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DEPARTMENT OF THE NAVY
O F F I C E  OF N A V A L  RESEARCH

‘ APO SAN F R A NCISCO 96503
bC

We are gratified by the response to our initial
issue of the ONR Tokyo Scientific Bulletin and are
particularly indebted to those who offered advice and
recommendations. The most frequent comments dealt
with disciplines and topics suggested for future
coverage , and we will assuredly give these serious
consideration . As noted , we have a small in-house
staff and must rely upon visiting scientists for
additional inputs . From time to time Japanese scien-
tists will also be invited to submit reviews of
research . In this vein , we issue an open invitation

• to American scientists on professional visits to the
Far East to consider contributing their findings for
possible inclusion .

The plan for the Bulletin was and remains to
publish relatively brief items and to issue separate
monographic reports of lengthy articles . We are not
yet prepared to implement this , however , and for the

‘ I  present an occasional monographic report will appear
in the Bulletin.

In the development of this new publication , a
difficult task was achieved upon going to press with

•1 the first issue . From now on the objective is to
improve . In support of this goal we welcome the
reactions and counsel of our readers .

Morton A. Bertin
Scientific Director
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K a r i t i  ( ) i I I I  i~ a pr( iessllr t t eiIgiiieerilig at t he University o Cal iforn ia , Los An geles.  I u s
resear ch in telesIs include strengthening ineChanisinS and phase I rans loriiiatioiis in nie tals
and physical ,ICIIIIN1iLS .

ta~on LISd&III is ~i piIIICSSIII Ill t)pCTatioi iS research at ( ase West e rn Resc i se  LiIisc s i1~ -

h i s  a 10.15 of  S p L U l U  Ii inc lude rnatheii ia neal programming algllrithlins aiid app lications
and the use I I I  s~ stCr1i ~ allah s is in court , police. and other urban applications.

J. V1 - \1I1I I iS. ii. is assoc iate prolessor ol iiieiiillurgy. Department III \t ,Itc al
and l- iigiiicering. the I niNclsi t \  oh Califo rnia , lkrkeley. INs principal research interests
a c  in t h e  design of less alloy s tec l ~ h r  advanced engineering needs .

TI It - (‘OV I’ R: The elaboratel y decorated ilve-story pagoda was drawn by Just in L.
• ItlolIril . (‘oulise llir for Scien tific and Technological Affairs of the American Embassy

us 1 ~kvIl . It stands ‘ust inside the entrance 111 Toshogu Shrine at \ikkc , probably t h e
n1IINI III l a t e  Shinto Sb lie in Japan. The pagoda is 35 meters tall arid was built lIt wood
in I ~~ I -~ - 1 he drawing ~ as done by pen arid ink on paper and reduced to two .th irds of
its orignial site h~ ~l I I I i ( I I I I t5C i  l i th ograp hy.
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FIRST JAPAN I NST I TUTE OF METALS INTERNATIONAL SYMPOSIUM
ON “NEW ASPECTS OF MARTENSITIC TRA NSFORMATION ”

K. Ono

‘t hus iiiternatillnal svn)posiuiri was organized by t h e  Japan Institute of Metals as the lu st of a series of
5’. ilIplIsla to he held eV er\  two to t h ree ~‘ear s . It was held in Kohe , Japa n . Ma~ lO’I 2, 1976 and at t iac ted nieai ly
lOt )  iiietal ltiig ists troll) 10 couniries. A total of about 70 invited arid contr ibuted papers were presented.
Because of two sililuhta iiellus SC5Si Oli S , however , I missed nearly h alf ’ of t h ose papers. Invited papers b~ Pill-

