo area. Tine h ead
table was very long ‘and f’ac ed tine m nuain cntr amnce to time hatuquet  h ail wh ere the Prince and Princess were tin enter
amid exit . A sy u imp inony orch estra was seated at t im e  ri gh t  (mi t e  ( ‘Inan mnel .1 ‘l’V Orch estra . spounsored by a 1 u m k yim
m mew sp ap er).  TIne fable  itself was set i i i  Wesier u m sty le wi t h  ku i ives , forks . am -id spo onus. l’ime ituemmu a m i d p r (ngrat u t s .
Im u nweven . were em nt i re l~’ m i  Japa mnese . Fac ln p lace at t Ine table had a card idem ’i t i f v i m u g  t ime inccupamit  amid only t h ose
befor e tim e .Anmer icai ms were in F z ngi is h . In f a c t , the oni y A n me r ica ns s~aicd at time imead table were Major St rach iat u .
Ch ief mmf Public Af l ’airs . U n i t e d  States Ar i u t y .  J apa tu :  Mrs . h i e leun e Fuji ta . of h i s  office ; and t ine  t h ree escorts , ‘flue
t inree li u mited States Scie nce h air  wimu ni ers were knc ated at a special r snu m nd table im mnnedi a te ly  u n  I rou t of the Am u ue u  -

icans,

Wi meit t ime t m mm c canni e f ir ( lie im ri r uc s~ aui d I’niu u 5 ’css tum j uu i n m t ine gro up, time m i m a i iu  doors tin tine m all were closed
briefl y.  U p inmi a mi snte f ’ro ui m t ime mn r ch mes f r a , t h ey were reopen ied amid t ine royal couple eimtered wi t h  th eir re t inue .
Th e  Primmce was dressed in a dark  blue husi mness su uit  amid f lue  Princess wi)re a m elegiu nu t gre enm k iniomm u n.  All prese nt
in the r ( ni m nm stood amid clapped t h eir hn a m n ds umi f i l  t ime Primic e amnd Pr imicess were seated iii special ch ai rs  at t ime
cente r of time ine ad table . ‘fhere were several sh ort . c crem u i omu ia l  speec h e s  hef inrc time lum i c hn eomi was served : as suite
wou ld expect , t ime enmtire affa ir was c in m iduicted iii Japauicse amid Fu ig h ishu was m ui nt sp inkemm at  all .  A f t e r  a f irst c u mur s e
of ’ a seafoind cocktail  and a secu nnn d omme i i i  soup. at us h jmis t as tine u mm aiu m c (nurse was b eimig served , t h e  I~r e se mn tat  m u
iii awards i’m mt uuummennce d . M uc h i ( m m mur  surpr i se t hue ‘s iu meri c: un st ud euu is  wc m e called fi t  St amid som u me of ’ us mnearh y mnuiss e ul
t ime impe in- t ace  sami dwic hnes that  were he inug (nffered just  t h m e m u  m y f l u e  w h mite - g lunved wai te rs .  Our represeuntaf ives  c o u m u -
ported th iemn m se l ves well. h u nwimig ver y Properl Y ‘as 11me v passed be fu nr e t ime  n o s a l  coup le. i - o h h o w i m n g  t l m i s , t h e  Jap au ie se
st tide m it s were rec ogm i ized , schn i.nol h y sdi oi ml , sviu ic h u took a b u g  mi t t  me d mini ung wIt uc h u t I ne  lii a I cm mum si’s of I hue u t i ca
were served , a f r uit cup amid af ter  tha t  s o uu u ethmimmg that  ue s e um m i n l ed  a slice u m f  jelly r u nl l  -‘st t u e  veny em u d glasses m u t

(m r :i nt ge juice were de livered am i d . u m n u a signal , we a ll s tuum ud an d Ii m ast ~ d time wi t u un e rs ,

I ‘in lk mwimu g th ese proceedings wit ic h u h a d  s’o mm su l ii ue ( i f lu e  bet ter  part m I t W o  m him nit s . we si crc s ii tm ; e c t  ed to .i

m m md c rat ely ii mnng speech nun mmmcm Cm mnnk mgy a m d  weat h er pat fermi  s i i i  ,t a p ;u mi . ‘l ’h ue ta lk  was f o l i o  iss emh b~ t ime m em i d u t m u
mu I t W t m  pie m ’es by tIme  sy itnp ln n n my orc h mest na : Select io u m s f r i  mmmi Joh ia mini St ra mus s  amid Sihe h i  is ’ I - i m n ia tud ia - I - u mally  , ( mum
si g i m u l  f m m m i  f l u e  m m r e i m e s t r a , we all  stood ;um i d clapped l m : m u u m t s  . i t a i m u  is thus ’ it ni n ic m ’ ; m nm ui  Pm cuc e s s ose r u m m u m  t i i s’u s e m i s ,
l e f t  t h e  ta i nle and des eemided k m t ime n m a imi  tl mor t o mn ui mm g le w i t h u  hue st m u i h e m u t s , I hu e  first talked wit i t mite aIl _ Ja I i .u u m

~ri/(’ wi ummier . .m g i n l  w h o  h a d  c m n m m d i u c t e d  a st u dy of h m i h c r m m a f i o t i  m nf  t ad p m l e s . a s u b j e c t  ss i i mch i  u n b v u u m u i s I ~ f a s c i m u a t e u f
Prince h i tac h i ‘ T h e  r i m v a h  couple aiso comnvensed ii: s’ m ’ry t ’r i e m ud l v  l a s b i o m m u  w i t h  m’au , li  um i  t I me ( i S, S~- i et t ce I - m i t  , i w , m u m l -
Cs’s . e s i m ih i t in ig  imuferes t  imu t h e i r  p nm nje c ts  a mn s h t h em carcet a s h m u t , i t i m m u t s , l ine s t u md t ’t i t s  t i e rs’ cita r tumed i\ t i t u s  e~ p erm ’
e t iLs ’ a t ni l  were great ly  i mimpres se ul  w i t h  t ime I’nim i cess  i l m m s ’u mc v in i’ng ii s h u, S humurt l y aff u ’r mi n im c o u u s e u s , m t h m u u s  w i t h  l i i i

\uu m erk a nn h i g h schi ( m ( n l s t mj de i mt s , t h e  l’n im i ce an t i  l’t u u u m e s s  sicue e s c m m u t i ’d t~~mm mu t h e  u m i m m t , i  m mmd t h i s ’ . i w , u i u I ~ h t i t u s ’ h m c m m u m

was o m s s ’r We ret ui r umed b r ie f l y  i t t  tI me sattue res’epti m mu u too tmi tie were u n s’,m u hi e r mm order t h u  t ht i ’ t - S s t u u d e m u t s
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nnighm t receive congratulations from Japan Science Fair officials. Gift s were ais in Inres emuted to the wim m mmers  and to
all othue r s in the US, group.

Jamnuary 10th was set aside as a day to visit tine Ammiericami Emu ihassy.  (‘a unip Zam m i a , and a scientif ic researc in
institute.  At tine Embassy . the group first visited the ONR ‘l ’ m n kyo Of ’flce wh ere we were welcomed b y l)r. Msnrtsnn
Bertin , Scientifi c Director , amnd Eunice Mohri , his As hum nimmistrat ive Assistant. Time group t h em m m net wit h Min i ster
Thnonnas P. Sho csnnit im . Deputy Chnief of Mission in the A m nner ica m u Emm nba ssy. who discussed wit in each of the three
students h i s  or h e r  scientific interests and future career asp irationis. We also uiiet briefl y wit h t i e  NSF and ERDA
scientific representatives in Tokyo.

After  lunc h at tine hi mn n ba ssv cafeteria , the group. mnc!uding Dr. Bertin and Miss Mohri , traveled t ( m (‘a mm np
Zamuua in a m inibus provided by the U.S . Ar m nny. Here we mm nade a courtesy call omn Lieutenant General J . R .Gut h i r ie .
Con inn mnandimig General . U .S. Forces . Japa u m and Okinawa . and visited tine Public Affairs  0111cc. We were the n driven
tin t ime Mitsu b ishni .Kas e i Ins t i t u t e  of l.ife Sciences whicbn is located in a wsnoded area neam Tokv u . Th is I a b i m m r a t o r y
was established recently by time M itsu h isini (‘orporation t n  conduct a broad pr o grau mn inf basic researc h in time life
sciences, Additionally, tine results inht a ined will he utilized by immdustry  at -id it is h oped t h a t  tIme pr ( m g rau m n will prim ’
vide a truly eff ’ecti~e nnodel for inn dustria l  amid academin i c cooperation. TIme innsmi tu t e  was f ’su r tun ia t e  iii h eim ig able t i m
engage Dr . Fujio Egami , whu sn retired f’rom mn the University of Tokyo at just the right tim e , as l) irector.

Dr. E gam mui h a s  organi ied m i s  smvera ll prog r am mi to coimtr ibutc to time adva m ncetuie nu t of tine life scie unccs t h roug h
use of the ph ysical sciences . amns h to prom note the welfare of mn ankinid by it ni provemenmt s in ummedical u rea muun emmt .
env i r onm inentah preservati oumi and industrial technology . In order tin achieve t h ese objectives , lie establis h ed time
following depar t m nments :  ( I )  General Life Sciences , aimed mm nain ly at researc h iii h iopoly uu ner s amid cells ; ( 2 )  N euro-
science . wit h-i the objective of s fudyinng brain and nerve functions by physical science tec immi i ques: ( 3 )  Eu iviro mn .
um nental Lif ’e Sciences , to protect amid preserve tIne enviro m nm m ncnt : and (4) Special Researc h . for a var ie ty  snf selected
proj ects of acad em ic and inthnsti ial ‘in terest ,

1)r . Fmz a iun i , umi for tu m mately ,  was n nint present wh en time grotip visited tine Mitsu b is hmi -Ka se i I m u s t i m u f e . l)r. i l i r ins h ni
Kawau mm ura . h ead , Lahi nratory of Neur t np hi ys kn kngy, am -id Mr . Ka tsu hii ko Matsu mn ot o , ( ‘h id of this ’ Researc h (‘o-
inr dination Depart u inent . greeted ti - ic guests and provided a brief general exp lanat io r m of tine mn i s si ( nmi of time in-
stitute ansi its ou m goi nu g researc h pr og ranms. We were Omen taken on a rat hner hn asty to u t oil mime lah u nr a tories  amid
hea rd som u ne br ie f exp i anat i ouns of researc h in progress 0mm t lu er tmuo p hi i l ic bacteria , m neu ro scie ui ce . u ieu r op h mysi m n l ogv .
hioc h uem u n i cal reacti snn ms , h io catal ysis . and pre p arative orgam ic c hn e mu uis t ry  amid b ioc l ne tnnis t r v .

[.eavi ng 1mm t he late ai ’ter mmoon for tine Saumno h otel , we were treate sl to a first- h and ex :m uui p le oil t ime i nonr i mr s
in! ’ ‘l’u nk y i u  tra ftic, Tine freeways inmt o m amid in time city cani imndeed hecom u ne ‘ t i me loungest park utug lots i i i  mIne  w uu r l s l .’’

‘l’iue elevent h ( nf Ja i tuar y  was ton he tIne last slay u t  Tokyin hef ’ore tine operatio m n (‘h en ry Rlo iss m n um i gu oump
traveled to K y m n t u n  m u  a bul le t  h ai t i  f o n t  a two-day visim to t h a t  area. At 10:30 a , mnn.  we were pick e d tip liv t ime
U S . A nu mi y  u m u i m m i h u s  ton be shriven m u m l’ok y n  (‘emitra l Rai lway Statiomi . I3cf ’ nr e h oardiun g tine traimi . we were t i m  he
accord csh time rat im cr rare privilege u m f  v isit iu mg t I me Geuneral  (‘omit  n i l  (‘ cu ter  for  S h mimm k a u mse ui . f lue stiper express b u h l s’t
t r a i u i s .  Suu uce l) r .  h i e r t i u m ima d m imu t  bcs’ui ‘able to visit t h i s  f a c i l i t y ,  hue f i ~ nk advanta ge  of ’ t h i s  ( u p p o r t u i u m i f v  amid cauu ie
a hm nmi g  w i t h  m s

At I I a ii m.  t h e  g r iunp  was ui si i er e sh im it o a c onmfer eu i s’e r o nommm m n u u t s i d e  t ime G emueral  (‘o n t u o u l (‘ cu te r  i tu m I t e  ( ‘e t u t r a l
R a i l w a y  S t : i t u u m u u  whe re m u m  m m t f l m ’i ’ al  u I ’ t ime Japanese N a t u i mm i . i l  R a i h v ~av s ils— scru bies l  b r ie f ly  t ime  o m h l e t : u t i m i m i  oi l  t h i s ’ (‘ cmi .
t ra l i , s’d I : u I h m~ (‘ou m mtroh ( ( ‘  I (‘ ) , A u presenit . time Sh mi m n k a m nse m n ex te t i u l s  t r o m i m u  Tokyo t i m Ilaka t ,m Sm .o t io i m m iii h’ ui k iuiik:m ,
k m. mus hu m i Isl umumi , a uIisi. i tm ~e o u t  l i t t o t m  k u u m ,  ‘h ’ wom types in f su m u i em e \ p t m ’m.s t i.uuui s a t e  m n hner.i t l’ol - t i m  “I hik , uu u ’’ i t ui l  t his’
‘‘K m m d ;uu u m.m ‘ f lu e  l a t t e r  u miake s  imm u re s t on ps ;  iii  bot h cases tIme t t u a x u u t u u t t u m  speed attaimme (h us .~ I t )  k m m u ’ h ur  ( a h n i m i i t  I , i )

i iu i ic s  pen i u m n u u n ) .  i o n  ,m s s l i t s ’ safe  u mp e r a t i om i  m l ’ thm s ’sc t ra imi s , aim . u i u t o m m m a t i c , s’ o m u m p u i f e r i i e u l  t r a f f i c  m’i mt i tt mil s\ s t euu i  is

uiss ’m l - All d i sp .mt s ’i t i t ig am id c muu n t u m m hh im mg ou t ’ (lie btmlle t tra i mns is carried m i t t  , mt  t i m e  G emu e r . uh  (‘mm ui f mi uh (‘cu ter mu I m m k v m m
(‘emi tr :ih S t ’ a t io m u i . Itt th u s cem iter th ere is a hu ng ind ica t in g  h iau m el  m i m i  w h u i c h m  this ’ e nt i re  rm uum tm ’ oil this ’ b u llet uu , m uuu s tm~-

twe emi h m m k y o  .m u mui  I I , u k . m t , u  is u s ’ c m m t m l e d , l ime t ra imi  d i spate l ters  s’m ut is iatm ilv w,m tciu this ’ im h i s .ma t um mi m m l )  o’oc ht tu , u i n mimi this ’
i u md is ’a t im ug  p o u c h ‘s 5o ’t u t n a h i i s ’il t i , i f t i c  c mm mm t rn l  panel is lm iL m tm .’sl i h i r e s’l h v  i mu f u i m m u t  m i t  mimi ’ mt uih i c.u t ui m e hm a mm s ’l ssh i i4 ’ii
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controls remotely all switches and signals along the route. A variety of saf ’ety devices are incorporated tin preve mnt
collisions and overruning of trains , to provide waiting periods for the faster trains to pass , and thne like , all auto .
ntuat ica lly control led. Seisnnographi c devices are installed at various points on the route win icin auto um naticall y stop
the trains if an earthquake achnieves a rating &nf 3 on the Japan scale (4-5 Richter). Despite tine dependeunce tnn
automation , two mmiotom en are assigned to each train who can) assunne manual control if required. Comu mmunica-
tio nm s are established at all times with time trains by radio and wayside telephone. It is possible to conumiunicate
freely wit h the motornian or comnductor at any timnne , and in case of emergency, tine necessary instructions can be
transmitted at once. The control systemm m has worked very well to date an d t h is swift . modern train service has
become a mu nodel for worldwide emmmu la tion. Recent statistics released by Japanese National Railways show ih iat
about 430,000 passengers per day are transported on t l e  bullet trains , the one bi liio m n passenger m u nark was passed
last May and the trains are earning 1. 3 billion yen a day.

VISIT TO KYOTO

After this pleasant and informunative visit to the General Comntro l Center . the Operation Ch erry Blosso umm
Group, which now comprised tine three students , tIne th nree escorts , Mrs. Fujita , amid an Ar um ny p h otograp h er .
boarded a Hikari train . This train departed from Tokyo at 12:36 p.m. and arrived at Kyoto about t h ree hours
later , having nmade onl y a single intermediate stop at Nagoya. The train was clean and cin u n - iforta hl e and time ride
was relativel y smnoot hu . We ate lunch in the dining car and found the food to he tasty and satisfying.

After disenubarking at Kyoto City Station , we engaged two taxis to take us to time Rakufoso Inn ( l n u u of
th e three Sisters), which is situated near the garden of tIne l’leian Shrimme. Th is inoste lry was arrumnged in tI m e style
of a Japanese Inn withn tatami rmnats , sliding shoj i doors , and sleeping arrangem u ments on time floor. Shoes h ad to
be remnoved at tine door before entering the inn. Breakfast was served in a special roo uu n on tine first floor wh ere
one sat crosslegged on pillows at a low table. linus the three U.S. students were provided wit in the experiemmce of ’
living under unnore traditional Japamnese conditions . which they appeared to enjoy. After unloading our luggage and
changing our ciotines, we hurried off to dinner at time famous Minokichni restaurant in Kyoto before takimng a
Japanese night tour of the city.

This nig h t  tour was an unusual experience which woul d not ordinarily he available to Western tourists.
Without time prese mnce of Mrs. Fujita and Mr . Matsunnoto , we would not have been able tin take it. The tour started
from a termnin al used onl y by the Japanese ; tine seats on f he bus were f oo small for Westerners (espcs’ia ily ( mmmc of
my proportions ), all oth er persons in the group were Japanese and the tour guide spoke only in that lamnguage .

We went to three dif f e r en t  places. The first of these was the Gion Corner Theater where we were escorted
to an auditorium at the top of tine h tmi lding which was unheated , freezing cold , and agai mm with seats designed
for orientals. A brief sh ow of perhaps 10 min inutes durationu was staged by one apprcnf ice Geish a (Maiko) wino per-
fo rmed a few routines of two different traditional dances. We timen left the theater , reboarded the bus m d  traveled
to a very m id  part of Kyoto wh ere we were inf ’or mn me d t inat we would see time real Geish a performt i . After wahk inug
through sounue dark alleys, the visitors were ushered into a smmna ll theater which once mmnore h a d  narrinw . u m mnc i n m um-
fortable seats. Here a rather corpulent , mmnidd le-aged Geish a , who Mrs. Fujita stated had been declared a “Living
National Treasure ,” per f’ornned a brief version of the tea ceremony witin tIne aid of a young Ma iko and a vol-
unteer fro m tIme audience . Alter t h is perform mmance she canine dowmn the center aisle tin demonstrate m o w  the (;emsha
mnnust walk wit h a lahinred , sweepinug mim o t k nn wimen wearing fin e larg e. h u g h wotu den clogs. We were also imm fort u med
that it takes about six hn ours for a Geisha to dress . im nc lud u m m g t h ree hours to do up Iner h air. Jo inn Runnels amid
Bob Partyka remn u ar k ed to nne that  the Geishas were a “ripo ff” and certainly not what thuey expected. I mnh serv e d
that  most Americans hnave ann erroneous concept of t h e s e  entertainers ,

Finally, for time last eve mnt of time evening, we hoarded tine bus ommc e muore and were drive m n to a Il tid sihn i st
tcnnp le winere we m a d  to rem um ove our slmines before entering ti m e premises. TIne group was escorted to a large ri n mmmm
where , kneeling on tatau n n i mn n ats . we received green tea prepared in another versi omn of time tea c er em nnt n ny . ‘r lue
liquid inn the cups rcsennnh ied so um uew h uat tine grec un se mim u m seen on stagunamut ponds iii tine suu mmunner t iumie am ns h probably
didn ’t t aste mmmtmc i n better.  Fa t in m g time t r a d i t i mm nal  suga r cookies before sipping (hue tea did h e l p to soumu e ex t en t  i n
u mua kinmg time p o r ( imn n more palatable. Me a mmw h mihe . a yo u ng itti ddhist priest . w it h close cr inppe d h air amid wea n ing
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religious garb , gave a long speech on the history of his temp le , the tea ceremony, and other related matters in
Japanese . Evidently h i s  sense of humo r was remarkable , jud ging b y the rather frequent gales of laughter emanat-
ing fro mm i the Japanese in attendance . Unfortunately, since neither the discourse nor the jokes were understand-
ab le kn the Ammienicans present , and the interior of the temp le was quite cold , we were glad when the evening
ended with a brief mmnusica l perfor m ance . This concert was provided by two traditionall y dressed girls on the koto .
time ancient Japammese thirteen-stringed instrument which is played in a horizontal position on the floor.

Time nue xt day, 12  January , was set aside for sightseeing and shopping in Kyoto fln r the benef it of the three
students . It m a d  been decided earlier to omit Nara from the itinerary because there was so much to see and do
i n K yoto , After breakfast at the Inn of the Three Sisters , the Cherry Blossom group boarded a bus for the morn-
ing tour mnf Kyot mn . This ti )ur encompassed visits to three important historic and cultural sites: Nij o Castle , the
Golden Pavilion Temple , and the Old Imperial Palace . Nijo Castle , which was the shogun ’s (generalissimo or
dictator) residence in the old capital city was impressive with its old-style architecture , lavish room mm s and rich
paintings. Especially entertaining was the so-called “nightingale floor ” which chirps like a flock of birds when
walked over and served to warn the shogun of the approach of a possible assassin,

The Golden Pavilion Tenunp le , which was the second stop of the trip, presents a trul y beautiful view as the
gold-painted three-story structure is mirrored in the pond on which it bo rders. Orig inally a pavilion on the estate
of a retired Ashnikaga shogun , it later became a Zen buddhist tennp h c . The pavilion is an exact rep lica of the
original which was destroyed by a fire in 1955 . Thi s is a marvelous spot to take pictures and all of us took ad-
vantage of tine opportunity.

A visit to the Old Inu mpe n ial Palace completed the morning itinera ry. This extensive group of very old build-
ings constituted the emperor ’s residence when Kyoto was the capital of Japan. It is used very little t unday except
for a f ew state occasions such as a coronation. The garden and the grounds are very attractive amid it is am m other
excellent site for photography.

The afternoon of this day was spent entirely in shopping. Tine Kyoto Handicrafts Center . w inic hu was sit-
uated near our inn , was patronized iueavi ly. Later tine group went into the center of tine city tn visit add i t i m u m nal
shops.

On tine evening of thuis date , I took the opportunmity to have dinner wit h nniy old friend Dr. At suyoshi Oinno
and his fam ily. I first met the Oinnos when I came to Japan in 1 962 and became reacquai u ited wit ln (m cm i in the
mni idd le sixties when Dr. Ohns came to Cambridge , Massachusetts , and umnde r took two yea r s of postdocto ra l
winrk at M .I.T. Dr. Ohno was instrumental in organizing t u e  tour of Japan timat h miiade in the late su umim n i er of l~)72
for ONR. He is presently serving as Associate Professor of Chemistry at Kyoto University.

On the final ninorning in Kyoto , 13 Janua r y, we breakfasted early and rus h ed off to visit two famn ui n s us te m mip les
be~ ire re turning to Tokyo on ti -ic 11:05 a.m . bullet train.  TIne first of t h ese  was Nanzen-ji and is ( mmmc of ’ t h me best
kmnown Rinzai Zen tem ples in Japan. It has a famous stone garden wh ich is sinm n et iuii e s called time “Leapimng Ti ger
Garden” because of the shuape of one of the rocks. The second teuu mp le we visited is knownu as Kiyommnitu amid i t

enjoys a strikingly scenic setting on the t n p  of a high s hill. Tu e te u mip ie h a s  ma u m y umniquely beautiful  hui l dimmgs am nd
is fanmous for its pure spring water t h a t  one m m nay drink fro iuu hong- h andled dippers which act is su pposed to eu nst u r e
a long and happy life . As we canine down from u n Kiyo mniizu to ret u nm n t t n the  l m m nu it began to snow, i ’hu e smnow comu-
t inued as we bundled inito taxis to gin to Kyoto City Railway St a t ioum amid became rat lner h eavy h,el ’m nre we arn ives i
there ,  However , the m ai m rapidl y left ti m e stormy sec tunr amid time re turn to Tok yo took place n mma imm l y m m f a i r  w ea thier ,

After a few hiours at tIne Sanmu ( n Hotel for final shnmnppimng forays and to pack our bags . ( hue Ar umiv cars t m m o k
us to hi aneda Airport  for a 0) 30 p.nn . departure for H awaii , Major St rac lnan , Mrs. Fuj i f a , Mr. M a f s u m m m u m m t m m . and a
U.S . Ar uniy pin otographer acconmnipani c d us . It was lucre we said goodbye to our f’riemnd s I rtnmu n tIme A n umu v amid Say-
onara to Japan as we inched our way through time very long sect urity him - ic t i m (nun Nort h west Oriemu t Flig h t ( on hh omm m om-
lu lu.
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HAWAII FINALE

The night flight to Hawaii was smooth and uneventfu l except that the water system on the planne was not
functioning. The flight crew ’s response to thu: ~ problem was to provide cans of soda in the lavoratories for wash-
ing. A not unpleasant deodorant wh en mixed with soap ’ After arriva l in Honolulu in the morning (still  13 Jan ’
uary, thanks to the lnternat ip na l Date line), we mumanaged to get by a rather testy custonis inspector , albeit with-
out any real prob lemmns , and taxied to our hotel.

The stop in Hawaii provided an opportunity for the students anJ escorts to recuperate from the rath er
hectic Japan tour, Time group was billeted in a Waikiki hotel where they were able to enjoy the beach and other
local attractions. On the morning of 14 January , the students were taken on a tour of Pearl Harbor , which in-
cluded a visit to the Arizona Memorial. Later in the day the group drove around the island of Oahu in a ca r
provided by Science Service. At 8 p.m . on that evening, we said our final alohas as the three students and Carol
Levandoski departed for Honolulu International Airport enroute to their various homes. I stayed on a few days
to see what I could do to persuade the Navy at Pearl Harbor to arrange Science Cruiser Awards in Hawai i for
Continental U .S. Science Fair winners , commencing in the spring or summer of 1977 . I made this contact on
17 Janua r y, and in the light of subsequent events , if appears that I was successful and that  Science Cruiser Awards
will indeed begin th is year. 
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IN DIAN INSTITUTES OF TECHNOLOGY
DELHI . KANPUR , MADRAS

Leslie S. G. Kovasznay

After imudepeundence t h ere was a niovenmient in India to strength u en education in emngimneering and related fields
by setting up by a numu n ber of institutions. Hel p fronn industrially nnore advanced countries was sought and ob-
tained. Finally a total of five Indian Institutes of Techmno logy (lIT) were created . eachn assisted by a different
country or international organization. lIT . Delhi received assistance fronn Britain , lIT , Kanpur  from tine Um nited
States . lIT , Bombay from the USSR and lIT , Kharagpur fromin UNESCO. The foreign hel p included both capital
equip ul ent and visiting faculty in tine first few years ; tine buildings were constructed fronn Indian funds amid time
permanent faculty is . of course , Indian. I was able to visit th ree of thie five Ill’s, namely, those in Delhi , Kanpur
amnd Madras , Since tIne period of intense involvennent by the assisting foreign countries is essentially over , it is
interesting to observe m o w  lasting is the influence of the different foreign sponsors.

First , lIT , Delhi was visited. It was established inn 196 1 as ann autonomous statutory organization. TIne
Indian government accorded it wit h powers to forn-i its own degrees. Co l labora t iomm with the United Kingdom is
operative primarily throug h the Imperial College in London and u n  addition some oth er Britis h universities are
also involved. There is a standing comniittee , the Imperial College Delhi Committee in London. It acts as a group
of consultants to the Bnitish u Government and also it provides for arm academic imnt eraction between I C .  London
and lI T . Delhi. Recently tI n e com mittee was enlarged to include represenntatives of tine University of B ir mm ming hann ,
Leeds L.oughborough , Manchester , Southampton in order to provide a wider basis for academnic cohl aboratio mn.
Quite recently . lIT , Delhi established collaboration with a European institution outside of Britain , nam m ne ly with
ET II . the Swiss Federal Institute of Technology , Zurich , but this is only in one field (Biochemical Engineering ).

The total enro linient of lIT , Delhi is about 2 ,000 students , a little more than one h alf of them under-
graduates and among the graduate students about 470 are enrolled in progranns leading to the Ph.D. TI’me cam u ip t us
is located outside of De lhni prope r in South Delhi about 15-20 kni from tine central portion of the capital. Like
many sin-milar institutions in India it is a “ residential institution ” meaning that t inere is sufficient do nm ni itory space
provided to house all students. Also tinere are faculty residences for most of the faculty members as well for at
least some of the supporting staff. In view of the relatively low salary levels inn I ndia . housimng is a very iurm portant
component of the staff remuneration. Dormitories are rather essential for most students as t h ey could not live
economically on their  own and commuting from the city of Delhi is ni - it very practical either ,  Thne lmmst i tu te
provides a self contained community for both faculty and students wit ln recreational facilities . etc. Time ca m pus is
spacious and h andsome.

lIT , Delhi being a tec h nologically oriented institution , has sommie iunmnovat i ve ka tm m res  th at eun n p liasui e ri me role
of science and technology must play in a developing couumtry hike India. Tinere are m l ’  ndiscip l i mm ar v sch ools such as
the Scimool of Energy Studies , School of Material Science and Techum ology . School of Sysleun is amid Manmagem mne uu t.
In addition there are a nnun mher of researc h projects in areas such as Solid State i)evices amn si lmnte g rated (‘u rc u it s ,
Laser Application and Tech nology . Food P rocessimng amnd Preservation . Ecology . Maintenance E migi mn e en ing. ami d
Tribology . In spite of’ t h ese new interdisciplinary schosmls , tIme t radi t ional  dcpar (nnenmta l s t ructu m r e  is also
nnaintained. Re m ’s’nt ly an Industria l Consulfan cy and Liaison Centre (l. (’ .l..C.) was establis h ed u n  (under to tinder-
take comprehensive development projects both for government and industry.
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I mu t ine l ) e p a n t u u m e m u t  suf A pp lied M ec inaunics . Professor R. (‘ . Maihiotra is directing a piknt phamnt study fmnr time
hy drau l ic  t r ami spor ta t ion  of bauxi te  ore, Tine s tudy of tine rheohs gicah pro perties o f  t h e  bauxi te  ore slurry plays a
central rok to t h ese technno logie s. ‘r Ime pnm -ije ct was unmotivated by tine interest im a possible mi- iethod t o o  t ransport
bauxite  snn e for a distannce sit’ 73 kmnn frsnm n t h e  m nun un t aimn ous mn — m e area tsn tine west coast of l mmdia for fur t i nen
p rocessim n g it i nto alu m unimia.  .‘\ systematic study imm a 5 cmnm diamumeter  and 60 m I su ing pipe isnsup pnmnvides enough of’ tIne

data omn time relevant fluid mec h n aumical properties j un order to decide whether or mn ot sucii a t ransport  would he 1)0th
t echunica l ly arid e c imnu m mnuuica ll y feasible , Inn add it ion of this  rather applied project. t h ere is basic fluid mec luamnical
research tu m id er tIme directioun of Prsnt ’essonr Moll u otra. Swirling flows in ducts are beimng explored b y l)rs. D. S.
Kum ar  amid K . L. K uu mn ar  annd imu c ou n m n e ctionn wi t h  th i s  project progress was mniade in th ree component velocity
mineas uremn i ents by tine h o t  wire a mmeu mm o m nieter deve ls ped by K . L. Kunnar  and A. K. Rag hava. During uuuy visit to
lIT , Dcliii , Dr. K. K. ( ‘lnaud hm ary was mr m y guide amid t lnroug im him I also’ learned about som e imnt ere st iumg devekn p~
men ts inn Biomn iedica l Eng ineering. (Professor 1. K. Ghm ose is in charge.) TIne project was successful jun developimig a
unn i m nia t une  pressure tramnsducer  for tine direct nneas uurennen t of cerehro .sp m nna l fluid pressure. Because o f  this’ small
size and proper chisnice of the u m aten ia ls . im nmng t i m m ne imn u p lantati on appears f’easihle. Amno ti ier imnterest ing biominedi cal
project is t Ine deve lopm ii emmt of a t ransducer to mnieasune time oviductal dianmueter.  A ga inn (hue aim is to p er mn n i f  loung
terum i imp l amntatisnmn of a device t h at is smn iall and m onmocclusive. India has a popu latiomu prob lcmmi Sin ‘‘F . P . ’’ ( F amnn i l
Pl anmning) h a s  a prs uuninent  role in t ine  t h nim i kir n g i f  nmamny scientists , consequently reseanc ln aim u med at s i - im mne aspect
of t lne hnum mu un repr mnduct ory syste m nn as well as imns t rumn ne mnta t io n i  t s any sucin research eff m nrt  is quite popular. Wl iemn
rea mh ing tine list  of Im hn .D. t ineses iii Applied Mechnanics. I was intrigued b y tine t i t le  Abdul Mateemn A i nmnued
“Reversible Occ lusioum of ’ time v:ms defer emus. ” I was u mma hls’ to secure a copy hu t  I u innders t an ud th at a smumah l  ohm ’vu ~’s’ wa~
actt mahl y imnnp lam i t s’d 1 m m sh eep amnd tIme wh ole pr m uje c t  was llmnamnced by W h O  (World i l ea l t h u  Orgamm iz at k n m n ) .

h ere it may he appropriate to munake omie brief cs-iumn mil emnt on ludian umam u nes. As sonic cou immonn n au nmes keep
re peating such as: Msmrthy. Kum niar , Rao . Guipta.  Si n gin . Ja m . etc., tine cm -m eet immitiahs (tmsua ll y t h ey h ave two )  are
p aramounf for posi t ive id cm n t i i ic atio n n ot ’ someone. 1mm Son m uuh India where the local languages are of a q i mits ’ differ-
ent on igimm (Dravid ian languages instead i f  t Ine Sanscn it based ones of the Nor t h ) the c o mutusis - i m n is fur ther  c nm mn -
pounded by the c iustounu t i  Inave only omme namine (a giveum mu anme ) (h at is comn ip l e teh y di f f’eremnt t’rom m n the father ’s.
These pes-iple . w hm emn going ah rmnad. ot ’temm adopt ext ra  imn i t ia ls  amid finally rile y enud up using t h e i r  original  given .
nauune like a famu nihy naune in tIme Umnited States.

Whmen visi u nm g di f fere u n t  laboratories of ’ tit u id m unec h uam iu cs . omie notices t h at t ine uisu ah quest for “socially
re l evammt ’’ proi ects us quite evidemnt am - id it results  in som uu e kind of wind pinwer project at just  about ever y imus t i t t u t i omu
I have ynsi ted.  Of cinurse eum ergv is a mu m ajsn r p n iuhh e m mn itt rural lmndia and their effort  is qu i t e  just i f ie d.  In rural  house-
m olds time prumm c ipa l  ftue l for  cin onkinng is csn~i du m m ug dried amid stmnred for fiuture muse . hun t ime rai m my seasomn tine price
ium cre ases as co n l hectmumg amid dryiun g heco u m nes umearly imu ipossib l e. Wsno d is p n inhn ih i t iv el y ex pem i smv e. Dturimng u m ny vusit m m
D eh ium 100 k g ( 220 I b )  hir e~~onsn d cost $4.00. Wimud p smwe r four ru m ral e lectr ici ty 0 0mm a um m i mdesf  seals’. am least for pummup-
imng water ,  us for s’mun ms t i mi ev er  m mmc ’s mni immd.  (‘ mt m p l ed wi t h  t i m e re la t ively  hig hu s’x p eums s’ for  mnneta l  p ar ts  ami d especially
for nmua s ’tu inm e d p arts . this’ p ractu e:ml -. ‘mu is to  hi ui l d  vs undm m ui l l s  t h a t  caun he locall y pr oshum c ed i mn t ine c ih lage w i t i u  umo
“c u f v  boug h ’ ’  p ar ts  ontuts i de t ime u u m a m m u  shna t t  ammd two  be a n imm gs . l ’Iue p r e f e rmem l  cl m m uice . at least h~- t ime e x p e n i m m m e u n t e m s
I imave unmet , is ver t ical  s h a f t  w u m u d m u n i l l s . tnu ,’ca um se t h e s e  are simnip le r (un o gear b imx us uuc e desh ).  l u c y  .0 m m ’ u :ss’d s u u n m e t i m u u s ’s

m m  .m comumb unna t ii mum wu m I m aunot i nen set o ut ’ b lad es in order  to pro houei ’ hni giu er s tar t  uumg b u m  quo ’ at loss si iu md spm ’m’m f s ( h h ave
seem i c a m u v a s  sail t~ pe of blades ,ot I - I Sc. B a m ug ; mlo r e  aimmms ’d at  uu m a k imug a g mos l 51. 1 u t i mm u t ( m u m  qus’ 1.

I t  s h u i mu ml d  be ummemi ( i o n m n e m l t h mat  I l l ’ , Dehi mi  s t i l l  m u u a u m u f a i u u s  elo is e ties w i t l u  ub ms ’ I 1 .K a mid  e . :mhm ~ ‘ a m m i u e r m ’ au m ’ ah otmt
I S  academmiic v u s u ! i m r s  t ’u o u t i  t ime  t~. K. s p e mmdiu mg a f ew weeks at l IT .  l) e l hmi .  I n n a d m l u m i o m u r  . ib0 u out  h o — f  2 f i u t u j o m u  t’a 0 u u h t ~

mnnem i i h ens ( u u u m i ’ t h  a s s i s u a n m t  p n on t e s s ons f  are hei mmg ss ’mut to ’ the  t. I .K . . ty p ic a l l ~ h o u r  .u six m u u o u m m t h m  st .u ~ i t  u u a m n u u r c  amud
researc h .

IN l ) I tN I N S !  111. 1 1 - OF TECi lNO ( x ;\ . K. -\N l’L ’R

r hu m ’ m- a n mu p mus o i l  I I I . k a n p u m r  is lo um ’ateol far ouu us u de ont  t h u s ’  0 u u %  ~~~ K . um npuu  aum o t ut us .m o u m m u u p lm ’ m e h s  s - l t .0  i i u u t , m u m m c d
co mim u uuut i i t y .  K an m upmur  is ,o dcvs’l ompumu g i m n m h m m s t r m a i  c u t \  t i m .tt i mmc luum k ’ s a i n l a mm i of i i u r u i i o i s t , m m m  -~m m i ’ m . u l t  U .  us u o e f l  ,o o u b u e m
unma nu f ’a c t u n i t u g  p haumu s . b out  t ime  nua i um s’ c o m u m o m m m t u c  h :m su s out t i u m ’ ;m ni ’.u us t e x t i l e  . m u u d h c , mthms ’ ,  u u o o h m i s m m u e ’ s
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Due to time presence of an aircraft industry  in the area . time Aeronautical  Emig ineering Depar tmmiem u t  is qu i te
strong and mum the depart mn enmt t h ere are several fluid n mn e c h ammic s projects innc luding sonic active researc h urn tunhu-
Iemuce. I mi addition to those the Chmemic al Engineeri ing De par t nmm ent also has a project on turbulence.  Professor R. N.
Shammna studies t h e  deve lopnnment of a wall jet u m n a conical surface , This represents a more general case than eit h er
the two-d muniens ional wall Jet or tine radial axisymnietric plane wall jet , that may be regarded as two h inni it ing cases
of the cm-inucal wall jet. As it was explained to me , t h e  purpose is to measure in detail a well documented case that
can serve as a test case for diff ’erent turbulent  flow calcul ating methods. They first tried a “two-equation model”
of turbulen t  flow calculation where closure is achieved by solving two extra differential  equations in addition to
the equat ion for nmass and mean monnentu m . It appears th at their model correctly predicts the wall jet for all
cone angles without  readjustment of the numer ical constants.

My visit to Kanpur coincided with tine last day of a special program at tine ITT . The Depart ment of Aero-
nautical Enginneering in cooperation with som ume others h a s  sponsored a special course . “Turbulence im i Fluid F Im ~ ’,”
that lasted nearly three weeks, Eleven faculty members fronm lI T , Kanpur actively participated and three visiting
faculties (R. C. Malhotra from lIT . Delhi . R. Narasimha from I, l . Sc. Banga lore and R. S. Yajnik from N .A.L.
Bangalore) were the special attract iom . By a f onr tu .ate accident of scheduling. I gave a lecture t h at was included in
the program. Whenn I saw a list of such programs I wa~ especially surprised by t h e  ah uundan cu. ’ m t  specia l cou rses
and seminars in India. In spite of the niodest resomurces of tin e country,  a maj snr effturt  5 uuuade t n  iur gani ie a
number of short courses and seminars throug hi mmu t tIne year. This offers an excellent opportunmity for cmnnt inut ing
education for college teachers , especially those wins -i :‘t their own institution have no real c mpportummity t o u r  personal
resear ch, The turbulence course at Kanpur was a t tenue d  by 30 participants .

In the early years of hI T , Kanpur there was a large nunnber of visiting faculty mnennbems from th e U.S.A. who
have spent one sur two years t h ere and have contributed to the growth of the Inst i tute .  it sim t nu l d he meuntioned
h ere t h at mn the late 60’s. Dr. T. Vr eba lovic hn , the present Counselor for Science and Technols gy snf tb - ic U. S.
Fmnbassy in New Delhi , spent two years at hIT . Kanpur as a visiting professor. The fact t h at he h a s  pe r sm na lly
pa r tici pat ed in building up th mat ins t i tut ionu is much appreciated everywhere in India and lie h a s  un any fn ieunds
dating frtnm tha t  period who are giving hinm nn uucb u ms-ire help in his present position then t h ey wu uu l d to sounmeon e
else who conumes in just “cold. ”

lIT . MADRAS

Madras us a fas cunatung city. Its histo ry goes back to 300 years am-id it was u-inc of tIne first Portuguese settle~nients. It is located in the southern part of India on ti - ic cast coast on the Bay u -if Bengal and il ls also time capital
out r a u u u u l  Nadu Stat e , Time I n s t i t u t e  is located outside time c i ty  inn tIme south imm a beau t i fu l  600 acre park wh ere the
deer and time oth er ant m uma i s  nim a m m i ~ they even ven ture  onmto time cam m np i ms.  l IT.  Madras was humi t  wi t iu  suhs tam u t i a l
assistance fn t - inm ( lie Co’mni a nm Federal Repuh !ic ’.mnd it is tine largest ed tuc atu unaf  projec t abr inad t Iunamnced  by West
( ;ermamiy.  Wi men u lookmg at all three h IT’ s, it is quite clear thnat they have d i ft ’erem - i t Il avoi rs  stn m iu ew hm at  nese n nn hl imm g
t i m e  sp i uums o nnu u mg i :o u u u i t n l es .  1mm Madras I was c 1uit e immipressed wi t in  t ime neat lay mo mt onf t ime l ab m nra to ru c s  usim n g mmmodu ilc
u m m i u t s  i t  h a hora t nr ~ spac e . West Genniany co nmit r i h uted  in the order (nf 10 nm mlh i snmm d tu h l a r s  wont hi of e qu m ipuune m u m -

mi s t  n m u m m m e m m t  s . bu mo m k s , aumd l ime mm mode r n comun puter . e tc .  A large mmum u i h er of Gernuuan spec ialists  have served mum Madras
(e .g.. -lu nm the year I ’)ô°l) . Now that the Ins t i tu te  is operating in a mi me or less stead ~ state . f l u e  mmtu m uu b e r  of
Gernmanm sp c cma lms t s  has tapered off. Many cooperative ven i tures  did develop amm mh u m namuv nf t ime  I m m d m a n  f a c u m i t y
n n ucnnu hm ’n s ,ur o ’ go ing to ( ;crnnu :. muy on cx fens ivs’ visits umtder th i s  c o unt f iuu u inug cuo [ncu - a t ii uum - h u t  nm o mw nm mt onu aum m ust  i t  mu-
fu n  umal h tu t rat  Inc r o mm aun I m u d ivid tm ah basms .

ri -ic facu u i ty  us a h u m u m m  120 u u u c u m m h e r s  s t n o m m u g  a mu d  t i mere  are cknse tom 27t)0 st u o f m ’ u u s , m u u c h u i d u n u g  sounme SOt) gm . id t u a te
stu de nn t s ,  Last ~ear . 75 Ph I) . t ’gre s’s ws’re awarded ,  hum Mamlua s  ( j t u s m as I n m m e u u t u o uu e d m m mum c o m m u u u e c t i o u u m  w m u l u  I l l .
Kanpur )  there i~ .ini tu r g am u u , s ’ d  c f f o m n t  t i m  assist s’ u m g m m n e m ’ r u u u g  c onh lego ’s sd u uos s ’ i.m u o l t s  t akes  s l u o n i  uds . i m i ~s’uf 0 i i u m n s o ’s . hu t
a d dmtm o m u n m hms ’re was mnn s i mtu t ed  a nm s ’w promgra n uu ~- :u ihed ‘‘rein v m t a t u o n m u  pm om g ramum ’’ Tom u m n a m u m u a m m u  a . i u m t i u u u m m u m g  immtcr es t  .m mm ul
t o n launch c oo peratuv m ’ R& T )  proje ct s wit hm t huo m s e  i oh l eag umo ’s t r o m u m u  less en u u i s t u t u u t u i m u m s
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In India all inst i tut hnm i s of higher learning wish to participate in a program aiuned at improving l i fe mn t i me
rural areas. (80% of India ’s population live inn the rural areas and 50’/~ of the m um an e below the poverty l ine.)  To this
purpose Ill, Madras set up a Centre for Rural Deve lopmnnen t and has “adopte d” tIme village of Na rayanapuram.  In
that village , tine State of Tamul Nadu has allocated a 94 acre plot to tine l ns t iuu t c  amid tine Rural Techn nlogic al
Comp lex is being set up consisting of several industrial units which are agriculture based and are of tIne small
village type. I was told that the students begin to “win time hearts ” of the villagers and they expect to serve as an
ongoing catalyst for social transfo rmation and econoniic progress in the selected village .