fesso is Nishiiyanna . (‘ohieii and Waynian reviewed Various aspects of martensitic transfor m ation . url dersta ridl ilg
f Il l wh iichi h a s  been developed over the past 50 years. Professors Kurdjumov . Christian , Fujita. Shiiniizu and
Taniura presented invited papers focusing on more specitlc topic s ; carbon redistribut ion in ferrous niarienisi tes.
corr elation between 0-lattice , e last ic i ty and crystallograp hic t heories , sof t- mode related mecha riisnns. struc tures
of stress- induced marte nisites and t h e  thin-p late morphology , res pectivel y. Kurdjuniov cited t h e  findings of ab-
nillrina l c - a  ratios in f’reshily quenched nra rtensi t es arid proposed to explain s-ia 2 1 1 J (Ill) - t win flirniat ioni ni
a ns t e ni t e.  It see m s thiat \losshauer iesuhts on carbon positions are in disagree niient and that more direct e~~pei

n enitu l support is needed for ’ t he proposed mechanism. (‘hiristiani c iriphias ized that 0-lattice approach is essei l-

i ially s inlilar to c rv s t  allographic thieoi arid t hat strai n en e rgy consideration is urlnecessary or inapprl I f t  la te - I he
ni.iinitaine d th iat martensites can be considered often as very thin plates . for  w hsich strain energy niiinma call he
obtained an al’. t ically. Basically. C hr is t ian appears to consider the nrartens itic translormation to be an inter.
facial phenomenon. Fujita introduced a 6.layer monochinic structure as an intermediate step between fcc arid
bcc ph ases arid proposed it as the operating mechanism for soft phonon mode processes. It is an interesting pro.

posal and is worthy of further study in conjunction with crystallographic theory and lattice invariant shear,
ShsirrmiLu presented findings on Cu-Al-Ni alloys where stress varied the martensite structures induced. While onl y
urilax ia l strCss svas considered , their results pointed up interesting relationships between different martensites
in a siilgle allu~ - Tamura ’s ta lk dealt withi experimental features of th in -plate nlar te nisit es. having Lomp lete l y
tw in ned intern al structures and smooth interfaces and forming at the lowest \l., tem peratures. He consideied
the flow stress to be the controlling factor in morphological variations.

Our paper was given on the first session arid followed by active discussil lnis . A lter  cornment inlg on Chris.
t ian’s cr iticisms, some of which are valid in pointing out the lim itation of e last ic i ty theory , it was e m p hasized
thai an energetic criterion is a workable basis wit h specifi c exa m ples in Ti amid Ti allo s. Strain energy mm m ii-
tation was also discussed by ,\E I I  i iii their elegant treat m e n t  of Zenier orderi ng.

1 ainiura ’S presentatio n was preceded b~ Ansell , who showed that stacki ng faul t  enie igv contro ls marte ns -
s ite rnorp hmulllgy ins Fe-Ni-Cr alloys. For twi n ned mar te nsites . Okannoto analvied c rossiilg . kinking arid branJimng
via phenonmenological theory. Khiachaturvar i considered faults arid ( 1 1 1  tw ins in auste n i te as sources of mor-
phological cha n ges .

Secitn id day top ics on thierm lselastic rnantcns ites and nucleatio n -gross tb meeha’ iisnts are widely discusse d
suh~ec ts . hut the site l it ’ nitart ensite nuclei was again broughit up. The most inipiessive prese n tatio n of that morn-
ing was the electron nnicrog ra phs of carbo n clusters shown by Nagakura. w ho fully wiliied dittraciion theor} in
c l lnfir nnnm ng t hie na tu re  of ’ lOA si/c clusters , A coup le of papers on re ser se  austenit e t ranist o rniiatr o n were interes t ’
ing for the pote n tial of using it in structura l  net inier neni t. A detailed an alysis of isotbier inal t ia risfor niat ioni in
Fe-Ni all l lvs was also presented.

Stre n gt h If  niarten ls ite was stil l t h ie i m porta n t rllpic to flian\ a t t e n dees arid a t t rac ted a large audie n ce
Kehi p esets ted st rengt hi . inter n al f r ic t io n  arid e lect ron microscopy dim Ia on I err h i s  marlensit Cs con f irniimilg an
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earlier concept proposed by D. V. Wilson ; i.e., martensite strength arises froth retaine d dislocations. Inexpli-
cably, biowever , Kelly gase no credit to t h e  earlier proposal. Krauss correlated nucrostructuraJ observations to
fracture beh avior of high carbon niartensites . and Ilirai presented cryogenic properties of 304 and 316 stain less
steel welds ,

l’hne final sessio n oni internal structures heard Wayman and Maki on thin plate martensite in Fe-Ni-C alloys.
Th ey reported th iat observed twin widths varied while maintainin g the twin fraction at 0.43. Observations on
dislocations iii t I me wake of receded martensite boundaries were interesting but puzzling. Kajiwara correlated
reproducible nmi art e nsi te s in (‘u- Zn to retained dislocation substructures and Hosomi sh owed stages of marten-
sine to austeni te reversion s and auste im ite recrystallization in 18 Ni iniaraging steel and Fe-Ni alloys.

This symnipos ium was most successful in reviewing the achievements of the past half century of rnartensite
research amid in hriiiging together misally researchers working in the field, No break through was obvious either
in theory or ins applications, but discussions on concrete ideas relating to soft phonon mode were useful. Mor-
phiological Variations still iseed to be corre lated to the strain energy minimization concept , which we proposed.
rIme latter was recognized as a new approach in the invited talks by Christian and by Wayman , but further work
on ferrous nilartensites appears essential for it to be widely applicable. On the other hand , it was disappointing
to have so t’ew truly practical applications of martensitic transformation. One short session on therinomechani-
cal treatment was cancelled and discussions on inicrostructural control via transformation were limited to those
of u n  amid Morris and a few others , Aside from these deficiencies, the organizing committee headed by Profe ssor
Shimizu is to be congratulated for its outstanding effort in bringing forth arm excellent opportunity for interna-
tional inform ation exchange.

POST SYMPOS iUM VISITS

TECHNICAL RESEARC H CENTER
NIPPON KOKAN K.K.
1-1 Minamiwatarida , Kawasaki

This research laboratory is located within the Keihin Works complex . a short taxi ride away from JNR
Kawasak i station. I)r. K , Ilorikawa is thie director. During this visit I conferred with Mr. J. Tanaka . Dr. U.
Inagaki . J . Tanaka and Mr. C. Ouchi. J. Tanaka and Ouchi have been concerned with USIA steels , especially on
contro lled rolled products , Dr. Inagaki has been working on hydrogen permeation and stress corrosion cracking
in USIA stee ls. They belong to Steel Product Section. Mr . J. Tanaka is with Welding Section and works on
USIA steel we lding. The nsain subject of discussions was lamellar tear of we ldments of HSLA steel plates . which
is of critical importance in large-scale welded steel structures ,

Recent Japanese work on this subject has been su nmnn iarited in a preprint of the 37~38th Nishiyanna
~l1emI)rial Lectures of the Iron aiid Steel Institute of ’ Japan (published last year. in Japanese ). Th ese amid more
recent NKK results were discussed. It has been c learl y established that excel lent correlation exists between t h e
su lfur c hl nit em it amid the susc e pt ihml it~ to lam iiellai tear in IIS[.,\ steel. 1 hese stec ls arc typically A~-kil Ied and con-
trolled rolled. Stretched Mim S hammd s are apparently responsible. Th eir e f f o r t s  at NKK are directed toward chIn s -
tro lli n g MmsS ruor phisilogy. while tnisproving the coniventional mne clsanimL.ml piopert\ levels , Hydrogen permeation

- - arid stress corr h)s ioni research uti hm imni g acoustic emission have recent l~ been i nm mt m a t ed in con j unction with the
above ninentioned research .