The head of tIne lIT , Madras is the Director , Dr. K. A. V. Panda lai , who received me cordially and exp lained
the general orientation of the Institute. He is a close friend of Nicholas Hoff from whom he received his Ph.D .
at Brooklyn Polytechni c Institute in solid mechanics and whom he visited later af Stanford. This is mentioned t - i
show that the West Germany influence is not exclusive. My host on the campus was Professor N.y .C. Swamy of
the Applied Mechanics Department. He also serves in the Administration in charge of Academic Courses and
Programs (as a kind of a dean). lie showed me time research activities in fluid mechanics . Studies on the structure
of three dimensional turbulent boundary layers are being carried out both experimentall y and by a computational
method. There is a continuing systematic study of the performance of botin two dimensional and axisymmetric
diffusors and nozzles. Turbulent wall jet is another subject of ’ research. The formation of a liquid fi lnn from
swirling spray devices is studied experimentally. Briefly, I visited also the rotating machinery laboratory and tine
combustion research laboratory. Both appeared to show the “German approach” which is quite understandable as
there was a large transfusion of time “Technische Hochschu le ” spirit , with the Inigh quality machinery hall and also
with the “no-nonsense” app lied engineering orientation.

Looking back at all three lIT ’s I could conclude that India was fortunmate to have been exposed to differem m t
approaches offered by different counmtries ’ scientific and engineering conimunities and t lnis variety is bound to en-
rich the whole technical educatim -in. The real problem now is rather the strong unemployment pro hl enm of uni-
versity graduates which u m makes for a very gloomy outlook for mnost s tudents in India .
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“ACOUSTIC RADAR” AT THE NATIONAL PHYSICAL LABORATORY
OF INDIA

Leslie S. G. Kovas znay

The Council of Scientific and Industrial  Researc in (CSIR) of India conmpri ses a large number of research
ongamnizations. In fact CSIR is a kind of umbrelia organization designed to adunn inis ter  govermnm n ent support to
fornner ly independent research lab nrato n ies ,  After having met with the Direct our Genera l , Dr. Y. Nayud a n m n m ma.  I
was taken to tine NPL (Natiouna l Physical Laiboratory) where the Director , Dr. A. R. Verma , had arranged nmy visit
to inspect son-ic special projects of i n terest . Instead of providing here am -i overall survey of’ NPI..’s activities. I om-is lu
to single out one project I found rather interesting. The project leader , Dr . S. P. Singal , has developed an
“acoustical radar ” and inc has coined the word “SODAR” (sound radar) to desi gmiate it.  It consists of a stromig l y
directional acoustic transmitter-receiver system. In a typical operation the t ransn uu i ( te n  signal is a pulsed s uund
power with the following cha iacte nistics: tIme carrier frequency is 1 000 lIz , tine pulse wid t h  60 msec and tI ne pulse
repetition rate is 2 pulses per second. The back scattered acoustic waves are received and t h en recorded and
analyzed. In nmost app lications the beam is directly verticall y upward and the hack scattered signna l is received.
The “SODAR” primarily responds to the temperature inhomogeneities in tine atmo sp here with i mn the first few
hundred meters. Omne advantage of the systeni is that  commtinuous moni tor ing  is inexpensive amid it can reveal mamny
interesting features in the lower atniosp hnere. Those may be eit iner of short .tinne so. ~e or mnf long-time scale
phenomena. Typical features that  can he successfully observed are: ther m al plu m es in tine I suwer atmosphere .
stable inversion layers and thne gravi ty  waves t lna t  t ravel along those inversion layers. Horizontal spatial va n i a t i m mns
are observed at a temporal record due to the omiinipresent average wind velocity t lnat permits the conversi omn inf a
temporal record taken at location into a spacewise rec mnrd along the hnori ~’.oumta I coordinate in time mn m aimm wimnd
direction (by assuming a nearly “frozen ” pattern). The distinct advantage of the “SODAR” method is that  it
also operates without difficulty in clear air turbulence as it does not depend on the water vapor content hut
rather , as stated earlier , on temperature variations. The transmitters are typically horn .type “antennas ” h ut
paraboloid reflectors fed by a small horn were also used. The typical beam half width is 7°. As in all nm onostafi c
pulsed systems the essential component is the T-R switch t h at turns off the signal to the receiver during the
transmitter pulse in order to avoid overloading of the sensitive receiver systemnn . Since India now has a satellite
orbiting overhead , plans are being made to integrate the inform ation obtained f rom t h e  weather satellite wit in that
of the “SODAR” located at a fixed geographic point.
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MHD POWER GENERATOR PILOT PLANT
IN TIRUCHI RAPALLI

Leslie S. G. Kovaszr iay

Energy is a proh i en mm for  alnmiost every country , hut for India it is an especially crucial one. I com sulted a
recent rep ort wr i t ten  b y Dr. K. L. Kunmar , hIT Delhi . to i l lumina te  the point. He gives the per capita power

o generating capacity installed in different countries , wlnich varies as shown below:

USA 1 .80 kw/person
USSR or Japan 0.7 kw/person
l m dia 0.03 kw/person

Furthermore , in India the sources of energy are also quite different froni tine U . S. or Europe. In the table
below a com parison is givenu between the distribution in 1950 with the hopefu l projection for 1980:

orgamnic inydro-source coal oil 
j _ 

wom d waste cowdung electrical tota l

1950 % 16 10 48 14 10 2 100
(actual)

1980 % 22 33 23 7 5 10 100
(projected)

In rural areas the dried cowdung is still the chief Inousehold fuel  (the only connsolation is thn at it is a renew-
ab le resource), but when I had a chance to discuss tinis prob l em m n wit im I)r. Satish Dlmawan , Director s-if the lm m diam i
Ins t i tu te  of Science , Bangalore , I asked him whet hmer it w:’uld not he more efficient to onse tIne cmnw unnanmure as
fertilizer instead of burning it .  He pointed s-iut to t u e  that great progress could be mmnade by generatimng Cu 4
(methane) gas fromii cm-iwdung by a well-known and sinmp le process , then use t Ime gas as :j h ouseh old f ’uel and fine
remaimnimig smnh id wmnul d still niake excellent fertilizer ric h imn nitrsngem l The ch ief obstacle onf somc li projects is educa-
tim -in at the village level , time development of the grass roots of a rural technology. Time ground rules for any such
pr ojec t are tha t  one m n nt u st produce almost all componneunts linca hly and use om ui y a nmini um num m n of parts t h at need ton
he “imported ” f ’roni time cit ies .

Nuclear ennergy is of course very much i- inn the  minds of time Indian teci t u nocrats . t t p o u n u t ime m n m v i t a t i m n u m  i- i f Dr.
R. Raunnamuna , l ) mn ect o ur . I brief ly visited BARC (B li ahh ma Aton iic Research (‘euntre )  in Tromhay.  a stub u i r h m m l
Bomimb ay. Not heirug anu expert on u ’uclc ar umnat f e rs . I was given time typical V.1.1 tm . f oum m r  ouf t ime f ac i l i t i e s . shu o uw luig
m i me w i t h  pride h o w  t I ’ ’y can .su..~ccssfull y produce m m maumy munedica l and hio logical ta i lk nact ive  is on t i m p e products  amid
even export them m m competitively. TIme reasouui four India ’s couumpetitivc pomsitiomi was pouinte d omuit tum mm m c by Dr. R ao m .
t Ime l)irector ou f I nmginme en ing Services, l Ie ex pl ai n ed t h at  m a n y of timese himniong ical prmu domcts (n umoustly radi imactivc
isoto pe labeled organic conunp inunds) are qom i te  labour immte m n s ive . t h ere fore the y an t ’ c onu u ipet  i t iv e mum t Ime  expo rt
market .  BARC is reall y a large ntm od crn estah h isfmmnmc nu t  wi th  about 10 .000 emp loyees auu o h u m f  t h m u os o ’ t Imer s ’ are ah onu l
4 ,500 um u iversity graduates . Tine (‘enter also-i operates amm e d m m c a f i o u n a l  program iun nuclear  c mmg iumee ni mm g .  I aci u year
t l uey ta ke in a hm n u mt 200 y ont u ng engineers ( typi cal ly w i t h - i  a B .S. ilegree I hun ann inteumsmve course mni m m m c year dum ra-
tio n. Th ere are ahom i m i  6 ,0()() a pp h icannts each year four  t ime 20(1 places. I I sua lly time adm nu is sm ou m m conmn i mmmit tee  at IIAR( ’
succeeds inn weem l imug m m mu t  about S000 m uf t h mem u n by m’om i re s po u mum l s ’u mc e su n mm phv by lo ou k mmmg at time ca mmdid ,m tes ’ cr e de m m tials .
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transcripts , etc., but the remaining 1000 are all personally interviewed (their travel expenses are paid by BARC).
On this basis the fin al 200 are selected. What makes the program so popular is the virt ually assured employment
of the graduates in attractive posts. When I planned ~ny visit to BARC , I was especiall y interested in their project
t~ build a pilot model MHD power genenator in South India at Tiruchirapalli. This project started about one year
ago as a cooperative venture between BARC and BHEL (Bhara t Heavy Electricals , Ltd.) and in addition some
Soviet assistance was offered . According to Dr. Rani anna , they were able to obtain information on the Soviet
experience with a MHD pilot plant power generator near Moscow. The Soviet plan to use MHD generators for
peak power demand and they are quite interested in th is somewhat diff erent approach car ri ed on in India. I
discussed the problem further with Dr. Shri C. Ambasankaran , Director of the Electrical and Instrumentation
group at BARC who was absent during my visit there , but fortunately he attended my lecture later at NAL in
Bangalore. He explained to me that several agencies and also some companies are interested in the possibly high
efficiency of power generation by direct conversion that is near 50%, especially if the hot exhaust gases from the
MHD generator are used further to heat conventional steam turbines. They studied the MHD generator built in
the USSR for natural gas as fuel , but in India they expect to use gasified coal . BHEL (Bharat Heavy Electricals
Limited) will develop the coal gasification. The Tiruchirapalli pilot plant under construction is a modest one as
the en’iphasis is on the study of technology rather than the practical goal of connecting it into the Indian electn-
ca] power grid. In the pilot plant they expect to reach five megawatt peak power by thi s method. The projected
main characteristics are given below. Dimensions of the MHD channel are 10 cm un x 20 cm , the operating stagna-
tion pressure is 6 ata , Mach number of the flow M 1.2 Magnetic flux 2 Tesla. The electrodes will be water-
cooled coppe r (later they are considering possibly zirconium electrodes too). The insulations are made of alumi-
nia . hi order to achieve sufficient electrical conductivity the gas will be seeded with bari um carbonate. Dr.
Ambasankaran reiterated that they unde;s.tand that in the USSR experience the MHD generators are planned to
be used as peak power standby facilities. The most nmove l aspect of the Indian experiment will be the difference in
fuel. Naturally, the technological interest inn MUD power generation also created a renewed interest in MHD as a
subject even among the academically oriented scientists at the mn aj eu research centers, e.g., at Bangalore.
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ISRO.-INDIAN SPACE RESEARCH ORGANIZATION

Leslie S. G. Kovasznay

Space researc h activities are centered in South Ind i a.  With the laun ching of Aryahha t a .  t ime firsu Inm dia , i
satellite om n April 1975 , lndiamn joined time “space club. ” Th is is i)t course a source of great pride and satisfaction at
h”nue and some added prestige was gained anuong the t inird wm rld countries. After one year in orbit Aryab h iat a
still has some of its systenus functioning. Atyahhata was laumm ched with Soviet boosters (Soviet “hnterk ousnmos ”
rocket) fronn the Soviet “cosmodromne. ” It weighs 358 k g and it was injected into ) a mnear l y ci rcular orbit wi th  an
inclination of 51 0 to the equatorial plane at about 600 k mm u alt i tude. The Soviet co ntr i h ut ion t n  the project in
addition to launching was limited to a few items such as solar panels , batteries , spi n system and time on-hoard tape
recorder. They also performed sonic early tracking from a statio n near Moscow (Bear Lake). Time scientific pack-
age aboard was designed and fabricated in India , and once in orbit there were several expe n im m ients carried ouut .

X-ray astronomy : The operative range is 2.5 ISO kcV. High variabili ty of X-ray en m nissi imnm fronm (‘yg Xi
was obse rved and specu lati mnmus were unmade about t u e  pmnss ih ih ity of (‘yg X -l heimmg a p utemmtial  candidate for a
“black hole.’

Solar neutron and gamma ray emission: Based on the mnneasurements they are able to estiummate anm u pper h inu u it
of time fluxes and also some of their variation wit h geograp hnic la t i tude.

Wit h mimm ISRO tine largest group in space activities is t ime VSSC (Vikr a rn Sarahhai Space (‘emiter)  near
Trivandrumun in Keraha state located mnear t h e  soumther ni t ip  of Im udia.  In fact the city of Trivand r uunu us time cap ita l
i- if Kerala state. Tine vicinity of Trivandrum is a tr t i ly  trop ica l area and the principal cr m np is coco nut .  Th is was
i f um i te  evidenmt as du n imug time landing approac h om me sees not h minn g hut  coconut palms for muu i les and miles. At VSS(’
t here are n ear l y 4500 ennup loyees and about one ImaIf are umuive rsity graduates. VSSC is p n i nm mari l y an engi u meeri n ug
cs’m nter amm o ] t ime o mn ily rocket l aunc h nin n g facility th ere is sui table  uni ly fm-in small mineteoro lo gical sounding rockets. On
time oth er h anid wit h m i nm the  area is TERL (Thumn uha E qua uuria l  Rocket Launc h ing Statio n ) whi ch was pub l ic l y
ann u onunced to he a fac i l i ty  open to any nation who wishes t o n laumic hu sounding rockets righ t aloum g the m m magniet i c
cm lu at o nn .  T I -RI  us hm ucat e d  at gem-igraphica l latitude 8°32’34” Nort h , hut essentially on fine magnetic equat m ur (nnio r e
c x . i s t l y  (I ~24 ’ So u t i t l i )  whmic h m permits the cmnnven i ent  s tudy s-if t ine equatorial electrojet p iiens -iniensnt i tha t  passes
exac t l y omverhead. \ n o m t h n e n  obvious reason for h aving placed sti ch m an important center in the south ern pm r t io - i m l
omf Kerala  s ta te  us t h u s ’  ava i l a b i l i t y  i f  a large nu um nher of universi ty graduates fronm m n the regiomu for whio nni t h i s  provides
a gui md eu mmp ho m ~ u m m e uu m o m p p o n n t u m n u i t y .  At VSS(’ I was received by l)r. (‘ L .A. Rao , l)irector of Aeronaut ics , amid l)r , N .
V e n n t j k a n a n u u . i u u . h i s’ad of A erodyna mnu ics. I was somewh at surprised to learn that there are imn ip ortant  ae no udy m namm n ic
t a c u l u t u e s  f w i u m d  tunne ls  amid shiouck tubes) and a relat ively large number  of com u n petent  scientists amid emig ineer s
( nnma m m ~ ii ml m eu uu  are Ii. S . ou r V . K. t ra inied) .  Since VSSC was created as a cemntcr  for ani applied en mgimneerimug ac t iv i ty
t h e  n u m o re tu , isuc rs’s e a rc h m uriented s t a f f ’ nnemhers have unders tanmdah ly  difficult times m u  convimmcing t ime mamiage-
umu en t ui  p e n m m m m t  t h m c m n to purs u e time basic researc h i- if ’ t h eir  first pref ’eremm cc. This is ut ’ comu rse a phs’ mmouu uu c n m unu fou m m u o l
t’scr vwher e inn t ime w or ld .

Wh emu no I t ,u mu ga i o ur e I a ls om vm si ted bruefl y the ISRO Satel l i te  (‘emu me n a i d  was sh ouwnm a n on u imud  t lucre by l) m . K . K -
k~ , s t . m  l ie  o h e s o u m l u i d t hs ’  t t i v u s u o m m m  m nf l ah o n anumo n g time di f ’f er eum i g ro nu ip s  and fac i l i t i es  w i t h u m m u  t Ime IS R ( )  f ’am u mi l y .  1mm
i d ol it ion u VSS( m u m I n  is an m oI t im mm . a nuew la u nch ing h uc uh i ty  is hei n ug co - instructed near Madras  oum m t ime Bay oil ’ iIcuig al

I t  is i , i u u m m ’ol ‘~l i ~~R ~~um I i a n u k o m t a  Range ) ansi the first  sa i :I l i t e  tom he lam m nc i med  fr i nm m n lund i a mu  s o — i l  nua ~’ he neatly im i
I ’’ 7~ o l u  I 17 1 1  in j sh ih i t u o u uu  t i i s ’uo’ us ISA(’ ( I nd ia tu  Space A pp h icat iouni  (‘e n t e r )  iun A i mmu m edahad  m m u m n t i m  m uf  l i v i l e h a m a d .  I

. in i  o , u f ~ s f m u ’ , m i L i t i ’ t i m _ i t  t h s ’ns’ mumu s t  h a y :  heeui p h l t i c d l  pr e s smure t r o u n u m  t h u s ’ diff ’ene u mf reg iomnu s  to m u l i s t n i h m i t s ’ thus ’
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expensive government activities geographically, a phenomenon only too well known in the larger countries around
the world. Naturally, much of the actual fabrication of the space craft was contracted out to a number of com-
panies , but the “center of gravity ” of all space activities inn India is still definitely in the South. The next satellite
they expect to launnch will be a SEO (Satellite of Earth Observation) with a payload of about 435 k g. It will be
equipped with two l’V cameras in the IR range (0.55-0.65 micron and 0.75-0.85 micron wavelength). In addition
there will be microwave radiometers in two frequency bands (19 and 22 kMc). The whole project is expected to
cost about $40 million (U. S.) per year .

At each facility I have visited the staff was very cheerfu l and quite enthusiastic. ‘i’hey were happy to con-
tinue discussions with me beyond their working hours. My only complaint was that I didn ’t have more time to
spend s’ ith them.
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THE INTERNATIONAL CONFERENCE ON FRACTUR E MEC HANICS ,
HONG KONG

Elli ot A. Kearsley

On the fro mnt page of tine South Chnimna Morning Post of Marc h 23rd was a detailed photograp h m)f a cracked
cmnncrete heannn in conjunction withn tine story of the closure of a lineal industrial bui ldimng. The internat ional
Conference on Fracture Mechanics was then in its second day and it is not inconceivable to me that the local
committee had arranged the story , so thorough were their preparations. How t h ey also arranged for nn e to crack
a tooth on sommue Chimuese dried beef , I do not know , but thmat was reall y going too far .

The cs-inference took place fr i - in n - i Marchn 21 to March i 25 at thne Conferemnce Center overlooking Causeway
Bay in Hong Kong. It had been organized by George Sih of Lehigh University and C. L. Chow of the University
of Hong Kon g, who were co-chairnien. The venue of the mul eeting was chuosen bot h to prou mnote Asiann activities
and interests in fracture numechianics amid to encourage personal interactions , visits and international interchanges
fromuu the Western World , I t was poi n ted ou t at the opening session that  the last such comnferem u ce in Asia h a d
taken place in Sendai twelve years agmn . Since thien. thne Asian needs in fracture mechanics have growm u imnmeasur-
ably. Asia has virtuall y t n t - i sources of f ’ossil fuels and nuclear energy is bound f in play a very large role . Time mnuc l ear
indust ry is a frequent user of fracture nuechanics (perhmaps not frequent enough), and h eavy indus t ry ,  wh ic h is
being developed massively in Asia . is an uo - it h ier . As a consequence . research t in fractumre ummec h ianics is a mmmainmstreau n
of the nuech anical eumgineerinmg activities at t h e  University of Ilommg Ko -ing amud tine m u memnuhers i f  t h a t  depar tn uu ent
were prom u minent  hot ln in tine technical  progra m and aum nong tine cmn n ference of ’ficcrs. T h e  par t i c ipammts  at this ’  conm i -
fenm ’nce were indeed ini te rna t iommal .  Time largest de legatiu - in . abo u t 35 . was fro mi m Japan. A close second was t h e
U nited States delegation withi  about 30 members followed by a doi. emn Au stralians amid anm equal num m n h er  I nomm i
Ilonig Komig itself . Ot hmer countries represented by o- in ly a few attendees were la i w ami . Kmmrea , India , l ram u , I srael ,
Holland , France , Enug i -at id , Sweden , Ital y and Canada t o u r  a gram u d total  ot ’ weh) over 100. 0mm the plan -ned pro gram - in
were several speakers frouuu Sinugapomre . (‘icclmoushonvakia . Russia amid time Phuilh ipi nue s wiuin were cancelled at time
last nuninute or did mnot sh ow fmur snmne reason or a u mothe r .  Larger slelegatiomus in — mum lundia . Kinrea au - i d fr o nm u m I a iwan i
also-i h a d  been expected. Representa t io mu frsnin industrial  Iahmnratories was par t icu la r l y gino-id at t h us mn ie etimi g (~~ 21.)
people) and a serhmus a t t e mi up t  was umnade to) couple time scientifi c promgr ess to pract ical  proh i enums . (‘oum ns i dermm n g
t im e curren t  shortage of ’ travel funds at un u m st ins t i t  u t iomuns  aund f l u e  f’acf thua t  t ine t j u ne f t ine  um neet ing d ms f nu o t  coin-
cide wit h univers i ty  vacation -i s ( in  t h e  Nort inern hem mmispher e at least ) t ine a t t e ndamnce  was extremi u e ly gooud.