V1e have agreed to chlil duct a jo int  project on the e ffects of MniS nn(nrp hulogy on ductility, acoustic emis-
51 1mm hehmavi o r and laniellar tea l in an USIA steel. My earlier experime n ts indicated the decohesion or crackmng
lbf MmrS to he the major source of acoustic emission in Mn’(’ type HSLA steels and these new tests should clari fy

4 su ch findings.
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FUNDAMEN TAL RESEARCH LABORATORI ES
NIPPON ST EEL CORPORATION
1618 Ida , Kawasaki

This org a mui atih hmi is headed by Dr. S. Nagashima and is located near 1-hyoshi station of t Ime lIly oko line.
After talk ing with the director . 1 discussed our new theory on martensite with Professor Nisfmiyan ia , who had
just returned f’roni Kobe, Subsequently, Dr. Nagumo , Deputy General Manager of the First Section , described
their recent work on amorp hous meta ls, Fe P 1 3 C7 , Fe Cr1 0 P1 ~ 

C7 and other fe-P- C alloys wit h different
P/C ratios. These were produced by centrifugal amid twin roll m ethods. They determined hydrogen diff usivmty
in amorphous Fe P13 C7 to be about 10- ’ 1 cns 2fs ec at room temperature with the activation energy of 2 to 4
kcal/mole . Amorphous metals absorbed as much as 100 ppm at room temperature , which made the metal very
brittle. I-however , no hardness change due to hydrogen was found, Fracture surfaces changed from typical vein-
type to ce llular with increasing hydrogen content (more than 10.20 ppm). Since the utility of amorp hous metals
depends on the stab ility, they have also examined the relation between the tendency of formation amid that of
crystallization by varying the P/C ratio. The crystallization temperatures were essentially unchanged. They also
noted that homogeneous crystallization of alpha ferrite plus Fe3C always occurred. One of t h eir dreamns is to
make amorphous materials direct ly Iron s molten pig iron , thereby eliminating cost ly steelmaking and processing
steps.

Drs . Uayarni and Furukawa , Deputy General Manager and Chief Researcher. respectively , of the Second
Section, briefed me on the development of new high strength cold rolled steels. This class of steels has two
phase structures; about 307 mnmartensi te and the remainder ferrite. Typical composition is 0.l~~(’, 0.3-l .5~1-Si ,
l-l.6%Mn. It is formed after continuous annealing in the alpha/gamma range followed by air cooling amid
achieves the tensile strength of 400 to 800 MPa (58 to 116,000 psi) with good ductility. This is a remarkable
accomp lishment, as no expensive alloying additive is used. Martensitic transformation of high carbon auste rm ite ,
which forms during continuous annealing, is ut ilized very effectively. This development is the most impressive
technical feat encountered during my trip to Japan. Dr. Nagashima later commented that a similar product had
been also developed at NKK .

Another important technical development concerns stress corrosion behavior of austenitic stainless steels ,
Dr. Hosoi and Mr. Abe of the Third Section described stress corrosion characteristics of Metal-bearing Solution
Refined (MSR) stainless steel. MSR process was recentl y deve loped at Nippon Steel. It is a modification of ESR
and utilizes Ca.containing slags. This process reduced P, 0, S and N down to the 10 t o  30 ppm ran ge. Mr. Abe
indicated that chlorine-induced transgranu lar SCC can be virtually eliminated by reducing P arid MI . Red uctmon

- - of 0 and S was also effective . MSR treated 300 series stainless required no MO to prevent pitting corrosion .
lntergranular caustic corrosion was prevented by lowering carbon below 0.Ol’ . He also described themr acceler-
ated test procedure for reactor applications. It consists of creep stressing (at stra in rate of ’ l06 /sec ) in pres-
surized pure water at 300~ C with dissolved oxygen.

DEPARTM ENT OF MATERIALS SCIENCE AND ENGINEERING
TOKYO INSTITUTE OF T E C H N O LOGY
Ookayama , Meguro , Tokyo

literal translation of the naniie of this school is Tokyo Tech n ological University, but t h e  official h- .nglm sh s
name ref lects their admiration for MIT and Cal Tech . Its main campus is located just outside Ooka~aiiia sta-
lion of the Mekamna and Denentoshi lines. The undergraduate enrollment is about 3000 . including almost all
engineering fields, mathematics , physics and chemistry,

I visited Professor T. Mon and also gave a seminar on “Strain En ergy Consideration ins Martei t sit ic Tranis -
form ation.” Discussions withi Professor Mon focused on the applicability and liniitation of I-sfielby thieh ,r~ -

~~ His recent work on periodically distributed eigen-strain appears to he even more suitable for t Ime treat ni l emit of
marten sitic transformation.
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R ESEARCH LABORATORIE S
KAWASA KI ST I - I L  CORPORe~TlON
1 Kawasaki , (‘hiba

I spent a nlm o mmiinm g at this laboratory with Dr. K. Fujimmioto . Deputy Director , as the h ost. Dr. K, Saim ho ms~n
is the director. ihie laboratory is located within the Chiba Womk s , about 3 miles south of JNR (‘hiiba stat ions (50
minutes by train from Tokyo station).

Dr. Inianaka and Mr. Shirnizu described their prelim inary experimental results on the use of an electron

enier~ ’ analyzer in con j un ction with a scanning transmission electron microscope. They will acquire a new J IM
m icroscope with a field emniission gun and an ultra highs vacuum specimen chamber (l0~ torn , - 196 °C to I000°(’
heating amid cooling capability) together with an energy amsalyzer. Their current instrumemit is capable of 0.5 e\
resolutioms at 100KV. Spatial resolution is IOOA diameter for the plasma loss, which is of the order of 10 to 30
eV and sensitive to alloy composition. Their insitial interest is to clarify grain boundary segregatio n .

Mr. I-Iirai explained their research on lamnellar tear m echan isms based on a report (J. Tsuboi and M . lhirai .
Lamellar Tear and Its Evaluation, part I, October 28 , 1974 , Kawasaki Steel Corporation). They employed
acoustic emission nesting together with an argon -hiJled welding chamber. It was co n c luded t h at two m~ pes of
lansellar tear mechanisms exist ; uric is due to th erm al stress iniinnediatel y after weldimig. open ing ins c lusi hh nss t~sl-
lowed by hydrogen induced cracking, and the other is delayed f’ract ore due to hydrogen in itiated am tIm e moot or
toe of weidmemit. For steels with more than 0.Ol%S, sulfide inclusions are the primary origin s of lam nme hla r tea s -

For steels withu less thani O,Ol~~S, clusters of oxide-silicate inclusion are responsible. Time addition of REM or In
cannot eliminate hamellar tear , when globular sulfides exist as clusters. From their work, it appears that tIme
detection of lamellar tear via acoustic emission is difficult since most cracking takes place just after welding
and would be hard to discriminate against slag cracking noises.

Dr. Sano described their amplitude distribution analysis system of acoustic emission signals and its ap-
plication to martensitic transformation , Samples were l8Ni-3Mn.O.32C, 18’ Ni-I Mn-O.86C and 3ONi-O.34C
alloys. These form dislocated, mid-rib twin and twinned thin plate martensites, respectively. The peak amplitude 

- 
-~

distribution can be described by a power.law. The exponent of 3.2 to 4.7 was obtained , when the entire trans-
formation range was analyzed. Different regions of transformation should yield interesting variations. (‘orrela-
tion with size distribution is also important.