It is custommuary to trace the mnri gin of f racture  niec h ian u ics  hack to an idea of A. A. Griff i t lu f s - i rmunu ha t e d  m u
t I me 10)20 ’ s. according f u n  whuic in t ime f rac ture  i-if a b r i t t l e  mu na m erial  is a result s-if t ime growth of in inere mi t  u m i i n u u i t e
cracks o ur flaws . In this p ictuure . a st ressed m u material  hecorn ies uu mnstah l e w h mem u t ine a mm notint  of elastic energy ne lcases l
o mnn ex tend ing  the largest ouf t ine inmhncrent  cracks exceeds tine suirface ennengy dissipated in increasingly t h u s ’ crack
surface . Since the  tim mi e  s-if Gr i f f i t h ’s orig imial su mgges t i om mn . a series u f  t e chm nno h on gica l  prohiem mns of br oa t h public inn -
t ene st  h ave servesi tom s t iuunu l a t e  inn t erest  m u  t i ne  fielml . f ) u r i n ug  Wo ur l ml War 11 a scris’s o f ship break -ages tronmmm imas t i l v
co nstructed vessels tn ccurred amms l suhsequem it lv co mums i denaf ’ile wmnrk was do m e (par t icular ly  at t ine Naval Researc h
L au hora t smry )  ton  exte m nd t i me idea for app licat ion ton mi ic t a ls . ‘I ’lme Cl uarpy test  was used tm-i de l imi c at e t I ne c o mnd i f i o m i ’ .
f o u r  b r i t t l e  and ductile t rac t t i r s ’  amid ( ; r i f f i t im ’s ideas were nu io dif is’d to ) ac co n m un um nsnda fe  t ine h einavior of m uueta l s .  1 lie
cuumcs ’pt u t a cr i t i ca l  stress inntenns i ty  at t ime crack t ip was immu no- i du c e d as a c n i f e r i o m i  for crack gr owt h  - l i m e n t . mum t ime
h° ) 5O ’s tiut ’ coluspi cu ontu s fa i lure  u - if tine early dci lavih l a n -i d ‘‘ Cu nu u me f ,‘ tuni c of t l ue fl rs n mul ’ f l i s~ coununu m m e rs ua l p et  air-
craf t , s f i mu um m l a t ed  t ime s f t idy of ’ fat igu e f rac tu i r e , p a r t i c u l a r l y  in n t ime a i r c ra f t  i m m d o i s t r v . m u  t he  10b -iO ’s t h ue h u ng lu s t rs ’nu g u i u-
uo i - w s ’ i g hmf  r em h u min e umn e n t s  onf ever largem rocket  rs’, o ct iou m c ima uu m he r s  served to o  r e i n u f o i u e o ’ the u m m f c u e s t  mun f u a c t u m n s ’ u u o c -
c i uaumic s . (‘ om rns ’n t l y  the  s le um u annds onf mut i c lear  r e ac t o o r  dcsi gmn arc t ime  muu o s t  v is i b le  spur ton reso’ar ch m 1mm u hums  f i e l d - .-~~‘.
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result of time past successes of frac ture  mu nec im anics , the present de m nnands are pressinug and according to tunic dis-
tinguished conferee “unrealistic considering the current state of the art . ” Certainl y the papers presented revealed
many open questions awaiting fur ther  study.

Griffith ’ s idea was based on a sin m mp le two-dinnensiona l anmalysis using tine l inear theory (- if elasticity to cal ’
culate the stress field aronund am - i elliptical crack, Of course , innunnerabic extensions and modif i catiomus have been
appended iii tine forty-odd years since. Earl y on it was realized that energy dissipations other than surface energy
must be taken imnto account--i t  is the inclusion of plastic deformation losses which makes the theory app licable
to ductile fracture. “Classical” fracture nuechanics is based 0m m three sinup le solved problems for the stress field of
a thin edge-crack in a semii i- inf Ini te linear-elastic solid. These are plane-strain solutions (ant ip lane strain for Mode
Ill). Mode I is for a tension across the plane of the crack tending to open it up. Mode II is for a shear stress
ac ross t he plane of the crack tend m nng to slide tine surfaces of the crack sm-i as t (n produce a step inn t ine ed ge plane
of the medium. Mode Ill is for a shear stress parallel to the line of the cracktip tending to slide time surfaces of tine
crack parallel to the line of the crack tip without disturbing the edge plane. Of course , these solved problems fail
to describe real situations for a number of reasons. Many papers at th is  meeting dealt with calculating stress
fields around models of cracks nuore reasonable than these , taking into account three dimensional crack sh apes
m r  nuore realistic geonuetry or “mixed m ode ” prob lenns where the external forces produce a stress field inter-
ntu edi ate between the classical nnodes. Other papers demonstrated the importance of kinetic energy in salient
circu mnistances or considered the energetics of a crack propagating at angle to its axi s (rather than along the axi s
as Griffith assumed). Nucleation of cracks and coalescence of cracks may play a role in some materials and the
stress field of interacting cracks is of interest, And for specific materials , the detail s of morphology, grain size .
crysta llite orientatiomn and such is of ’ten in u mportant . The conference had sessions covering m ost of these detailed
cin nnside nations.

Siummuitaneous technical sessions were conducted (th ree at a tinue) commsisting of series of related lua h f -hnour
papers . The topics exp licitly comvered were fatigue fracture , dynamic fracture , mathematical analysis , dynam ic
crac k pr opagatio n , m aterial testimug, st r ess a naly sis , fatigue crack growt h , composite nuaterials , f lu mite elememm i
cal cuhatio r ns. en v ir o - i nuu n e mi tal  effects , p last ic i ty ,  ui u o de l i n g, p ho.mtoe lasticity ,  h i o - ienmgi uieering s tructures.  d v nna immi c
tes t m nmg,  strengthm aunalysis nnixe sl mu mode f’rac ture , crack- openinng disp laceni emnt annd f r ac tu re  count r o f . creep. nuu icro-
s tructure , nondestructive testing and nsnnnmmeta h s. The fmn hl owing accouunt of som mme m f  this ’ papers I Imappe u ied t
audit  sh ould give a fairly represemntative t’eel for t ime tlavm ) r amid contennt s-if time conteremuce.

A n nove l geonn ietry for stud y ing fracture t inug imness unnder um mixed m n mod c commdit i o - ins was pres emnted b y S (‘ .

Kim of Inha University. Korea. Disks of nn i at cria l  witi u a central iumternma l  crack inn t ime f onrmum s f  a slit t iu ro t ig im t i n e
thickmmess of tine disk were placed oun edge between tine com m ipressionmal platemus mni a t e sm ing  n ui ac imiiic.  By conn-
t rol l ing the angl e u - if the cenm t ra l  crack varying degrees of mmmixiuug of nmnode s I au - id II couuil d he inroduc s d Spec i uuueuns
of epo xy and acry lic p lastic , ce mn men i t , hea ring steel amid nuuarh l e  were used. ‘Flue d i re c t i o unu  ai m sl p a t t e r u m  iuf t i m e  cu , o ck-
m u g  produced was a h mmnosf m nudepe m mdent of tine immaterial  used. W h a t  mh me i u  was tine best cr i t c r i mn l  f o r  f r a c t u m r e ” Well.
t inat varied according to thus ’ angle and inen ee accordimng to - i t ime ratio ) of ntut ) deS. Cri t ical  stress .s~ ked p r e t m v  we h i
for sn mna ll angles between crack and con uupressiomu hut  not so well at larger angles,

II. Nis iu itammi i f  K y u s lmu University looked at t h e  inuteracti ou l effects hetweeni nuontch m es amusi ~i ac k s  I i u i s  was a
calculation using two - i —di m ensional classical elasticity ti m eory amid a “body f ’or ce ” n uuct h ios l o u t  i m m t e g u . n t i n u g  o h i s u u  limo -
muons of Green ’s f ul ncti o )ns. A variety of prob lenmis were treated : a ronw of ell i p t ica l  l uonle s . a no m w ouf  so’ m uun -o ’ l l i pf ca l
esi ge cracks , a semuni-el hiptical no tchn witiu a sunua ll seuuni-e ll ip tica l edge crack inn its p e r i i n u e t e u  . e t c .

Au ma ly m ica I soul sit ii o nu S ho - i t  t in  tee d iuu u e mnsiomna l p roth l e muns were pr e seni t esi j un I w o  papm’ is  is Kav~ am ii al ii I t i m e
l Ju n ive ns i t v onf I o m k vo . \ ws’d ge-s htaped crack inn a sc u mui - iun f i u mi t e  mater ia l  was sunl v e h l i t  oo nne pa pu ’n . m u  a c o - i n u k a l  p i t
was sou lv ed j un t Im e ’  o m t h mer .  Associated l egenidre f u i m m c f i u m u u s  were enuup h o vcd , n uu d p l um sou hu i t i omn ns  wets’ mu m i n i ’ t o u s m u m  o i l
series . I nm 0 - inns ’ ouf t ime pnoh lc nuus  the  c i gemuval tu e s  of a (-i( x 66 u m m a t r i x  were cal cu la ted o u m  a c m o u u u p n i t m ’u l int ’ u e s u m l t s
wer e app lied to m a di sc ussi omn of stress in tenis i ty  at  t ime cusps

Se veral papers I au msh i te i l  were ou mn t ime nose of f in u i t e  e l c u m m e u u t  u u u e t l u o u o l s  f o u r  t i m e  c a h e m i l . n n u m o u u  o i l  st rcs s  l i cl o i s
-~ o i u h o m  aumul  Yag:owa o u f  t ime  t l t t l v e r s i t v  of l o k v o o  s u u r v e y e o t  ne ’ce nu l  oh c v m’ h m m p u u m e u u t s  in - i  ] . o I - i a m o  , m u n o l  co muu u par u ’ oI  m e s o m i t s

4 4

- - --- —--  - .— -.~~~~ - . -. 
~-

---.- — . . — p——.— 
~~~~~~~~~~~~~~ 

.. -‘- --- —~
--.,—- ----

~~~~~~~
——-

~~~~~~~~~~~
-.



P.-. -

~~~~~~~~~~~~~~ 

-, . ‘-..- - - - -  

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ca lcul ated b y sevcnn different finite e l enme u ut t r ea tmmue n mts  of the prob lenu of a seutu i-circu lar surface crack. The
stress fields i f  tine dif ’ierent mm net hi su ds did mn ot really vary u mmuch except at the surface edges of the crack whnere
one dm es not expect time stress field to inave nm nuc h t  e ffect on the fract oure prmnpenties. The point can still s t inuula te
a lively comutr o v ers v am u nong this ’ cognescenti.

C. L . Chow of Hong Kong Umniversity presented a paper on the prediction of fracture instability by f ini te
element im met imods , He pointed out t h at in the past these met inods have been n mn ostly used to calculate stress in-
tensity factors f ’ronu expeninnenta l data , h u t t hat tcu predict instabi l i ty  through f in i te  element calculations of stress
intensity required extremely tine grids and umnassive calcul ations , He therefs re used an energetic approach rat iner
than a stress inntensity factor approac in since tine energy at tine crack tip is finite and onus ’ can expect a coarser
grid to give accurate results. Experimental data taken with PMMA was used for conimparisonu .

P . Tong of the  Transportation Systenms Center , Cannbridge , Massachnusetts , gave a talk in which a hy brid
finite -element technique was app lied to some practical problems of railroad design. In his schenue , polynomial
solutions of a finite-elenient schenuue are m atched to a singularity at the crack tip. The watchwords were prac-
ticality and ease of approximating comnnp lex shapes (railroad rail cross sections , a loaded “D” shaped lug with a
radial crack , t he bo lt hole in a rai l web , ami d such). Contact pressure under a locomotive is so huigh that there is
always plastic yielding involved in loaded rail problems. Typ ical failed rails show horizontal or vertical split
h eads or transverse fissures. Several Japanmese auditors hiad also worked on railroad problems and were very in-
te rested , although they pointed out that the bolt hole prob lenuu does nmfl arise in Japan where welded , rail is
nnow exclusively in use, (I must adm m mi t  t im - at  tine resulting train rides are considerably smui oothner ti - ian those I ann
tused to .)

P . Ci menm i f  tine Unmivens i ty  o f  Hong Kong solved fl u e problem m m of a penny-shuaped crack perpe m ndicu l ar  to
tine axis of a cylinder twisted wit h mimm a rei m mf ’orcing cylinder of a different umuodu lus.  Time pro hi em u u was cm- inverted
int o  a Fredholrn equation by a t ransf o ruuuat io u m and the princi pal calculatio mal difficulty was in the inversion of
time solution. it is a pleasure to ) see suciu classical nuet immnds st i l l  solving new and wort inw imile pro b lemmus.

A good nun u mber mu papers dealt with - i  the kimuetic energy m ur d ynamic effects inn f racture um mechnanics. A pape r
m m ii b ranic iming ummec h ianisnms in f rac ture  im mechnani c s by J. D. Achnenmhac h of Nort h western University was r articuilar l y
im u t e r e s t i r ug .  Timis wourk is for honuogeneous , isotropic , linearly -elastic m edia in n two dinnensions h uif  time d y n ammni c
e ffects are also m nnc l udcd amid shn ow n u to - i be of utmost  imumportannce ,  Now an earlier wi - irk b y A c bnenm h ac h m a n n sh hl a i ammt
lu ad unut rodt m ced a ml vnannjc  correct  loin factor for tine stress field at a crack t ip ,  Tinis factor was a f u m m m c t i o n u  of anug le
and u f  crack propagation velocity and h a s  tine interes t imng property tha t  its maxiuniunmi “h ifui rcates ” onut  out thus ’
plane o uf  crack pr m npagat i o mmm for large values of crack propagatio ) n velocity. Ummfortunate l y , thus ’ e x per im n mm ’nm t a l
h rauuch ing  of cracks uuccurs at u-io lmnw crack propagation speeds am -id at t ine wrong au ig l e to he exp lained t h is
s’.av .

Ins tab i l i ty  is t im e ’  m na t u ’.c on f t ime gammme , ansi in t h mis paper As h menhachu deve lo ps a mmecessar y ox nnditionm I’m - in h rammc hu .
i n g  o m um t ime  h ,osis o u t  a ha lanuce ou l  t i m e  powers mmmvo l ved.  ‘l i mat required a detai led counsiderat ion of time elasto-dynam u mic
f ields mum -ar t hus ’ t i ps of t ime expected hranmc i nes . l et u n s im on p e t i ua t  t iu i s  e x p i ammat ionn  will prove m m u i t  w i t h  t in - i - is ’  si r
cunuhd it he tim - a t  t ine s tabi l i ty  iii ti m e s t ab i l i t y  is invmn lved ’ ! l’hue un mat i m cmat i ca l l y  inc l immed h a d  a go-iod tinmue arg u i im i g
u u vs ’r  t ime o m rd c n  of taking h i u m u its  (bo t h  time lengt h of anu in t in i t esi num a l extennsi m - in i-if t ime crack t ip  amid tine radius of
the  crack ti p go to ,ero). Om i e brave sout ul had time courage tm -i innqui re  about thie possibility m f  t r iple branc i minig.

Several  paper s calcui la ted t u e  e f f e c t s  i-if dv nmanuuic  s ’o u nmsidera t i o uus  i - in time c r i t i c a l  stress i u u t e m n s i t y  for crack
.mnr c st - i u o r  i uus t an cc , (‘ . 1. Su nm m)f Purdu e used a f inmi t e  c l emmuemmt uuueth i od nuuu ch m h ike  t I me ummet l mod m u memmt i o - imi ed  ear l ier .
inn w i muc i m lie iu mserted a special t r i angu la r  elen u me n ut  w i th - i  a sin gt i la ~~ty to describ e a crack  t ip .  I Ic c a hc m i l a t e o h  am )
s’~ , uiuu i n ls’ four  wh ich the  dy i m au mmi c critical su r e ss i n m t e m m s i m v  four crack arrest exceeded time s t a t ic  cr i t ical  stress in-
t s ’ n i s j t v  by ,u f a c t o m r  oil t w o u  1 . Kannaiawa o i l  tim e t nu i ve r s i t y  o f  I oukyo - i p o in item l om i t t h a t  th i s ’ p h me u mo - i mn i en m o - i n - i  i - if
c rac k .u rr es t ‘f l omnm g r o L k s  is u i ~mi .u l l v  ni t - i l  c o o n u s i s t s ’nt u v i t h u  t ime resul ts  of l inear  auma l ysms . l ime  sl u m e s f i o u n  is ‘‘is time
cr i t i c a l s t u t ’ss i n m f e n u s i t v  f o u n  cna o k au r e s t  a m u m a t e n i a l  p n u n p e n t v ’’ t ’ sinm g l i m i t s ’ e h euuuenu t  c a h c m u l a t i o m n u s  t o m  pum P iii ml ymuan m nic
c l f c ~ ts . iu m ’ c omump ~mr eoi t ime r e s u l t s  ti n cx p en i n mmei mtah  womn k  m mm i h ’MMA. A bi g dy m u a nuic  ch es t  was nno tesh a uud thus ’  ar us wc r
to-i  t hus ’  q o i e s t u o u u m  si m s ‘‘

~ es ’’ l)a t , u t r o n m u m  I l a t t e h l e  ( o u l t m n u u h n i s  mu s n n u c t m i r a l  s teel  was timer - i  s h i scou ~si’d iuu t iues e mermum s ,
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A somnnewhnat different dynman m ic calculation was done b y George U errmnuamn ui of Stanford. He looked at a
notched bean -i in the betiding nmode as a one-d inmuensiona l prob lem , representing the crack as a d i sc o mnt i n ui t ~ m u
beaj in stiffness , Standard bea mnn equation - is wit h inertia terms were used amid the stress in tens i ty  fac tor  c r i t e n i i m m i
for crack p ropagation was taken - i fri - inn - i a s tandard elastic problem u n.

A couunp lete history of thus ’ bennding moment was calculated , PMMA in four point loading was used inn es
per ümm ents for conmmparis onn. Results were good up to tim e last 5 or 10% of bean - in thickness when a sort of “ta i l ”
developed on the crack as it deviated inn direction. Herrm ii auntu thinks thi s tail results trom mu time failure of this ’  “ n u n -
finite beau mu ” approximmiation , that is , reflec ted waves fnm nmm i the em ds are comnp licating ti - ic picture.

There were a representative nummub er of papers on plastics , fiber glass or composites. B . W . (‘imerry ouf Mommas l i
University, Australia , discussed fatiguing s-if unidirectionally fiber-reinforced con mmposites and concluded th at it
is Mode II crack propagation parallel to ) the fibers (you might call it de lanmin atio nn) which is princi pa lly responsible
for the progressive deterioration of the physical properties. Glass fiber reinf o rced epoxy pm nl ya m ide was tmscd
for the experimunental studies in tine foru m of a grooved cantilever test specinmen, For t h is geomn etry.  cr ack grsnwt im
is stable for unonm tonically increasim -ig deflection an- id time strai n - i energy release rate is independennt oh crack lengt h m.
A relationsh imp betweeun quasi-static crack growth rate and strain energy release rate was establis ined and app lied
to the problem of fatigue crack extension rates. The observed fatigue crack extension rate was actuall y somnuew hn at
higher than calculated , but his could be ascribed to the te n nuperature rise at t h e  crack tip which was nu) t included
in this ’ calculat io~n, Interesting ly, M . Parvi n s-if the University of Technology, Teheran , gave a paper in another
session calculating fracture toughness as a function of crack speed and anmbient temperature taking into account
the heating at the crack tip. Conuparison withm som ume experinniem utal data on po lycar bonate was quits ’ im unpressive
althnoug hm tine final test , m u ueasur e nnnent i)f the temperature in tine plastic tone h a s  not yet been u domme .

S. Aummij im m u a and T. Fujii of Dos h i ishua University, Kyoto , looked at inmpact loading of glass tibet reinforced
plastic rods using a split Hopkimuso n Pressure Bar un et imod. Their ponint was that  Izod and (h a r p y  tests do r iot
reveal the true inunpact  behavior of these materials. Ti-icy nueasured dynan u ic modu h i 300:; t m 400:~- h i ighuer t i ma um ti - ic
static values and energy-to-break considerably hig h er. A h i g h speed can uue r a was used to subserve the innpa ch
fracture , and time shn ear .um mode failure in comnpression was clearly visible. Y , W , Mai of tIme University of Sydney
looked at br i t t le  fracture of polypropylene and mmy lon . particularly ti-ic temperature dependemuce. By sp l i t t ing
tine fracture to - iug hm ness iumto a temu peraturc sensitive p lane-strai u n fracture toug h ness plus a t cm n pcrat t i rc  iuusem isi-
t ive p la ne-stress f ’nacture t m mu g hness he was able to associate this ’ results wit h loss tamngemmt peaks and ~ au - i d ~ re-
Iaxatio sn princesses sin dear to time p olyn nmer physicists.

Th ere were , s-if conurse . several ta lks  viewing f r a c t u r e  p i menoniena frm muu t ime point s f  vie w of tine uumo nr p luoii ugy

onf the nnateria ls im i atm appri -iachi whn i c i m grows natu i ra l ly out ot ’ classical nu m eta l lurgy ,  Tinis slamut is nm - it really “u0n v
bag ” and I attended only a coump h e of sucin talks , Neverth ieless . t h e  paper of E) .M .R , Tap h imu s-if t ime Ummiv e rs i ly  of
Water loo u iminpress esh rune inn sp ite i - if  unny igu u oram ce. It was based i-in data i- inn a ra u ge of h igh conmduct iv i ty  em -ippers
at hig h-i tem u mperatures . Pictures were shown-i s-if t ime growthn of voids u - in cavities onu time graium huuu n da n ies  amms h t ine
details of ’ t ime nu cl eati onn princess fon  f luese  voids were sl mm wun t im af tect  tine creep properties au - id faf i gume life i - if t ime
copper. Dcf ’or um nat io n amid f r a c tu r e  uuuaps  were sh m ownm inn whic h time areas s-if b r i t t l e  f’rac t u ure . imig in creep ra t e . e t c . .
were delineated on a grid of strain ra n ge  versus temperature . Sucim m m maps were rec om unu m memmded as aids to tIme prac-
t ical  designu engimm e er.

B . Vodar of the (‘entr e Unniv crsi t aire do Paris Nord presented an unusual and fascinating ta lk  i-in flue proh .
I c u nus of eq u i pumment  for very hig h- i pr c ssuure research -i (ranging up ton 190 Kb and , for lower pressures . tenuperat tires
up t o n 2000°C) ’ Ife began b y making tine apparent hut  significant point that  an isotropic pressuire act i n g in n a
p u m l y cnyst a ll im n e immater ia l  dines not pno duce a li - ic -ally ismnf nm npi c stress. l’he resulting sh ear m m may lead to - i i n i t ia t ionm
o - i f sn u mal l cracks. Pressure cycling can li-ave a umnm n s t d raummat  Ic e ffect. h ract mure gemmerally so cs-tur s in - i t ine regim - inus wh ere
hi gh l y  imn i minumm o ug e n e unus stress onecurs. Four l iquis ls u mnmd er hu gh pressures . a dif t ’erent set ouf pro thleu nn s occurs . ch ief
Ji mm ui ng t l meu ~ cu n rn usi o - in c n a ckinm g .  Voslar cited cer ta imm su n hu it i onis  wh ich in the  proi er circunnsfanuc s ’s  iundu cc crack-
i ng at o muu ly  4(Y u - i f t ime e las t ic  l imuni t .  0mm time int l - icr  hmannd , luig im i- ines stmre o - i xy g enm will a c t  nm a hl y  hn t r m n steel ansi is t h us
exceeol ing lv d a u mgcn o on is  ‘i p ict ure t f  a h:ut t c nc ul  steel s a t e t v  scr eeni af ’ter t l e  f a i l u i u s ’ o o b  a h mi g im press u re a p p a r a t u s
uun , u o lc  t i m e  p ou mut  q u i t s ’  gr ap imn a l I y  . S u p pi mi rs ’ is cm u unu nmin m m l v  mused as a wi n mdo ~~- umm i i ui g h m p r e s s u r e  appana t i ns  fo ur  gases
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and l iquids , Vm dar described a tech ni que used at m i s  l ah oratsmry to relate the n m easured wid t l u  of a spectral l in us ’  to
time gradient of stress in the sapp lnire . Ano t i ne r  p imeno um nenon was the hreakinmg of a sleeve out  steel fr o mm u m an art i f icial-
diamom -id fornming device of the General Electric type . Ti is fracture occu mrred i-in the si el f . . o f t e r  use! Thus ’ cure lay
i n proper prestressing during nn ammufac tune .

Thme progran mu was well seeded with pape rs i-in direct app lications. N . Tamnigucini s-if Nippon Steel (‘ o u rp .. for
insuanmce. gave ann account of son-ic work on rep lacing tine ( ‘Inarpy test for  tIme dynm amumic t ransi t i m n be h avior onf
s tructural steels with a dynannic tear test developed at the Naval Research Laboratory. 1’lne t ranisi t  ion fr i - n ut du i c t i l e
to br i t t le  t rac ture  is , of course , i f  great importance in designing wi th  s t ru c tuira l  steels. Tanni guc hi pr oupo ss ’d t h iaf  a
transition temperature for crys ta hl in i ty  or fracture appearance he used ( ra t h ner  ti - ian an energy cri terion ) tour  t ime
dynannic tear test and noted that this trans ition ts ’mperat ui re correlated well wit h br i t t le  f ’r act ure arrest ch ar-
acteristics rather  than with fracture in i t ia t ion.  f . Yokobori of Toho -iku t Jnn iversi ty gave a paper omi t ime results of
t ests on vascular substitutes for medical implants. A nmechm a nica h systs ’nmm of p h unnbing ansi pummips was mused t o - i
siniulate the inummuan circulatory systenm , The various mechanical param u uete rs n u b  an ar ter ial  sv s t e u u u were ummo deh led :
cardiac frequeunc y and output , perip heral resistance and ar ter ia l  coti up l iance . d c . iwo kin - isis of ar t i f ic ia l  a or tas
were tested and tine strengt h and leakage clnaracteris t ics were mumeasured . In am u other paps ’r with - i very i t u u r u u e d i a t e
p ract ica l app lication m s. B .G.W. Yes’ of General Dy namics/Fort Wort h described a search -i for a n m uru dest r uc t ive
evaluation (NDE) nnnethod useful for rivet holes and screw holes. Tine usct ’uI ’ l ife of so t nue a i r i ra n u ne  m me mh ers  are’
h inmmited b y fat i gue crack ini t ia t ion and growth - i  s t a r t i n g  at  fasfem ler h oles . Yes’ wo rk s’sI wi th - i  a concept o f a m m  “equiv-
alent initial flaw size” defi nmed by extrapolation frmnni fractograp hii c data generated in the cou rse of fati guuimn g tests.
For the NDE measuremnents a signature was used from a m agnetic probe lonwered in to  thus ’ iminh e (200 k i i i .  cinn-
t inu ous wave). The probe was of only 2 mills in dianueter ,  TI - is ’ RMS suirface ro nm g him me s s un n easured correlated t i - i
soumme degree wi th  l ime nmechanica l tests. F l u i t in g  mmuarks left by hori n ug tools oftcuu were time soumrces n - if crack initia-
ti omi . hut  so umue apparent l y  sui um oth holes also produced cracks. f lue  s tudy is sti l l  lu - i  progress .

Noundes tructi v e eva lu m ation nuethods was a well cmuvercd tonpic  at  the  coru fcrcmnce.  Y . Y oshmioka ouf  \ lu i sas iui
Inst i tute of Technology, Tokyo , presented au - i X-ray mmuethod of detect ing dec ;n rh om u i ieml layers  oni steel.  It  is ap .
parentl y already knn u - i wn tha t  X-ray h ine-hr o adenim g correlates wi t h  t ime inardnus ’ss in r unany nuueta l s  am - id t h is ina s
been used to subs t i tu te  for ind enta t io n n  tests for comp lex simapes m )n ton avoid nmar r in g  a surface.  \ oshni ouka ’s lab-
oraton ry alsm -i connre lated t h i s  h ine-b roademmi u i g wit in dccar h innmizat i o n r u o u l  several e n n u n mumer c i a l  -~t s ’el s. Tenus i le resis hu mal
stress was snhserved inn the mh ec arbo nized layers as opposed to counuuprcssive residual s t r c ’ssu’s 1m m n - i n nndecar hom ni tesh
layers, Time met hu ond could be mused tm - i mu - ic -assure the  t h i c k n e s s  - i f m hecanh o nmi , a t ion  anil tended tn - i  i n - i d i c a t e  a sonine-
w h at t h mmcks ’ r  l ayer  t h a n  dish s tanm l ard inarm i nuess tes ts .  ( .  ( ‘ag h io t i  ouf t ine  (‘enntn o - i  S tudi  Nu c leari  Enricou F eruu - i i
gase a talk nun i thus ’ ac om i stic euumissi o nn o u t  f r a c t t j r e  imu s t ee l  liv c a l c u u i a t i n n g  f l u e  el ; o s u e em ner gv c n - inve r t em l  i m m f o u  s ou t un s l
be cm-included that  it was uuf the sanme i-irds ’r as tine energy oil  d e f o r i u m a t i o u m i  , o t n n i p - i t u m r e  I’ . I) . M a r ugah giri u-if t ime
Ind iann luis t i tute  of I echn m - iuo ngy , Bangalone. described so nn un e work onru thus ’  a c omusm io “ u n u s s u o m u n s  ont ’ plywood. By Fo umrier
a nmalysis u f  t ime signatures hue found thmat th ere was a predmu un uinani t  t r e q m me mu cs  f o n r  c’ .is ’li sp ec uumm e nn w huicim us as i t d e -
penden i of load, Tm-i som mne extent . th u s  f requency correlafesh wi t h  t ime  ho u anl  ~ t f a i l u re bou t  t ime real utuour a l  ed fhmi s
st u u ry was timat tre qu i em - ic y analysis cam -i he emsem i t in gather im m f i m n m m mat  0 m m t n o m u m m  t i m e  w h m o u l e  r au mge  m f  liE si gmuat  ores

S. Redner of ’ Pimotoc lastic Incorporated gave a su rvey ta lk si m m the  uisc o u t  pimi u to u elas t ic i tv  t im d e t e n u m n i n n e  s tress
fie lds . Tine talk was didactic and five different m u metitods were discu sscml tn - in  ca lcumla t imug stress n u o t e u n s u t s  t ac to rs
f n o - immu unmeasu m ne mi f r imige  pat terums . Inn a simunpie case , it usa s sh ummwn t h a  ummu n - i a i t  er whu e lm r t u e t  inn - i d of calc  uiha t  i o n u us -as
u sed - all mmmc th iods gave values wit inimm I 50:’ m i t  s’aciu othnen . ( o u m m u mmenit  s were also - i g ive u n n - inn t ine p nu u hl eun s  a mm ml mite t i uoumh
u- if molding suitable nnode ls, To a r e mnu ark f n o n m m n tIme f loo nr tim - at  t ime deve hm npnmmcmmt o f  finmit e e l en u u enmt r umet h ioud s i - i f  cal-
cu i-atin g elastic prob lems mm ade digita l computer solutions “bette r ” t inau n phi nto ela stic “amu a l ogmic ” so loi t io i mis .
Re dner replied that  finr neas oun - i s u - if  price , t imnm s ’  m d  delivery . h i s  bu siness  has m ioubled s inuc e t ine aml vs ’ m - i t  of f i n n i f e
el emn ent m e t imo oils. The e xpe n inn l ente ns ses ’m mm eml ton en j my t hat  - Tin z mn o t h e r  q t mest i onmm i - in - i t ime pons sib i i i  t v of u i s i  mug
p hu otoe las t i c i ty  tm - i n u ueas mm ne stress iuu .0 l r i g i i t cmn imn g  set in t’ s ’xf t enni s ’ c i r c m u n u m s t - o u u c -e ’s a umo h m u  f lue  imu p e n i u m o u f  a 11 , 1101 i ’o ’u f v
Redner caumim ’ tip with aim o n f f — t h u e - s ’uif i hui t  p lat u si h le sui gg estio u um o mf h i monkimug i r m t n u  t h u t ’ po s s l i - i i h i t i c ’s u t  a l u m u u m i m m i u u u m

ou xide Our omt hc r glasses as p lmuu to n e l ’ast k e l eu n eu n t s - It was a ums e fu d t a lk  ,mn n i cm e u  I o m i t  t’TS u r u l u s ien t  t~0 0

An ear loe r t a lk  b y (‘ . W S u m n i t i m  n u t  V i r s ’ m n o i a  I’o m h v t m ’i h m n u l c  I u u s t n t ’ m t m ’ I o , m n l  i i i u m s t u . m t s ’ih t i uo ’so ’ ; u i m o t u o m ’ias f i c  u u u o ’ t i i o m uhs
to a par t ic t i l a n l v  large audieumce. m m thmms n a l k , t i m e  resumi ts  of a c o u u m h i u u u n u u o g  l u n r u g  t c r u u u  b r o u f r ; m r m m  W o  u o ’su ’rn tu ’oI I l i e
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subject was a distinu ct ly three ’dinrue nnsi ouua l situation , a nozzl e in time wall of a pressuri zed react loin vessel. I mi u n t e d
that Sun ithn considered tine mmmetho d as a cineck s-inn timnite ele u nnen ut calculations (ratiner thu - an time m m t h er way ar i iw nd ) .

The ran ge of nunaterials discussed at this nnm eeting included metals , plastics , rubbers , soil , rocks at - id biological
tissues . Whnat is rem mnark ab le to mine is th u e similarities of the nnnateria l s rather than their differ enuces. 1’s-i be sure thus ’
n -magnitudes amid ti m nn e scales mm u ay be of different orders , but the phenmo nmena are qualitatively r m nuc h m alike. Je ffrey
Foung from thne Nati m umn a l Bureau of Standards , a colleague , presented a paper on mu uu ltiaxia l fa t igue amid unmath m e-
nunati c ah modelling inn w in i chm inc postulated a sort s-if correspondence principle between a class of m u metals  at elevated
te munperature amid a class u - if polymeric materials at room tem nperature.  To-i justify th is , h -ic sh owed a p lot n- i f  i so m.

cimronous curves s-if nu odulus versus straimn for co - imm umercia l a l utun i uuum m n , 304 stainless at 593 °C , po iyet imy l emme and
PMM A . Tine simn nilaritie s were apparemmt. Now , of course , t imere is always sonune p h eno n m i enonm wimich is peculiar to
each class of materials , so tin - at the idea of mmuateria l simmuii ar ity nnumst be used carefully and with insig ht .  I dm .n r uot
kn ow of a n et alh ic equivalent tm -i crazing for instance in poh y m m ners ( t h ough I would not he suurprised tm- i find t h a t
there is one), and inn crack propagation across plates of plastic a phen cumnuenon known as “tunne il im ng ” occurs
whmi ch is nnucin unit -ire uniusual in nnet a l plates. But , consider tine advantages of experimenting on polynm iers at
room un te u mmperatures conupared to steel at inigh temperature.  A lnig hu proportion of the papers at t h is conf ’er en m ce
on fracture nuec inanics prob lemmns , purportedly of rnnet ai; , u ltiunately appealed to data on po lyn mneric munaterials:
photoelasticity . dy mnan u ic crack propagation , wave phenn o m m memna. M . Sinmu nuel y of the Techmnion gave a typ ical-paper .
His f in i te  dif ’ference calculations of fracture mmmechanics examined t u e  detailed effects of tIne shape of crack tips
on crack prmnpagation velocity, the effects of Poisson ratio , overs ius - im- it in stress intemusity and the re l atim nns hu i p be-
tween pulse duration and critical crack lengt h . For experinnmeunta l  cm nunnparisomms he used data on steel and omm
epo-ixy.

By tine exercise of cm-imnsiderab le restraint l i-i -ave mum - an - aged tm-i cmnn u c l ud c th im s article wi t h n m nut  s-mud s-if t ime t ire-
son-inc puns on “fatigue ” or “fracture ” sun o f ten  encounntered . unot eveum a wisecrack.
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TI lE POLYMER RESEARCH PROGRAM AT
THE TAKASAK I RADIATION CHEMISTRY RESEARCH

ESTABLISHMENT

E. A. Kearsiey

Pu - ilymmm en i z at io m n and vu lcan m iz at i onn , cimemm mi c a l processes at t I e  i eart of the cot nnnnercia l poly m er ci ner m nistry
b u si ness , are usual l y do ne by catalysis requi n inug difficult conmditions of tc m n peratune or pressure. Irradiatiomu offers
an alterm na tive munet i nod of achieving these processes wi thout  time awkward conditions amid wi t inout  tine (snften
expensive ) catalysts or vulcanizing agents. Sin-ice hig in innteunsity sources of radiation are available itt t h is nuclear
age (som -inetimes too readily, p erbnaps ) , it is n o t  surprising t lm at  i rrad l at i s- in is playi n g an increasing ftn le in pmm ly s m i er
technology . Of four laboratories of tine Japan Atonnmic Energy Research -i ins t i tu te  ( JAER I ) ,  the Takasaki Radiat ionu
Chennistry Research -i Laboratory is that one specifically charge d with the task of protnoti u ig the use of radiatiomn
in cornunnercial processing , I certainly expected to find a significant program uu in polymers whmen I recently visited ,
but even so, 1 was surprised on arrival to inear an estinmate that about 700:~ s-if the researc h effort at the laboratory
is directly related to synthetic po lynmuers.

C enmu m nmonly called Takasaki Genkenn , Taksaki Radiat ion ( ‘ime r nis t ry  Researc h E sta bl i s hm tunent  is ah s- iut °)O
kilometers northwest of Tok yo in Gunui na-ken , slight ly  less t inan a two .hour train ride fr i - in -i Tokyo ’s t enn ui
Station. It has extensive grounds with eig ht or ten buildings , a staff of roug hly ISO peop le and an annual u-ipetat -
ing bud get n - i f  a l i t t le  nmore than 300 m illion yen or sonuet iming over one million dollars. (The reported mp e ra t in u g
bud gets i-if Japanese laboratories always strike n c  as mi nu ps - i ss i hhy low . hu t  I h ave yet to pe r netrate  time nnys t e r i e s  u- i f
hm uokkeepimng dee ply enusuug hm to put t n y  finger on this ’  re -ass -in.) Thu s estah ii shn iient is bui l t  around t h ree Cobalt-60
irradiation facilities and several electr on - i accelerators. Activities range f r o m mi researcin of a quite fumidamental
nature throug h deveho pn n enu t al researc h and on to actual , small pilot-plant production -i runns. Food i rr adia t io n
production rut -is inave been -i de mm nonstrated at Takasaki Genken , for i m stance , for the prevention of gert uu innat ion ot ’
potatoes and onknns . for killing iuuse c t pests in stored nice and for tine uu sua l sterilization of perish -i - able foods in
sealed containers.  These production ruins were dsnne at a special Food Irradiat ion Deve loptm nent Labsu ratorv ,  The
Pil ot Scale Research Station does radi atim i n in - idu ced po lytn n er iz ation in the gaseous amid li q uid state and po lYum me n i .
zation at low temnuperatures . r ’a diat i mnu cross .lmnking and ra ih iati c - in graft ing of po lyn ers. l however . time Divisio un m f
Researc h was i f  numore interest to nne . and it was there that  I visited Dr. Jsa innu Kuri y auuna amid h i s  co -il heaguu e s v0 - im o
do quite fundamental studies in polymers researchn related to tine mnuission of this establis h mu i ent ,

Before describing the polymer re se arch -i prs gran mu of K ur i y an mma s laboratory . it is wortluw hu ile reviewing tine
technological prmnjects at Tak asaki Genken . of whic h a unun u lner are ui omn .po hyti i er related.  On- ic very treun s l y pnm nj ec t
is tine radiation treatnuent s-if exhaust gas pollutants.  I r rad i a t iu u n has been -i successt ’u ll y s i mu owrn tin re m n muw e sin ’m nuu l ta .
neousl y h mn th SO2 and No~ fronmm exh aust gases. As an extra kicker , t ime sodium h vdrmmgeu suul t ite wh ich m cs m ml t s
is then reacted with ~-ole fi n by electron beam inr a diat ionn tm - i produce a sm-ift deferge u nt  c o mnta i m nimmg mmo aromnati c
rings. Two pollution birds with - i on-ic stone! Engineering studies i-if t h ese processes are nm ow inn progress. Inn a sim u milan
vein , radiation treatm mi ent  of waste water beyond redenuption by b imul ogi cal nmeatns is umuder cn i nsider a t iom u ,
Radiation-induced reactions between carbon monoxide and h ydrogen are hei mng stmmdis ’ d wit h a m eye to - i svn th esms
of valuable resources . Cim enuica l reactions induced at low temperatures by fast mmeun t r o mms . ga um ini na rays amid o ut l eu
fi ssiuun fragnuents are being studied. Reactions inn anunnonia . nitrogen. canh o o m i r uu n nnn uoxiu he am -id imy d no u c arhon mms lm . ive
been looked at so far. Another idea is to produce h y drogen -i by hi ghu . t en mper a t  one crackiung u f  c.ou’ hnnn mu u onmio x is t e
wi th  m m u e ta l l i c  h alides. The p la nm is tm - i use a huigim te m perature gas reactuur inn a closed cy cle pro u c e ss R a d ia t i o um .
nndu ced ch lonm nat im nnn . liquid phase ouxidat ioun and the cracking of oione are ; mls n m u m numlen s t u u s t y ,
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In a soimuewhat different vein , a mass spectrometer is being used to st ud s the mo n is  t p o u s u m u v e  amid negative )
produced by an impacting electron beanu. A 600 KV pulsed e lec trs u ni  b e an m n generator  is also used to urradmate
various gases in a study of electron diffusion and the pinch effect.

The simple geonnetrical problem of achieving near honiuogeneous irradiafiimn in a large rn-ass of material is an
important one for commercial app lications. Pilot scale irradiati mnn exper iments  at Takasaki Genken use a systenmu
worked out there for hand h inig large cylindrical masses. Another systemn uses a nnov ing bed reactor and 7-ray
irradiation in a continuous process. The effect of t i e  conditions of stirr ing of the irradiated liquids on tine uni-
for mi mit y of the product has been clarified in the course of the development .

Polymer-related developmental work at Takasaki Genken is particularly exten sive. Radiation induced poly-
merization is , of course , extensively studied. Pilot scale pr m -iduction of polyethylene by irradiation of eth y lene
is actively pursued. The product is a lim e powder of n ed iun i den s i ty  polyeth y lene. I t has an ex t r ennnly  large
specific area. Irradiation of solids or viscous liquids can also be used to prod uce solid material with very low resi-
dual stresses because the process need not significantl y heat tine uu n a t en ia l .  Abrasion-resistant film and possibly
even stable plastic lenses are seen as promising subjects for such a process.

Graft polymerization, a technique whereby two or more polymers having different desirable properties can
be grafted together, can be done by ionizing radiation. This makes me think of Bernard Shaw’s reply when
Isadora Duncan suggested they might produce a most remarkable child , one with his mind and her body. You will
recall his answer , “Yes , but what if the child inherits my body and your mind!” Presumably this problem lmas
been solved, since at Takasaki Genken styrene is grafted onto rayon in a pilot scale plant to produce a fiber which
spins better , dyes better and has better tlnernnal setting properties than the original rayon. Graft polynnenization of
acry lonit ril e onto polyviny l chloride fiber is also being studied with an eye to improving the thermal properties of
the PVC. Sinuil anly the inmpact resistance of PVC is being improved by grafting on butadiene. High tensil e strength
material has been produced by irradiating a slurry of polyethylene power in various munonom iners. An anti-fogging
coating for glass has been made by irradiation manufacture of a vinyl-silico n con npu -iun d which cat -i be used to
treat lenses or glass surfaces.

For elastomeric material, radiation can be used in place of vulcarmiziung agennts to induce cross links between
polymer chains. FIaune.retardant and heat-resistant electrical insulation Inas been produced in -i this way in-i indus.
trial processes developed at Takasaki Genken, Extensive studies of radiation-induced crosshinkinig h ave been done
and I was shown some flakes of polyethylene film which hi-ad been m ade transparent in this way. Samples of
fluoride rubber after th is treatnnent had imniproved chemical and thermal resistance.

A reverse process occurs wheun even heavier doses of radiation serve to break up the m olecular chaiuns of
polymers rather than induce cross links or polynnerization. This p henm -innenon nnay be a usefu l way to convert
industrial  wastes into valuable products. Takasaki Genken is lookimug at t ine radiat ion degradation of pm - ilv te tra-
fluoroet imy l emue (an industrial  waste) and is able to produce usefu l stable lubricants. They fm - ave also estab li simed
that radiatiunn degradatim-in of atactic polypropylene results in a serviceable photo-sensitizer for polyo letim-is
Further  studies of radiati oun degradat i omm have resulted in rec s mnm r u i emmdationus fsn r radiati onm - stah le oils and r a di atiomm-
resista unt cable insulation for power cables to be used in a boiling water type reactor ,

Radiation curing is anot h er theme at Takasak i Genken. Current projects are a radiatiu - in - cured water-based
paint . radiation .cured glass-fiber reinforced p lastics . pol ynneri zation of u iu o mm sn nme r - in nm pr e gnatcd  cm - incrc t e amnm l wood-
plastic com posites. ‘the po lynner - inipreg unated concrete has hig h mcchannica i strengt h , is chemically resistamit an - id
impermeable. It seer -i -is a pr mumuu isi n g mater ia l  to contain partic u lar ly  nomx i m-iu s  in duus t r i a l  wastes such as radim ua ct i ve
nuaten iaI or spent plating solutions.

Several p in lym ’nen ic radiatio m u dosinneters h ave been developed in ers ’ a Eon , based simm plaques of pm o ly tc t rat l uion no m-
eth y lene. cellulose tni a c s ’t a te  annst uniethyl nnethacry late . respectively. Annmnt l uer  type umse s inmmmrganic  cobalt glass
-\ krypton .85 radiat fomi source h - i - as been designed anti demum o nst ra ted  as i n s efum l for pmn ly n m us ’n i i a t i unu n.
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To support these technolog ical projects , there is a substantial polymer-research program in the laborator )
of Dr. Isamu Kuriy am a hacked up by an impressive array of mnodern equipment. An unusual X-ray scattering
appar atus , for instance , was equipped with an ultra-s iuarp monochrometer . By means of a curved ~ quartz crystal
of Johansson type , the m -inono chron mneter could transmit a copper KQ1 line as a ray 4 n-m utes of arc wide (between
m al l intensity levels) and virtually eh in uimmate the K~ 2 line from the output.  Scintillation counters are used as
detectors and both t i e  incident and scattered X-rays are monitored. Another more conventional apparatus for
small angle scattering had a rotating anode. Other apparatus included a scanning electron microscope , a differ-
ential scanning calorimeter , differential thermal analysis equipment , a new high resolution nuclear magnetic reso-
natice (NMR) spectrometer with a minicomputer control and data aquisition system (100 Megahertz at 22 x
lO~ gauss), an old (10 years) broad line NMR spectron ueter which can operate with - i either of two tn nagne f s  ( 1 3
Megahertz at 6 or 7 x 10-i gauss or l t . Megahertz at 14 x i0 gauss). In addition there are an electron spin reso-
nance apparatus , gel permeation chromatograp h , a mechanical fatiguing apparatus capable of monitoring fatigue
of a sample during irradiat ion and a stress re laxonieter (in extension) which will handle three samples simul-
taneously in a thermally and chemicall y controlled atmosphere.

With this sort of equi pment , nnethods of measuring crystal size distributioi and other muuorpho iogica l data
was worked out in Kuriyama ’s group several years ago . With the high resolution X-ray apparatus.  si gnificant
differences were found between the morp hology of molecularl y linear polyeth y lene (LPE) and n ioleculanly
branched polyethylene (BPE). Now , since the early 1950’s it has been known that 7-radiation will polyn n eri ze
gaseous ethylene under pressure to produce a powdery pol yeth y lene Quite naturall y then , there is ann extensive
program in the physics of polyethylene at Takasaki Genken. Since radiation induced po lynnerization of eth y lene
can be expected to produce highl y branch ied ma terial rather than the LPE comnionhy found in catal y t ically poly-
nme rized niateri al , the differences are important in estimating the commercial poten tial of the process. Tine radia-
tion po lynnie rized polyeth ylene produced at Takasaki Genken (called Takathene) has a number average molecular
weight of 8.2 x lO g , tor instance , about twice tinat  of LPE with the same relative metiuy l group content (based
on ER measurements). Mechanical relaxation - i measurem inen t s and di ff er enmti a l t lternn al analysis mneasure mernt s of
Takathene showed that molecular mobility is less thi an thnat of LPE. The material is visualized as a mixture of
snna ll inuperfect crystal in an anuuorp hous fraction. Thue unnole cules are presumably strained and im in nno h i l e relat ive
to the mimolecules of LPE n - if  the sanne mu n olecular weig ht .  Tlnroug h electron microscopy. differential s can n n un u g
calorimetry (DS( ) an -id gel pern i eaf ionm chr omat o grap huy (GP(~). a detailed picture er mnerged.  Tine et lec ts  s-if thme
tempera ture at which the ps dynneri zation was carried out beca m e apparent .  It seen mus thu - at  tine mechna ui usnu o of
crys tallization that occurs below SS tC (ham n ellar crystal with irregular faces) is d i f i eren n t  frounnu t in - a t  occurring above
60°C (spherical particles), hut  in b oth - i  cases the evidence is tha t  folded cima in crystals  r a t h e r  thamm extende st  c l i a i m n
crys tals are formed. It  was found t h a t  the polyethylene powder formed by rad i a t ion  po l y muie r i i a l iomn co uld easily
be molded into an - i almost t ra n sparent  f l it - i - i by c om u upacting,  and with  pressures as low as 20 k g !cmu - i at rs - ionm
t ennperaturc.  Timese tranusparent  f ’ilnus too wer e exanu ined by vari ous tec hm ni qu n e s and s hmn mw n n to he mo - im u p ois cd  n - it
shacked snn all i rregular  lan u meh l ar  crystals. Pm -i lyeth ylenc c amm he produced al so -i by m n u . m d i a t m n u g  va r u mmus  f iy d r m m c a r h u m n u
solvents and alcn hu ol s rather than gaseous hnydrocarhs unns.  \ thoro u ig im s tudy nut  snmcio  pmuh ~ em h o v l em ies  hi - as a lso b ee m u
done.

The effects i- if nrradmation of Lh’E p ouwuler hnave ah smu b eer -i s tudied at i a k . m s , mk i  ( enuk e nu . espe0 m .m h f ~ h~ k u u n i v a u m m a
and Hayak awa. A l thu n ug in t ine rcsu l tm nug mmia te ria l  is tin - i t  very sm u l uhhe . t h m e ~ n m t e  t i m a t  w h e u n  exp ose ! t o o  .a s o i m i a h h s ’
soulvenu it dmics ) u u r m u u  a swollen gel. Timis gel can - i he studied w i t h - i  l ui g l u - r e s n o l m a t i o u n  N M R.  ~ ith i t i m s ~ NM R , t hey , in e m u a
pousition tm - i m mn uumni toor  a t  a mn o lecu lar  level t ime  e f f e c t s  sit m u r a d i a t i o u m .  (‘o m t m n h u m i i n m t  t h i n s  w u t i m  a c l , ms sk. i l  s t n i o h ~ of t I m e

ui e s b m a nm c ah pr omp s’rtie s versus t emperature . t imey are ahls’ to as s om L i a t e  peaks a m id v ,o l ) ’ ~ sit th is ’ m c s n a h n i m m g  corvi ’s wm m bi
tine shipping,  tw i s t i nmg  u r  k ink iung  s-if uu s le cu l ar  ch mainm s or o thuer  su h tuu ic ro scn - ipi c c & u m m m p o u n u s ’ru m s a ho n i s u tm es s  dear mom t i m e
hearts ui f umuuus t  poh ynuner  physicists.  For t I mmuse no - i t  hus ’p  t o o  I h i s  t u n i c ,  a less o occulu tuma t met us t h u s ’ mmmci  h ioud u - it usm n ig
N M R for the deter m u nm a t  out s-if n u molecuha r  weig h f . It  was observed t I t a t  po lyc t h - iy lene mr rad i a t  ed mum a i m  regis ter  sd
tinny hu t  well res inive d side peak m u  i t s  N M R  m r a c e  at t ime base n - i t  t i m e  nisual ( . 11 2 peak o n n sf tmm ~mrm l y  seen -i P n c su im i i a bl y
mIni s  was du m e tn - i  ( 0011 gnu uu ips fo - irumued on t ime  en ds  of c h a i m u s  d mmn immg ss n ss m o o tm.  m u  pnmmmci I n l e  t i m e r - i . t ime  r a t t u u  o m f  th is ’
hen g h m t s  o u t  t hue peaks sh ould give a runca su ire oh t ime nu i nn i bem m f  cmiii groups ms ’ l a t i v c  lou  t i m e  m u u m m m h c r  n- i f  gro - i tu p s  arm f l u e
cha inu  aumd ime n nce a u i easuirc  n f  the l enmgt hm m t  mime cimaim i our tIme um o - i l e L- ulan wei gh t .  ( d’C i s a  s t a m u d a m o l  nm me t iuu - i i I  m f

mt - ic asuring nmuo ile c u m la r weig ht t , mmmc l t i m  ng pm l imi t  (oh e te r rumi  mmc d by E)S(’ ) us a nmont  h er way , iim&h ‘ a l l  .0mm ~ls’ \ - ra ’,
s c a l f e r i n i g  n s a t h n i n u l  Kun i ’ , . m , um a ’s a t r om up t u uu m mms l  t h u a t  all t’m n ui r  m m n e t i m i u d s  : n g u s ’col T o o  w i r i m u m n  i t ;  . .n vm ’ u \  p le. .m nm m arud
im tpne s suve  t a l l Y  h in t  the  m x m d a m i a u m m  u-il  c h u a t m u  ends muccu n s o m ii ~ fou r m u i , m t c ’ r i : m l  u m r a d i . i t e u h  mum . 0 m m  m i t t - i ’ m t i m a n u
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inn vacuum and vacuum irradiated mni ate n ial produced a very di t te remmt NMR trace wit h a snmo ut iu broad based peak.
Presum mn ab ly, cross links are important in this material (as oppose d to scission and oxyd a t i omm in air irra diated
tuna tenial). These studies revealed other nmechanic al prope rties and mumorp h uo l ogical  diffen en ces associated wit i m tine
conditions of irradiation.

Traunsparent sheets of considerable com m ercial importance are made by i- ia - it-rolling higim density pol y-
eth y lene. Tine textural changes in the polyeth y lene induced by t inis d e f o nrn m atio n i  are u - is - it well understuuod and are a
subject of wide interest and study. Dr. Osamu Yoda is a nnennber of a group whm i c i u wi-irks on thnis problem. The
high resolution X-ray scattering apparatus mentioned earlier is the group ’s principal tool. Using a m m neth m nd t h ey
m a d  worked out earlier of extracting data on crystallite size and or m ent ~mt i o n and lattice deformation fronn time
Fourier anal ysis of X-ray diffraction lines , they infer changes in nu. mrpho logy induced by hot-rolling. The virg in
unrolled po lyethmy lenn e is composed of lam ellar microcrysta ls funned of folded ch mai m ms . usually in spheru ml i t i c
structures interspersed with amorp hous nn ateria l . This group ’s work shows that  for roll ratios less tim - aim four ( ri - ill
ratio is the ratio of the thickness of the plastic simeet before and at ’t en rolling) def ’om n i ati m n occurs pr m nncipa l lv b y a
slipping between lanne hi ae ~icconnpanied by a breakinmg up of time erysta il ites . hut without a change m mn time a umn ount
of crystalline mim aterial. For more h eavily rolled nnate n ia l (roll ratio greater than six ) the erystal l ites di m nu ot break
up fur ther but sonnm e sort m)f chain unfolding i- in recrystalli zation nnnay occur. Timese inmupor tant  studies are aim suut -
growth of earlier studies on the uniaxial drawing process.

Dr . Naoyuki Tam n nura is associated with some work related to the graftiung of materials onto pol ye thny l en - i e .
Meth yl nnethnacry l at e and hutadiene are time principal mater ials  grafted.  Inn this  work , the electro n spun res oumamnc e
apparatus is the princi pal tool. The chennistry of tine graf t i n g process innv ohves radicals pr mn duc ~ I by i r radia t im un.
and the kinetics of th eir production and c ’  nsumpti on is tIme key t i control l ing thu e process . It is a L oummmp l ex
process occurring on-i a microscopic level. Apparentl y. a lkyl radicals formuned by ir radia t iumn n - it t ime pn - i l~ et hi y l ene
migrate freely throug h- i time crysta hl ites. On time other h and , tine im m on num u ners  to he grafted can diffuse t h iru n ug i m tine
anuorp hous polyethylene hut not throug h tine crystallite. h e n ce , it is at the surface of the crysta hl ites tim - at graf t immg
is ini t iated and it t h em -n proceeds into the amorp hous regions. Onm the otiner hand . ss nune a lkyl  radicals commvert inn t m )
all y ! radicals (time difference is that tine former are sa tura ted while t h e  h a t t e r  are t in - i t )  an-id are trapped near snr i-in
tine crystallite surface. When polyeth y lenue has a hni gh contemu t of m o t nu - itn - i er tm - i he graf ted . it is t i-ic alk y l radicals
wh ich control the grafting. but when the mmuunon i er cm - intent is low it is fhe  al lyl radicals. A detailed p ic t uire of t h is
intricate process has beenm worked out by Tanuura and his colleagues by using DSC amnd LSR to - i s tu u dy c r v s ta l i i nu i t ~
and radical kinetics. More recent l y. they h ave been interested iu trapped radical pairs. To genuer ate good ( S R
traces , thiey hi -ave gm-inc to sitngle crystal mats of polyet h ylene or even single crystals s-if nu-eicu sau ie and wi - irk mm i th
thnese sarmn p lcs at li quid nitrogen te m perature . Fo r crystal h i tes in po lyet h ny l ene they  h ave son far observed ouu hy  l i n t  m a
ch ain radical pairs hut  they infer that  inte r- cbn a iuu pairs are also t h ere, in t h e  singl e crystals wi t h  relat ivel y nmn zu d
and ex act lattice geonnetry they have managed to see the inter-ch ain pairs.

In tine last issue of the ONR Toky o Scientific Bulletin I nn enti o - i ned a “ t o n po- eh menm u ical ” r cac miou r u  h emm u g
studies l at flue I n s t i t u te of P u l ynuers and Tex tiles by II . Nakanishni  at - i d M. Il asegawa. m u  f i na l  case, hi gh - it  mm cu denmt simm
a crysta l s-if DSP imumluced ps - ih ytnueri z at i mu m. A “ts - ip m - i - e hme m ummca l” reas’f i s - in - i is a hsu h - iein m g stud ied at -l ak as ak i  Gc r uk e ui I nn
t h i s  case, a crystal m l  f c t r a m nxammc (a cyclic tet rainier of for t n a i dehnyde )  us i r r adiat e s l  h u ~~ 7 - n a y s  t i - i  u m m m l m m ce p n - i l y n r m c m  u/ _ i .
l i o n. It is a process u m nder study at several ha hm r a t oo r i e s  ( in e l uudinm g u mmy i m i - im mmc lab, t ine i’o u i v m u n crs l ) mvm sm u m am the
Nat  m u nn a l Bureau s-it S ta m ndards  I. Tine details u - if what  ae f o al  I~~ o-iccuns arc st i l l  muo n en ahl ishcm l a rusi  ml is a cOiU r n -
versia l snj b t e ct .  Ym - is iniaki Nakass ’ anmsh uut h ie t s  at 1a ka s a km h ave Im - i moked at thus ’ pr oh l euu u simug N - m a y  s c a t t e i n u n e t a m u a l ~ scsi
fou r l ine hr u u ad e tu in g by m i - ic u m mct h o d  mmnent  i o - in cd earl em , eke n o 0 mm t m m i c  to  m smn pc exa r t m in ia  t io uum , ma In o r j m m u m . ’ts ’m v , n m u o t  I )S(
l i-icy t im - id  a suhcrys ta l  sn n ient c d pe rpenmdi c uha r  t o m  t h e t lhn rm lh a m rm nam rn s u y s l a h  pr oudu c cm l at t e u m t p e u : n l u m r s ’s b e h m imo o f )  t

amid a l a n n n e h l a r  type  ,r :sta h para l le l  to - i  l i m e  m n - i - a i m - i  c u s - s m a l  t i o r m m n i n m g  above ~ ( t ° ( ’ . 1 mm t I ne  i r u t e r v a l  - i em\m s’ emm ~ t t (  i n c u s ’
ore  t i nu i s  t h u r  e types  out  cr s s ta l s  f o u u m r u d .

.-\ t e s t  to t  umnu dem s t .im i sf m ru g i - i t  t ime  c r v s t a h h m i a t m o o m  p i omLCsss ’s i n - i p m m l y i t t e t s  5 0 - i nC ’s a b i l i t y  l o u  pn s-di s m t hac  mhs ’b s u u s h .
emm c e o i l  c rys ta l  p a m . a m u u e t u ’r s m u u m l ime f e m m u p e r a t u i r e  at f i n n - i c  o u t  g ru uwth  or a m m n e a h i m n g .  K u m r u v a m n a  mmm d s i - i n n - i c  c o d l e a g n i es  ml
nearb y I ; i i m u m m m a  I umlv u ’m sn - v arc ~iJn pmihl ish m i u ng a m o nt  e iou sm ummme mm n - irk f h e y  lu av e nfou m m c w i t h - i  N~ I mm ( - i f - i  c m V St .0 Is . N~ h u m
w,os p r i ’cip i t atcu l Inmi num s o m l u t u o u n u . pte sse u h ir tn o  s hm ee t s  au msi mh menm aumr neahs ’ of m u m  h m o u t  g l v L s m o l  t o o t  24 l m o o u m r s  h )S( m h m u ’ m n m m o u .
grau m m s u - i f  t ime s~m m m u p lcs  s im ows’m! a nt  ,a ppa t e t u t i ~ d i s c o m m m t m u n n i m m n m s  s lo th  of l ime ruu s ’ l n m m m g  mm ’ umupe r ; i tm imes  ~ ut l i  mm a s ’nc . I s i r ug
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annealing temperature. Small angle X-ray scattering also revealed a corresponding discontinuous increase in crystal
spacing. The data agreed well with the equation of Hoffman and Weeks for calculating melting point from the
thickness of chainfolded crystals. The data on material annealed at temperatures above 180°C were consistent
with a mechanism proposed by Dreyfuss and Keller for the refoiding of polymer chains in crystals.

At another laboratory of JAER I , the Tokai Research Establishment , neutron scattering is used in polymer
research. With this tool , radial distribution functions are measured for polyeth ylene melts to give some idea of the
limited order occurring in amorphous material. While I did not visit this establishment. I gather from conversa-
tions at Takasaki that the results revealed little order in the direction of chain axes , but did show a tendency for
chain segments within a range something like 30 A to lie parallel to each other. 

~~~ --~~~ 
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SOME ARTIFICIAL INTELL IGENCE RESEARCH AT THE
ELECTRO-TECHNICAL LABORATORY IN TOKYO AND

THE UNIVERSITY OF KYOTO

Carl Hewitt

RESEARCH AT THE ELECTRO-TEC IINICAL LABORATORY

In July 1971 , the Japanese Government started an eight .year research and development project on a “Pat-
tern Information Processing System (PIPS” which will require a total investnnen t of about 35 billion yen (roughily
100 million dollars). Pattern information processing is an amalgamation of pattern recognition and artificial m u -
telligence. The Agency of Industrial Science and Technology (AIST) . a part of the Ministry of Imutennat iounal
Trade and industry (MlTl) began the PIPS Project under the ausp ices of the national Research -i and I ) eve l onpnumemmt
Programs (NRDP). The NRDP are directed toward p ionliot ing researc h-i and dev elopnment of large scale te cim na n l -
ogies which are urgently needed for the development of Japan ’s econom mmy and for the itn prove mn ment  of t ime  nma-

tion ’s welfare. The programs are fully sponsored by the Japanese Governm iment with - i clmnse cos peratio - in fron m i h u u t hi
industrial and academic circles.

In fiscal 1973 , the research -i on senu i condu u cfor large-scale imn t egrat c d circu m its (LSI) was annended inn t h e  area
of numaterials -and devices to meet the needs of info rm m nationi systems . Time reasoun for t luis was  tim - at  PIPS int en demh to
develop high-performance one-chip tn u icro-p nm ncess mnrs -as described below amid tm- i rea li ,e pa t t e rn  i n i t m n r r m m a m i m m i o  svs
tems as a connputer complex by combining such process u -irs. Time onut l imme m f  goals for tine LSI project is as f’o lhu u ws

( I )  Logic circuit
(i) (‘onmp lex ity

More than 5 .000 gates/ chip
(ii) Delay time hetweenm ch ips

Less thman 2ns/gate
(iii ) Delay time betwe en -i cimi ps

Less than i O n s
( i v )  Power co n su mum ip t ion

Less t ham O . nuu W/ gat e
( 2 )  Mentmou r y circuit

( 2 . 1 )  ih ig h-speed huf ’fer n ien m n ory  c incumi t

( I )  t)e n isity
Moure t h an 2 Kb / ch i p

( i i )  Access tin u me
Less than SOn s

12.2 ) Main n m n e numory circuit
( i )  I)ensi ly

More t h an I ( Kh /c h mip
( i i )  As’ccss t m ime

L _  
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S( ’IIE DU LF ANt ) l l lI lx ; i -. I

l I me sch edulc of time ei ghmt . v e ar  pro - i g ra m nm is umuade up o i l  t h r ee  ou v cr - l ap p i u m g phases . Time f i r s t  p ina se inuc ludes
mm uost of the basic am - id imntern a l  research , l ime seconad phmas s’ imi c lu id e s  t ime deve im - ipumnenut u - if p il mut m umsudels fa - i r  pa t te rmm
recmngnmit iu nn sub systen mns and other  im - i fornmnat iu - inm pruucessinng subsyste mn s s-in t ime basis of time pri grcss iii research. l h e
flnna l p h ase includes desi gn . fab n icatio m n , an-id evaluatiomu of th n e overall prototype system. The figure i) elow s h mo ws
tine scimedule am - id t ime annual bu idget for time research t imennnes o f  time project:

( Mi hl io n Yeun )

197 1 1972 1973 1974 1975 10)76 1977 i°)78

Pa t tern  Recog nni m io - in
Subsyster m - is

( I )  ( ‘haracter ETL 29 .5 78.3 , 
68 .8 67.1 57.9

Recog u mit io m i comntractors 62.3 118. 9 193.8

(2)  Picture ETL 23. 1 57 ,7 64. 1 40.6 34.3 
______

Recs gniti om n contracts - irs 63.3 99 .0 183.4

(3)  3-L) Object ETL 13.6 65 ,0 66 .3 57.9 623
Recognni tion contractors 17.6 46 .0 48.2

(4) Speech -i ETL 5 1. 9 n4 . I 1)2.9 84.4 
______

Reci n gm u iti o mn contractors 20.0 37.0 98.7

( 5)  Cmwnn on Language ETL 21 .6 80.3 48 .8 41 .8 32.5
amid Natural  contractors
Language Pro-ic .
essimug

2 . Ma terials amid l)evices ETL 1 1 1 . 6  123.6 105,3 106.6 
______

contractors ~ 77 ,8 270 .5 558 .8 873.1 1 , 176.8

3 . lnnfonr m uua t iou u u  Proncessing ETL 24 .(-i 323.2 40 1. 1 467 °) 492. 1
S y s t e m m m  c m unntrac tmnrs  4 0) 1 .~~ 536 .3

4. Plan - inning amid Co n n som l i— ETL (n .O 14.7 16 .7 18.1 62. ____________________________________
dated System - in ’ c m nnt rac ta ns 201) .4 Prof out vpe Svsf emum
P roufon type  -

T u nta h l°)6 .2 1 ,053.2 1 ,575 .5 2 , 12 7 .5 3,370.2

VISION RESEARCH

M asaki Osimium u and Yoshmiaki Shminai  are wi - irking u - in - i t I me  r e pr c sen - i ta t io n n ouf curvemi ouh jec f s  u is m nug  l i mres ’-sh u nm m c um-
siomial in l ’m urnm i a  t u — mm . Onme n - i l  f ine ceunt ral pronh l em u ms in - i f lue  flel d out  t i mnee—u l  i n tmcm - i s iouma l  t i set u I  r c pres c umt at  mi mi - i  u - i l  psi . -

h ued na . t o o t  exam t pls’ , is a set out pl a nu cs our ed ges . ..\ go iu i l re ~~~~~ f at i o n m n o - if gem - icr - al c mirvs ’oh oub j e s t s  I ma s mao-i  m vet b eeu
mheve lope m l .  I h m u . ’re im ave hnc s ’m u s o nmmms ’ s t n i n lk ’ s t om repress’nl c om rvem l mmb ,~ccl s bas u ’n l u - inn  h i g l ut  m m n t n ’ m m s m l \  m n u t o - i m m u m a t m o n n m .  I h o o m m m

~mt M . I - I - huas  dea lt mm t I m  s u m m o m o o l l u  ob j s’m t s . i - in - i t i n e  a s s o u m m u p t i o u m  t h u a t  t i m e  j n u u s i l i o o u  o u t  l i i i ’ lag h m t — s u m m m m c e  , i imol  l b s  sifi t , I~~
p h o m t o - i m m m e l r v  were kniownm , a mid conmmpumt e d  m i m e  gu ’ o m n n e t  m m -  , f  l ot ’ ~u n u  I , - - t . i i  t~ amid I’om p p l es t o u ne  am I o l m m m l u n i m g hm
par t i t i onnesh umu i m u m a g e  i n m t o - i  L- o u u m m u o ’ ,- t n ’ nh r m ’ g i o u u m s . urumi gave t - i rt - m  I io  o f  ~‘~ n o o ~m~, j nmml  f b m e i r  m e l a m  no un s  I hmu ’tm ’ .o u o ’ s o m m m u m ’
pn o u h l s ’n im s mm thuese s u n i n l i s -s based in n - i li g h t  i u u t e n m s i f v  i n f m u r n m m a r i o m m u .  W i t h m o o u m t  a s s m a u u u h 9 n u I s  mmli  i l h m m m u m m r u a t m o m m u  . auun l  op t i c a l
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ch aracteris t ics of the surfaces , one cannot relate geo ui - ieury with in -iage. No some cain guarantee tim - at  hri ghntn ess
always chnannge s at an ed ge. Furth i eriumore , it is difficult to separate occluded objects.

There have been soum me studies on t Ime recognition of objects based on-i range or th mre e-di tm uensi onn al in fo rmm m a-
tion , Using range intornnation this prograun can dire ctly treat geonnetrical characteristics , and easil y interpret
scenes wit h occlusion. Shirai developed a range finder emp loying a vertical split projector and -a TV camu uera , -a nd
recognized polyhedra . In finding planes , his progran u did not use range information exp licitly. Complex objects
were represented as structures of joining part s called get~eraiized cy linders. Althoug h time nuethod is advantageous
to representing bodies which cs - inmsist of cylinder like part s, there m a y  arise some diffi culties for other kind of
obj ects. Kyura and Shirai represent scenes by phmmie surfaces (three -d immmension a l regions), using t h e  range finder.
Their progrann uses groupi-d three .d imensional poimnts (called surface eh enm u ents), which represenmt local feature of
objects ’ surface.

SPEECH UNDERSTANDING RESEARCH

Toshiyuki Sakai and Seiichmi N~i kag~mwa are working on-i a continuous speech understanding systenn LITHAN
(L!sten .TE-hink ’ANswer) speech understanding system which autonn i at ica l ly recogunizes continuously uttered
speecim utilizing hig hner iin~uistic inform m mation such-i -as syntactic , semantic , pragmn u atic infor mmn ~ution ,

Tinis syste um u predicts possible words ut i l i z ing hi mng tmis t i c  infor tnia t is - in ~mt the unrecsngni zed portion of the
input utterances , and identifies time predicted word b y using the opt imumunun nnatching algorithnm between -i a recog-
nized phonemnme string and the phonenmue string of the word diet im - inli ury.

The system could parse sentences h-i tree searc inimng . hunt  time results of phonen n ue recognition and wm)rd
identitlcat ion are not al ways correct , theref ore , the researchers at PIP have proposed a new tree se-arch -i numethod.

LITHAN uses nu uany types of a priori in fo rn - i matiomn : tine statistics of eacim p inone n ne : tine sim ilarity mat r ix  be-
tween phon euime s~ the word dictiona ry the spoken gramnnmar with tine additional in -i fsnruu nation as regards the sps-iken
gramm ar : the semantic and pragunnatic inforunnation.

They have app lied this efficient , flexible systemun to restricted utterances w ini c im include -about 100 words
used to perform operational com mnm imand and query the s tatus  of a conmputer network. W lm emu tested on a satump he o f
200 sentences spoken by 10 male speakers at a r uor mi u al speed . 65°~ of the sentences anu l 930,~ of the inu t pu t  wm - ir ds
were recognized correctly.

RESE ARCh I AT THE UNIV E RSITY Oh~ KYOTO

VISION RESEARC h

Takeo Kanade of the Departnment of Iniformat ionu Science at Kyoto t l mmive rs i ty is workim ig u - inn a pictu u ne proc .
essing systemu u for recognition of imumnan faces . The s~’stenm co nsi sts of several p icfo n ria l .data  inpm ml / o u t pn i t  mlC V icC S
under control of a high-speed miniconupu iter wh ich is counnected tm - i a m cdiu m nmm - si , e d hu in s t conmmp t n ( er . It hi - as hs’emm de-
signed to be as flexible as possible so timat it can facilitate time solution of several classes i- if pr o h l cun i s in - i p ic ture
processing. Many examp les of usage inf the faci l i t ies  den n onms t rate a wide and potent ia l  app licabil i ty of f l u e  sy stem.
Pictures of imum an faces have been suiccessf tmlly ania ly ie d by ~u coum npu t er progra n nu whic h c’m t r a c t s  fac e - feature
points , suchn as nose . nnouthm , eyes amid so-i omm . Tine prognamim was tested wit h nm no nre t imanu 800 ph mo u t ograp hms. F muup i m as i s
is put on the flexible picture analysis schmemmne wit h - i  feedback wh ic h was first  ermmp ba - iyem l  ium t ime p i c t u r e  au m a lysis  pro-i
gra m mm wi th  rem - in - ark - able  su ccess . The progr anmm com - is is t s  onf a c o - i l l e c t ioun of su h r o - i umtines , ea c im ot w im i e hi  w i - i rk s  onn t l u s ’
speci tic part out  t ime pie t ore , anud e lah i ora t e  cou t ru l n i mia t ion  ouf t h ms ’ tum wit iu hack up pno - icm ’ohuncs m akes t ime whi t - i L ’ p~ 

0 uem -ss
f lexible amid am ha intiv e .  An - i experiunenmt i - in l ice ids ’ umf i l i ca t i m n n of 2(1 pe oup le was also cuun u du ne t c d  -

T imsIn i s  umk i Sakai ,  I ik i m K .m mu , a L - mmm ii \ n u i c hi  Ohm t i  o i l  t h i s ’ I ) e p a r t m u n e u m t  mu t ( n m t o r n m a t i o o r u  Science at k vu u t o
‘ mm u v er s i t y  are w o - i rk i n g  mm umm o del  - h i ,i oo’n l m i n t e r  i - i n t o  ,at i - io u - i  of ouni t s iono t  sceum o ’s - 

( ) n i f m ho b u n  scenes i m ncl  mud m u g  sky . t r ee
h mu ul di t ug . can anmoh r o anl  are m o n u o p les wu n l oh l o u t  i u ’ i i n ) o n m t s ’ t v i s io m na . I t  so’ enmms o l i t t I t ’mu l r  t m - i  u e u i i , s ’ sucia n e h a l i v e l s -  ~ o - i m m h u he ~~
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vision system without achieving the clear-cut structure of the model and the countrol scime m mie.  The m u u o um hel l in g ,  h m o o ~
to represent the knowledge , and the control structure , how to use time kunow i edge . ar e the m umoust i nm npo - i r t a n t  and
difficult prob lenmn in conuputer vision. They hnave in -implemented a syste nmu whi ch obt a i mus  the m n n m e r p r m ’ma tuo n i of t e , m I

outdoor scene using the model. First the scene is segmented into regions i)nly based o mun immtens i tv  da ta .  Thuen urnde t
a flexible control structure , the interpretations are assigned to the regions referring to- i the n -model wh michi  is repr e
sented b y a collection of knowledge blocks. The knowled ge block is time aton ic element of t imis nnodeh an-id imolds
knowled ge about a matter in t u e  world: object “sky,” material “leaves .” property “blue , ” etc .

NETWORKS

1. Sakai , T. Hayashi , S. Kitazawa , K , Tabata , T. Kanade of the Departmunent of Information Science at
Kyoto University are working on inhouse conuputer netwonk which - i consists 0) 1 several stand alone e n urunp ou ter
systen mus (hosts) ccur uubined on an equal footing with each other t h rough a high-speed cn - i m un m mmunicat i o nn n e twork .

The KUIPNET (Kyoto University Inforn ation Processing Network) hmas been developed in accorda mtc e
with the above philosophy and it is intended to supp ly augnuented facilities for the infornmatiom u science resear ch -i .
In the subset , the IMP has the capability to transnni l tine data at more than 200 kb ps (effective continuous trans-
fer rate) between two processes in different hiost , which allows hosts to si- i -are the resources on intelli gent ter-
rmninals in real -tinne. TI-ic real-time data  transfe r is umeeded for time prn -i ces s c o o o m p e r a t i n o m t  related tm -i speech or pi cton n ia l
data processing.

Sonic app lications have been greatly enhanced by the processing perfornuance of miniconup uter h osts
t lmr snug lu the slmar inmg of resources (tiles , peri pherals). They are nus w imuves t igat ing the tra ffI c cinaracteristi . s n o t

this network for perfon mance impr o ve m ne nnt.

NATURAL LANGUAGE RESEARCH

Makoto Nagao and Jun ’lchi Tsujii of the Depa r tm muen t of Electrical  Engineering u t  Kyoto Unmiv ersily arc
working inn the analysis of Japanese sentences by using senmantic amud contextual  inforn u af ion. Their parser can
transfornu fairly conmp lete sentences u n t o  abstract  structures um nankes i t’or case . A variat i on on the sy s te tmu  devs’ho pemh
by Woods cal led a n “Augmented Tr a musitio m n Network ” is used as time basis of their program. Tine par ser uul ih i , e s
a detailed semu u nntic dictionary of descriptions am -id contextual  inform nation abstracted fronmu semntences , It is c h a imumed
t h t  intui t ive reasoning, which - i is not easil y formuia l ized by rigid logical operati on s . plays at - i in i np m nrtannt  role in - i
language unul erstanding.  Som mne imnt u i t ive l y  appealing schn enm i as of represenutationi for b oth - i  t h e  sem m namntic desc n iptio in m s
of words am ud context are discussed. Meanings of verbs are described by using a “ca se” cun nncept . Asl s h i t i om ua l  inn-
forn iatio nn is attached to o case franies of each -i verb to indicate what changes the c isc elemunem i t s in t i - ic fra m e um - i a y
nmnderg o and whuat events ni may occur in succession . M e anmi n ngs n - if nounis are also) expressed in - i case- tm amu , c - l t k s’ de-
ccn ipt ions. Nouns also h - i-ave relational slots whic h must he filled in by ot iner words of phrases. Time con - it cxt is
represented in a fe - inn - i similar to that  of the s emuua n mfic  network of Siumnummons on time mm odespace of Nonmu m a m m a h o o rug
with - i some added special lists (NL -Noun List , I INL - -- - h -Iypothetica l Nonun Lists . TL - - - Trapping List ) . Th ese l i s t s
cont ain object s mentioned in previous sentences or pending problem m ms w inichu may be resolved b y sum ec ee ih inn g
sentences. The objects in NL are ordered according ton t h eir degree u)f innportance inn f ine c omntext .  Severa l un ew
techni ques based on bneur i stica lly adnmmissi hl e oper at in- in ns are presented to anal yze: I . com u mpl ex amid lining muou mm n
phrases . 2. cm m njunn c tiv e ph rases , 3. a naphoric expressions amid 4 . omitted wunrds in - i phrases or sent emuc e s.  N a gao o
and Tsujii are app lying the parsing prmngramuu to tine semitences in - i a textbook n - if e l eruuemntary c imemu d st ry .
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JAPANESE GOVERNMENT STATISTICAL ACTIVITIES

K. 0. Bowman

During my visit to 1~lr. Hiroshi Mizuno of the Bureau of Statistics , Office of the Prime Minister . I learned
that the Bureau has a history of over 100 years going back to 1871 , when it was established within the main
office of the preconstitutional Meiji Government. Winile most of the Central Government Ministries have statis-
tical personnel as do many other national and local government offices , the Bureau has the most personnel in.
volved with the gathering and anslysis of statistical data. Mr. Mizuno is one of two advisors within the Bureau
whose responsibility is to coordinate the work. He is also a noted scholar in the area of survey methods and haa
had numerous articles published in the Research Memoir of the Bureau of Statistics. He is presentl y serving for
two years as a member of the Advisory Committee of the Asian Statistical Institute in Tokyo.

The second statistical advisor , Mr. Morioka , is engaged in recording the history of the activities of the
Bureau in a series of volumes. I saw two volumes in Mr. Mizuno ’s office amid I understand there are more to come.
The advisors are encourage d to conduct research on subjects necessary to carry out the Bureau ’s work , such as
research in statistical theories, survey methods of data processing and evaluation of the survey results as well as
compilation of indexes and estimates. The main activity of the Bureau is to conduct a population census every
five years. In addition to this they collect other statistics of importance. The total history of census in Japan
dates even further back than the history of the Bureau. In 1721 , the Tokugawa Shogunate initiated a population
census to be taken every six years. While they may have used crude methods by comparison to today , they never-
theless accumulated data which showed a population of approximately 30 million through out the Tokugawa
period. Census taking continued throug h the Meij i period and records indicate a steady population increase.

While the Bureau was initiated in 1871 , the first modem population census was not scheduled to take place
until 1905. The war between Japan and Russ-’.a interfered and it was actually taken as of October 1 , 1Q20.
Enacted in 1947 , the “Statistics Law” is the fundamental law for the statistical activities of the Bureau. Article
8 of this law governs the activities of the Bureau as follows:

“1. Planning execution and tabulation of the population Census and other basi c statistical censuses and
surveys.

2. Execution and/or tabulation of statistical censuses and surveys entrusted by central and local govern-
ments.

3. Statistical training.
4. Researches in statistical techni ques and methods.
5. Collection , compilation and publication of statistical publications and materials. ”

The organizational chart of the Bureau shows basically two distinct departments , one for survey and ana-
lysis and the other for tabulation. The survey and analysis groups , of which there are funur . do son-ic research
which is project oriented rather thu an basic research. The tabulation groups are not involved with atny research
activities.

Eighty percent of the Bureau ’s employees are female but I observed that these are all lower ladder emp loy.
ees. I did not find even one woman in a managerial position. To become an emp loyee of the Bureau a person
must pass the civil examination given by the government and they connpete in a ratio of one to 20 or more.
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Use of machinery made in Japan is encouraged by the national government (almost all the National Uni-
versities are usiung native-nunade computing machinery). The Bureau , an exception , imported from the U.S.A. a
punch card machine used in the tabulation of the 1920 Population Census; however they do display a 70 year old
punched card counting and sorting machine which was made in Japan. With this long history of using non-manual
devices, the IBM electronic data processing system was set up in 1961 and since then the Bureau has utilized IBM
computers , including their optical reading devices. At present they have an IBM 370 Model 158 system; JEM
4400 system~ NEAC 2200, model 575 system and model 200 system to carry out their computing tasks.

Since 1921 the Bureau of Statistics has also taken the responsibility for the trainin g of statistical personnel
in central and local governments. At present they provide a regular course of six months ’ duration twice a year
with about 70 participants in each class. The curriculum of the regular course is: compulsory statistical concepts ,
sampling theories and techniques , data processing methods , operations research , population statistics , national
income statistics , and designing of statistical surveys. Optional courses are statistical administration , mathematical
statistics , regional income statistics , statistical charts , economic statistics , and statistical classification , Since 1973,
the Bureau expanded its training program and gives a short course of five-weeks’ duration twice a year with
about 30 participants each session. This course ms designed nnain ly for municipal officers who cannot attend a
longe r course. In 1973 another short course was initiated for unit chiefs in charge of statistics of central and local
government organizations; it lasts five-weeks and is given once a year.

Principal publications regularly produced by the Bureau are the following:

1. Japan Statistical Handbook ,
2. Monthly Statistics of Japan .
3. Statistical Handbook of Japan (annually),
4. News Bulletin (quarterly),
5. Summary of Internationa l Statistics (Annual and in Japanese only),
6. Statistics of Japan (Annual and in Japanese only).

These publications are a product of coordination of the information gathered by all the arms of the Govern-
ment.  Most are in Japanese and English and sales copies are purchased through the Gsnvernn ient Publications
Service Center , 1-2-1 , Kasurnigaseki , Chiyoda-ku , Tokyo.

Following are some interesting items about Japan compiled by Japanese Government.

I .  Facts about Japan

The area of Japan is 377 km 2 with 70% of the land mountainous and 67% in forests. (The U. S. is 9363
km 2 .) Japan ’s population stands as of the 1975 census at 111.9 million with about 45% of the population living in
the three major metropolitan areas which are comprised of 9 prefectures arourad Tokyo , Osaka and Nagoya.
According to a projection of Japan ’s future population made by the Ministry of Health & Welfare , the population
will be 135 million in the year 2000. Currently the density is 300 persons per square kion neter , making Japan
among the most densely populated nations in the world.

Educational levels are high ; illiteracy is nearly non-ex istent. The enrollment rate for tine 9 years of com-
pulsory education for Japanese children is nearly 100% and 89% continue on to a higher education.

2. Research Activities of Science and Technology

In recent years Japan became very conscious of the problems such as the contradiction between econonnic
growth and resource limitation and conflicts between industrialization and environmental preservation. Expendi-
tures on research and development in science and technology (see Table I) steadily increased at an annual rate of
17% , not adjusted for inflation, during fiscal 1969-1974. If we adjust this figure by the consunuer price index .
increase during 1970 to 1974 is about 30%., so that the actual increase is nofl as large as I 7’i annually.  In fiscal
1974 . the proportions of R & D expenditure for specifi c pur pous e s in t i me ph ysical Sects-i n were 3.7% for nnuc l ear
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science , 2 .0% for space exploration , 0.7% for oceanography, 3.8% for computer technology, and 3.9% for environ-
mental research. A 1975 survey recorded a 51% (53% for previous year) increase over the 1974 expenditure in
space developmen t , followed by 15% in pollution measures and 13% (11% for prevmous year) in the development
of info rmation processing and management , 6% (15% for previous year) in energy power , and 1% decrease (35%
increase in previous year) in ocean development. The ratio of R&D expenditure to the gross national product was
1.8% (2,1% to the total national income). Among the total expenditure for R&D in manufacturing industry , the
electrical machinery industry occupied the highest proportion of 24%, followed by the chemical industry of 19%,
the transport industry of 17%, and the non-electrical machinery of 7%.

3. Family Income and Expenditures

Table 2 shows Consumer Price Indexes for 1963-1975, During 1960 and the beginning of 1970 prices rose 3
to 7%, but in 1973 , due to the oil crisis , it rose 11.7% and in 1974 it showed the greatest increase since 1949 —

24.5%. The government set a policy target of slowing down inflation to manageable rate of 15% by March 1975.
1975 showed 14.2% and in 1976 it was 8.8%, which was less than the targe t of 10% for that year .

Increased rates in 1975 of 13% for food , 7.3% for housing, 13,5% for fuel and light , and 6.0% for clothing
were recorded. In 1976 Consumer Indexes were revised using 1975 as a base year and adjusted for index items
which are necessary for accurate estimation. Compared to the consumer index the average income of workers ’
households has grown substantially from 9 to 25% since 1960 , making the annual increase rate about 14% for
the period 1970-1975. Adjusted by consumer index the real increase is about 4% annually, and the average
monthly income reached 236 thousand yen (about $875) in 1975 (Table 3), and the amount of savings per house-
hold was recorded as 264 ,000 yen ($9778).

A 1974 National survey of family income and expenditures revealed some interesting facts; time rate of
households with beds was 38.1% (29.0% in the 1969 survey), with tables and sofas for living rooms 32.9%
(26.2%) and with tables and chains for dining rooms it was 5 2.5% (34.2%).

The statistics were extracted from the Si’ctistical Handbook of Japan 1976 “News Bulletins 1976” and
more details are published in the Japan Statistical Yearbook and the “Monthl y Statistics of Japan. ”

Table 1

Research Activities of Science & Techno logy

Industries Research Universities
Year Total . -Researc h Inst itut ions & Colleges

1960 118 155 42938 15808 59409
1965 194974 60982 25651 108341
1970 286439 97950 29645 158844
1975 3962 16 149014 39010 208192

Expenditure on R & D (in million dollars )

1960 586 345 94 146
196 5 1413 701 202 510
1970 3765 22 87 462 991
1974 10059 5885 (59%) 1516( 2 6%) 1993(15%)
1975 11033

Expenditures were converted fr onn m n yen to dollars .
Conversion na te ( 1960 , 1°65. 10)70 SI 360 yen; 1974 . 1975 $1 = 270 yen)
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Table 2

Consumer Price Indexes

Year All items Food Housin g Fuel & Light Clothing Miscellaneous

1963 69,2 ‘66.1 72.9 96.0 73.1 67.6

1965 76.7 74.7 79.1 96.3 78.6 75.3

1970 100.0 100.0 100.0 100,0 100.0 100.0

1971 106.1 106.1 104.8 103.7 109.0 105. 9

1972 110,9 110.1 109.1 105,3 115.0 1 1 1 . 7

1973 123.9 124,4 120,0 111 .0  139.7 120.1

1974 154.2 158.9 15 1.6 142.1 172.3 143.3

1975 172.4 179,5 162,7 161.3 182.7 163.1

Source: Bureau of Statistics

Table 3

Mon thly Income and Expenditure of Worker ’s Households (in 1000 yen)

Item 1965 1970 1974 1975

Income 65.1 112.9 205.8 236.2 (875)

Expenditures 54.9 91.9 160,2 186.7 (691)

Living
Expenditures 49.3 82.6 142.2 166.0 (614)

Food 17.9 26.6 43.8 49,8 (184)

Housing 4.9 9.3 15.3 16.6 ( 61)

Fuel & Light 2.2 3.0 5.0 6.2 ( 23)

Clothing 5.7 8.8 15.4 17.2 ( 64)

Miscellaneous 18.8 34.9 62.7 76.3 (283)

Non-living
Expenditures 5.6 9.3 18.0 20,6 (76)

Income minus
Expenditures 10.2 21 .1  45.6 49 ,5 ( 183)

Source: Bureau of Statistics
(in parenthesis converted to dollar I dollar = 270 yen )
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SOME QUALITY CONTROL ACTIVITY IN JAPAN

K. 0. Bowman

I attended the first International Conference on Quality Control in Tokyo in 1 969 and was astonished by
the levels of the Japanese participants. There were present not only academicians but people from top manage-
nnment (including company presidents) to low nnanagement (floor foremen), all participating in the meeting. Since
then , I have watched Japanese industry achieve nuiracu lous progress in a relatively short period . We all so well
remember that prewar period when Japanese goods represented a cheap price and poor quality. Today quality
products such as transistor radios , TV sets , cameras , textiles , motorcycles and cars are flooding the world market.

To understand how Japanese industry accomplished such a feat , I visited Mr . Junj i Nogouchi of the Unmion
of Japanese Scientists and Enugineers (JUSE) which is the moving vehicle for the activities of quality conntrol in
Japan. Mr. Noguchi is a director of JUSE which is located in Sendagaya. JUSE was established in 1946 and in
1949 it organized a quality control research group. Also in 1949 the Industrial Standardization Law concerning
the app lication of statistical quality control was passed in Japan. In this period after World War II statistical
quality control methods as well as new technology were introduced. Many foreign educators and specialists
came , including Dr. W . E . Deming, who is now considered to be the father of statistical quality control in Japan.

Any company which was successful in meeting the quality requirenment of the Industria l Standardization
Law of 1949 was pernnitted to use the Japanese Industrial Standard Symbol by the authority of the Minister of
International Trade and Industry , which practice continues today. Also about 1949 the Japanese Standard
Organi zation was established and quickly passed many industrial standards using statistical quality control
methods. Many prizes were instituted to be given to the companies which successfully applied statistical quality
control methods. The number of industries using quality control methods rapidly increased but the procedures
were still far from perfect. The reasons are well stated in “QC Circle Activities” (No. I ) :

1 . Too nuuch trend toward application of statistical nnethods in industry as it was carried to tine ext r enu e .

2. Standardization was pronmmoted hut  with somewhat too nmmuch fornuality.

3. lop Managenmment people had a sentiment whic lm was tar frou m n being ‘QC conscious .’ thus resulting ium
flo or little support and understanding by time fop  nmnanagennent. ”

In 1954 Dr. J . M. Juran visited Japaum and introduced a new concept called Total Quality Control , unmea n i n g
that quality contro l was an integral part of unmanmagen u ment and t imat everyone should participate inn t luese activities.
Total quality control activities were established in the fornmu of t r a m m i n g  classes given at many levels from top un man-
agers to workers at the bo ttounn level. They all participated inn upgrading company products. The quality control
classes were given nationwide throug h radio br oad c astinmg. and Nove iumhen was designated as “National Quality
Month. ” Companies subscribing to qual i ty control umuethods were ( a umd still are) encouraged to raise a “Q” fla g
along with the Japanese National  flag atop the compau my b ui l d m nmg sy u m ihol i z inmg t lni s f a c t .

In 1961. a Tm organization called “QC Circle ” was horum : it iu mcl u d es workshop leve l c on impau m y eummp loy ees and
their in mu u m e diat e supervisors . “QC Circle ” uuu aga nn c reports ti m e successfu l activit ies of this group. Wit im this ac-
tivi t~ the actual worker on the floor is exercising a n um etim o d of stat is t ical  quality control which is unique in the
world and which has helped to bring aha m tn l  reum m ark a h lc success.
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Many factors were involved , one of which is the enthusiasm of the people for bettering themselves. There
is practically no illiteracy in Japan as almost everyone finishes the period of connpul sory education. It is cus-
tomary to have on-the-job trainin g or apprenticeships which enables the floor superviso ry staff and the workers
to have close relationships. The practice of auditing quality control activity by top nnanagement is bein g adopted
by more and more companies .

A typical exannp le was quoted (“AC Circle Activities ,” No . I , 1968): In a company where there were 3,000
employees with about 200 QC Circles organized , each Circle succeeded in solving by themselves on the average of
about 4 problems each year -and in bring ing about $20 ,000 in saving of operating costs annually. As of today
70 ,000 QC Circles are registered and their meetings held by the Headquarters (which are nationwide), reg ions anmd
sections have reached as many as one every three days.

JUSE is an organization with a staff of about eighty hardworking people. In 1977 , the total number of
quality control courses to be given by JUSE will be about 70 . These courses include sonue designed for top man-
agenment , some for workers , 16 symposia in addition to 6 research workshops. Appendices show the contents of
lecture courses.

This phenomenal success in upgrading industrial quality is only another one of the nati onal traits that Japan
has demonstrated over the years . Ever since its history has been recorded . Japan has imported skills and arts
from China , Europe and the United States. Timere were always short periods of imitati on , but in tim e , everything
was digested , some discarded , and a new technology. method , product or art emerged as Japanese.

Appendix I

QC Executive Course

Lecture Contents

5 days- - 27 hr s

I .  Management and quality control 3 Inns

2. Quality assurance 3 hrs

3. How to use statistical nmethods 3 m r s

4. Quality control for new products development 1 .5 m r s

5. Quality control in manufacturing process 2 hrs

6. Quality control in procurement and sales depart nuent 3 I mrs

7 . Reliability and its management 3 lmrs

8. Quality control administration: 3 Inns

organization

promotion

edoncation and training

9 . Status and trend of quality control in Japan and in t iu c world 2 .5 hrs

10. Initiation and promotion of quality control (case study) I .5 ins

I I .  Group discussion and conclusion 1 .5 hrs

62



Appendix II

QC Middle Management Course

Lecture Contents

4 n m onths —1 2 days~—7 5 hrs

I .  General consideration of quality control 6 hrs

2. Management and quality control: 6 hrs
management activities and QC
organization and administration

3. Statistical methods 6 hrs

4. Control chart mcthods 3 his

5. Quality control function in 9 hrs
production process
sales process
product development process

6. Sampling inspection methods 3 hrs

7. Quality control administration: 2 1 hrs
initiation , promotion and education
quality and reliability control
vendor and vendee reactions
QC and operations research
practice of quality control
relations between other MDT functions

8, Special lectures: 9 lmrs
quality control in clerical work
status and trend of QC in Japan and in world
quality assurance

9. Group discussion 12 hrs
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Appendix III

QC Basic Course

Lecture Contents

6 nnonths—30 days — 180 his

1. Introduction 3 hrs
2. Quality control administration 3 his
3. Quality -design , production and sales 15 his
4. Cooperation with a ffiliated companies 3 hrs
S . Human aspects of quality control 3 his
6. Treatment of data 6 hrs
7 . Probability and statistics 9 hrs
8. Statistical test and estimation
9. Stat , test and est inuation for variables °) hr ~

10. Stat. test and estimation for attr ibutes 3 hrs
11. Control charts 9 hrs
12. Sampling inspection 15 his
13. Analysis of variance Im inns
14. Correlation analysis I c inns
I S .  Simplified methods 2 hrs
16. Binomial probability paper 2 . 5 his
17. Linear algebra 6 hrs
18. Regression analysis 9 inns
19 . Orthogonal multinomial equation 3 his
20. Anal ysis of variance and design of experinnent 1 2 inns
21. Sampling methods 7 .5 lurs
22. Work sampling 1.5 h is
23. Rel iability engineering ô lmn s
24. Methods of optimization 3 hrs
25 . Sensory test 3 m r s
26. Circumstances of Q( 3 inns
27. Computer 3 irs
28. Case study 3 lurs
29 . Special lecture 6 inns
30. Exercise I S  isis
3 1. Free discussion 3 m r s
32. Meeting for presenting on subjects studies 6 Ins

64 

- - --~~~~~~~~~~~ .-~~~~~~~~ -



Appendix IV

QC Elementary Course

Lecture Contents

8 days—S4 hrs

I .  Quality control administration: 12 hrs

What is QC?
improvement of production process
control of production process
how to promote QC

2. Statistical methods: 27 his

treatment of data
variation of data
stat, test and estimation
analysis of variance
correlation analysis
simplified methods

3. Control charts methods 6 his

4 . Inspection 3 his

5. Exercise 5 hrs

6. Question and answer I hr
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A LOOK AT SOME ON-GOING RESEARCH AT THE METROPOLITAN
INSTITUTE OF NEUROSCIENCES

Morton A. Bertin

As the nanne iunnp lies , the Institute is under the jurisdiction of the City of Tokyo Municipal Government. My
host for this visit was Professor Eiichi Iwai , a physician who is the Director of the Division of Medical Psychology.
I had the opportunity of meeting wit ln all of the members of the professional staff and to look in on the work in
process in the modern and well-equipped laboratories. The Institute was established only four years ago and is
house d in a nuodern facility as part of a hospital comp lex in the outskirts of Tokyo. It might be said that they are
just about gear inmg up for some exciting work , and it was evident that the mostly young researchers are highly
motivated and very eager about winat they are doing.

Professor lwai defined their major area of interest as being neural behavior and its relationship with visual
learning. There are three branches: behavioral , electrop hysiological , and anatomical, but work in the behavioral
areas has rece ived unost a t tent ion to date. Almost all of the work is performed with rhesus monkeys. It appears
fronu our discussions that lnuai considers t ha t he is j ust beginning to scra tch the surface , which is understandable
in light of the short time that the group has been in existence.

In one study of visual discrimination with renmmova l of the inferotemporal cortex (IT), lwai and his associates
explored pattern perception by IT nnonkeys. Subjects were an IT monkey and a normal (N) monkey who had
both been trained to discriminate between white triang les and white circles on black backgrounds. The study was
designed to exp lore whether monkeys discriminate stimuli on the basis of patterns witluin the stimuli , regardless
of their being nornma l or brain damaged. After the initial training process , the triangles and backgrounds were
inverted in some of the stinmu l i  sets and the monkeys were retrained. The percent of responses correct for the
trials where the patterns were inverted were signnificantly lower for the IT monkey than for the normal , but where
the pattern was the same , the IT monkey scored very inig h. On the other hand , the normal monkey scored almost
perfect on all trials for all sets. The experimenters conclude that the IT monkey, unlike the normal , discriminates
visual stimuli using cues other than those pattern s by themselves. This raises some doubt concerning the accepted
concept of how an IT monkey identifies visual patterns.

In another study of visual impairment following ablation of the prestriate association cortex (Prest) in
monkeys , they investigated the puzzle of wh y none of the animals had shown a significant iumlpairm ent of visual
discrimination. In the few previous studies which reported positive results , the lesions were largely in the infero-
temporal area , which raises the question of whether the results were due to damage to IT rather than to Prest.
Iwai discussed a hypothetical nnodel that has been presented asserting t imat IT’s participation in vision depends
upon a linkage with the striate cortex througlu a relay in Prest , and he and his associates undertook to innvesti .
gate wh ether  conup lete ah latim u of the foveally represent ative area of Prest (For-Pres i) could produce some
i m pai nu mu c l u t  of s i sua l  ~I ’ . c u  umin ~u ti  i i

The subjects were six inanu nkeys . w ith three each m m  t ine exp e ri u uu e n m fa l  anud control groups. Type and extent
of lesions are sluown in n F igure I . F olio w iumg sou nn e n un i t ial  exp osure . tIme animal s were trained to discrin n inate
between wh i te  patterns on black backgrounds. Alter  the surgery, tIme experimental anin nm al s rested a few weeks
before being retrained to time same criterion as before. All of the experimental nm onkeys showed a significant
deficiency in visual discriruninati on , which the researc iners assert indicates that  for time first time bilaterally syns-
metrical lesn ons of Fov -Pr est resulted in umuarked innpair m ent of visual discrimination s . Controls with various
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cortical lesions did agree with previous studies. It appears from the histological examination and other factors
discussed that the conclusions are warrantable and that the study does indeed throw new light upon longstanding
questions concerning Prest functions.

A final round table discussion with all of the members of the staff was particularly rewarding, especially, as
stated at the outset , witnessing the enthusiasm of the young and talented researchers.

~~~~ F.v-OA ~~~ 4~ psr EztnC~G~I-FYSI*

~~~ ~o~-Oe ~~~ t.cwsc EI,mfov-~~ st
- Fov-OC ~~~ Pcvt’.oI IT

Fig . 1. Upper: Diagrammatical representations of various lesions made in right hemis-
phere. From left to right; lateral , medical, dor set and vent ral views, respectively .
Lower: Representative recoustructions and a cross section of Fov-Pres t leilon (Monkey
3).
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THE NATIONAL INSTITUTE OF VOCATIONAL RESEARCH REVISITED

Morton A. Bertin

A visit to the National Institute for Vocational Research (NIVR) a few years ago was limited because of
time pressure, but my interest was sufficiently whetted to warrant a return . This time I met with several of the
researchers and had the opportunity of reviewing many of the programs. From the germ of an idea born four
years earlier, the Institute came into being in 1969 as an arm and unde r the support of the Japan Ministry of
Labor. Its stated aim is to “contribute to the development of career guidance in educational institutions at all
levels from secondary schools through colleges in Japan , and to promote the enhancement of the employment
security services for workers.” More broadly, its concern is with man in the world of work through research and
study on vocational adjustment and vocational behavior. There are three resear ch divisions , with considerable
overlap and interaction. The first deals with the study of employment service , vocational guidance , and personn el
management and is called the adjustment section. The second or aptitude division is concerned with research on
development measurement , evaluation of vocational abilities, capabilities of the handicapped , and potential for
employment of the elderly . The occupation division is involved in job analysis and redesign , occupational out-
look, classification of occupations, and the world of work for women. The approach is interdisciplinary involving
psychology, sociology, pedagogy, economics, physiology , and statistical mathematics. The Director is Hiroshi
Kaneko, formerly a professor at the Institute for Research in Productivity at Waseda University.

A major series of studies is under the general rubric of career development of Japanese youth , but the
reason behind the studies is much more pointed and specific to a particular threat to the world of Japanese em-
ployment. The normal expectation of the Japanese employer , and also the worker , that employment is a lifetime
commitment between the two, appears to be threatened by the dissatisfaction of young workers who become
disenchanted with their jobs and leave, creating a large (for Japan) employment turnover. In order to investigate
the career patterns of the young, a ten year study was instituted to follow up the vocational behavior of young
workers after they completed lower secondary school , studying their attitudes , viewpoints, and job-changing
behavior in a longitudinal effort . Over 3500 students from 89 classes of schools selected at random from seven
prefectures are the sample population. They have been followed through two channels: those who dropped out
after the lower secondary school and those who continued on into and through high school. The follow-up sur-
veys are carried out either through personal interviews or mailed-out questionn aires. All told there will be eight
surveys and preliminary analysis has been completed from dat a of the first four. As might have been expected ,
intelligence is the prime factor of whether or not the studen ts continue into high school.

In an attempt to discover satisfaction of the course followed , the students (and ex.students) were queried as
to whether or not they were happy that they dropped out or went on. Of those who dropped out it was just
about evenly divided on happy or unhappy. Of the unha ppy group, 40% were disappointed in their jobs , 30%
regretted not going on to a university, and 30% had a wide variety of dissatisfactions. The data being collected has
imposed massive analysis problems, but a few things have emerged and have been presented in an interim report.
The comparison made at this stage is between the lower seconda ry school graduates (LSSG) and the upper
secondary school graduates (USSG), all about age 19. Those who graduated from secondary school had entered
the labor market at that stage and similarly for the upper gr aduating group. The findings were that as groups there
were no differences in the vocational self-image s between them , thoug h there were exceptions in individuals in
both groups. These occurred mainly in the LSSG group who apprenticed to artisans or craftsmen and who exhi-
bited a job -oriented self-image . Also, some of the upper group who worked for public services or large organi za-
tions showed throug h their self-image that they were company-oriented.
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In another study of occupational mobility and structure , some 6000 male workers between ages 20.69 were
sampled at random from various sections of Japan , using interviews. The variables analyzed were relations be-
tween age and career life style , frequency of change of employment , and the conative (or restless) nature of
vocational behavior. Results of the study indicated that the average number of job changes per person over a
career was 2.1, with about 22 percent staying with one job throughout. Also, although the father ’s occupation
may exert some influence on vocational selection, the modern young job seeker is more self-assertive in this
decision. Although about 62 percent of the older members of the sample received their jobs through parental or
other connections, this declined for the 35 percent of those who were the younger subjects, and there were
definite differences between the two age groups related to their attitudes towards their career. A similar study is
presently underway with female workers.

One of the problems of providing vocational guidance to students in the Japanese school system is the lack
of trained counselors available. In response to this the Institute has developed a Vocational Readiness Test for
junior and senior high school students, designed to provide guidance in personal preferences. An aim is also to
instill some confidence in the student in acquiring an understanding of himself. The Institute provides instruc-
tional seminars to teachers so that they become qualified to interpret the responses, though the test is
largely self-explanatory . Similarly, the members of the staff of the Institute are available to provide information
on the use of several instruments to the many vocational agencies under the Ministry of Labor. There is also a
Readiness Test which is administere d yearly to some 200,000 junior and senior high school students, primarily to
those vocationally oriented , though it is also occasionally used with those who opt for a university career. It
provides a relatively simple gu ide for self-counseling.

Specific projects on the fire for the near future are studies designed to evaluate the vocational aptitudes of
the handicapped , both physically and mentally, in order to enhance their job potential; counseling for elderly
workers who seek to continue being gainfully employed beyond their normal retirement age ; and scrutinizing,
analytically, new types of jobs that have appeared on the labor market in the last ten or so years. The purpose of
this is to provide up to the minute vocational information to young job seekers on labor possibilities. The Insti-
tute produces several publications including the NI VR Bulletin, a ser~-annual professional journal which contains
papers of their research studies; Vocational Research , published quarterly for non-professionals, designed to
provide a better understanding of the world of work , particularly in Japan; finally , the Job-Description is de-
signed for young workers and secondary school students for use in career guidance.
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PSYCHOLOGICAL RESEARCH AT TOKYO METROPOLITAN UNIVERSITY

Morton A. Bertin

Supported by and udder the control of the Tokyo city government , Tokyo Metropolitan University is one
of the most difficult in the city to enter. The competition is very keen and the entrance examinations extremely
difficult , partially a function of the tuition factor , costs being substantially less here than in the private schools.
It is a relatively small school with a student enrollment of about 2000, 300 of whom are graduate students. The
faculties are humanities, law, economics, engineering, and material sciences. Under huma nities there are 9 de-
partments: psychology, philosophy, education , history, Japanese literature , English literature , French , German ,
and Chinese . Each has a graduate program awarding both the MA. and the Ph .D. The staff of the psychology
group consists of three professors , three associates, and five instructors. I met with .~.veral of them in round
table discussions and reviewed the past and on-going research.

Taketoshi Takuma, who teaches courses in personality and intelligence , maintains a research Interest in
the behavior and character of twins. He has examined the influence on children of the different ways they are
raised and concludes that the educational patterns , which largely depend upon cultural influences, prove to be
of primary importance. He found that the traditional “special rights” of the first-born child in Confucianism also
appears to hold f o, identical twins, with parents differentiating between the first-bor n and the one born im-
mediately thereafter. Despite the proximity of births In time , identical twins demonstrate character differences
which are generally attributable to elder and younger siblings. He has also used the twin study method to in-
vestigate heredity and environmental influences upon the development of Intelligence. He studied groups of 12
year old monozygotic (MZ) and same-sexed dizygotic (DZ) twins and found data contradicting several former
findings relative to the high level of conformity among MZ twins, differences which he attributes to environ-
mental factors. In pairs with great Intra-pair differences in weight , the heavier twin generally prod uced the higher
intelligence score, Where there was a long intra-pair interval in birth , the fir st-born achieved the higher score, and
where there was a wide diversity of scores there was also a substantial difference in early ability to walk and/o r
talk . There was a definite relationship between early physical differences and the development of intelligence.

Shojo hnai is a perceptual psychologist specializing in optical illusions. In one of his earlier studies he
attempted to measure the magnitude of the visual distortions in the different kinds of illusory figures consist-
ing of straight and curved lines. He found that the amount of illusion decreased with increase of distance be-
tween straight and curved lines and that there was an optimal curvature for the illusion. He also Investigated the
effects of circular arcs on visual shape distortion of a circle using psychophysical measurements. He found that -

the ends of a pair of circular arcs placed on a circle were seen to deviate inward or outward from the circle and
that here also there was an optimum span of arc to create the illusion. Using four types of ifiusory figures , lmai
was able to show significant correlations between magnitude of Illusions and judgment time and the confidence
of the judgment with the personality characteristics obtained by using the Yatabe-Guilford Personality Test .

Eltaro Masuyama teaches human engineering and mathematical psychology and is primarily interested in
transfer functions. In an experiment dealing with transfer functions of operators following random wave outputs ,
he studied the relationship between the shape of the input spectrum and human control characteristics and the
relationship between pursuit-compensatol-y activities and the human control characteristics. It was found that
as the rate of cut-o ff Increases and the operator changes from compensatory to pursui t tracking, his open-loop
gain increases and mean square error decreases. Thus It appears that he Improves tracking performance at the
sacrifice of stability . In another series of experiment s Masuyama and his associates use a hybrid computer to
determine which conditions in an automobile driving simulator best satisfied actual driving conditions. In a
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follow-on experiment it was determined that in a man-machine system , the dynamics in the case of random in-
put signals is almost equal to that in the case of step input signals. Masuyama and I discussed the outlook for
engineering psychology in the universities and it appears not to be overl y bright. He attributed this to the fact
that it is not well accepted by the engineers who possibly stand to gain the most from it. It appears that most
advanced research is being carried out in institutes and government laboratories , where work is directed at solving
highly applied problems.

Noria ki Kato has a primary interest in social perception and has used the rod frame test to investigate its
basic characteristics and its relations to personality tra its. The basic findings were that larger error in the test
correlates highly with inferiority, subjectiveness , uncooperativeness , social introversion and social maladjustment.
Also , there were sex differences in the extent of error with women showing larger errors , a fact which Kato in-
terprets to show that they are ii~ore field dependent. Error s were gradually eliminated with practice. Individual
and conditional differences in the mean errors were large , but the internal consistency was high . In another study
he attempted to obtain a relationship of verbally and projectively expressed preferences of parents in kinder-
garten children using a projective depth perception test . In this test the drawings of preferred parents were set
closer to the place the subject is shown to be standing than the less preferred parents , and this tendency in-
creased for stronge r preferences. Further , the size of the preferred parents were shown to be larger than those of
the less preferred and purp le color was used more for these less preferred.

Shoichi Shinohara teaches animal psychology and psycholinguistics. With others he has studied how nion-
keys use color and form as cues to solve problems. In one such experiment the solution of simple oddity prob-
lems was the critical task and it was found that color cue was more dominant than was form cue. Also, it was
observed that there was a transfer effect from previous oddity training. In a later experiment to test the relative
efficiency of color and form as cues to learn matching to sample problems , the same findings obtained , and trans-
fer was again noted from previous training.
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