Finally, Mr. Y. Iwasaki briefly explained the highlight of his recent paper (Ad a Cryst. A32 , 59-65 , 1976)
on general theory of 0-lattices. I-Ic applied theories of groups and numbers to different classes of lattices amid
deduced the existence of transcendental lattice . Reciprocals of the classes of lattices were also discussed. At
present , application of the general theory to phase transformation is still a difficult task. However , as C hm m istiami
pointed out at the martensite symposium in Kobe, interface coherency is an important basis for nilartensitic
r imnsf ’orniai ionis.
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D I E L E CTRIC LOSS IN POLYM ERS AT LOW TEMPERATURES

E. A. Kears )ey

TIme dielectric loss in polym ers at low te m peratures has recently become of great technological interest
hecause of the possibility oh’ design ing tramisniiission lines or other electrical equipment to operate in a super-
conductin g m ode. Polyethvleise is widely used as a particularly useful in-isolator , but it has been observed to
h ave an unexpectedly h i gh loss at liquid helium temperatures. Th is loss is often ascribed to antiox idan t in the
polyet h yle n e  but W , A. Ph illi ps amid also R. A. (‘arson in England have interpreted the ano m alous loss as arising
fro nns a phonion-assisred tominelimsg of protons in hsydroxy l groups (which are acc iden tal ly present in time poly-
miner ) . Others h ave proposed different mechanism s for the loss.

At rIse Department of Applied Ph ysics, Unive rsity of Tokyo . dielectric loss measurements have been made
at tenni peratures from 1.5 to 4.2°K over a frequency ramige f’ronii 10 Hz to 10 kHz on ( I I melt-crystallized films
of high density polyethylene , (2) single crystal mats of high density pohyethy lem -ie . (3 )  films of low den sity poly-
ethy lene and I 4) tu rns of enh ylene-v imiyl alcohol copolymers.

Ann isochromnal curve of dielectric loss of a typical high density polyethylene shows a fairly sh arp loss peak
at about 170° (the so-called -y peak) generally ascribed to local modes of aniorphous segments to which-i carbonyh
groups are attac hed. At lower tenisperatu res the loss decreases to a nsinimsium at about 70° K and then shows a
sharp upswing below 10° K. It is thsis upswing which is t he an omalous low temperature loss. More usuall y di’
electric loss data are plotted against frequency at a fixed teniperature . When a clear peak appears in such a plot.
the frequency of the maximnunii is taken to be a relaxation frequency. The dependence of relaxation frequency
on temperature is an indication of the underlying molecular mechanism. Thus, when the relaxations frequency
depends linearly on absolute temperature , a quantum tunneling process is suspected . whereas a thiernially actu-
vated process would show a linear relationship between the logarithm of relaxation frequency and the reciprocal
of absolute ten npe rature. Fronis the data on polyethylene , the University of Toky o group concludes that tine low
temperature loss is indeed due to a tunneling process. Furthermore . the insensitivity of this loss to the density
of carbonyl groups (induced by oxidation ) leads them to conclude that the process does not result from car-
bonyl groups. The ‘y peak , ons the other hand, is very sensitive to the density of carbonyl groups. From com nparm-
sons of the data on Isigls density am- id low density polyethylene , it can be seem -i that both the crysta lline amsd the
amorp h ous phases contribute to t h e  dielectric losses, with a narrow and a broad dispersion curve respectivel y.

To examine the assumption that hydroxyl groups are the source of the losses , the Tokyo group observes
that ethylen e-vinyl alcohol copdlymers must , by implication , show a u gh level of dielectric loss from the same
cause , both in the crystalline and the amorphous state , Indeed , the hjg h level losses are observed wit h the ex-
pected broad distribution. A calculation of the dependence of this loss on the mole f raction of vinyl alcohol
niononier predicts a max imnmum loss at a mole fraction of 0.12. In fact , their measun~memits indicate a strong
maxim um at 0.075 . but it is riot difficult to explain this discrepancy in terms of the crudities of the r’nodel and
chic neglected interactions between neighboring hydroxy l groups. The calculation is very encouraging, and the
Tok yo group t h erefore undertook a quantitative analysis of the loss in duced by a hydroxyh group in the ontho-
rhombic lattice of polyeth ’my lene. TI-ic calculations agree with - i observed values on assuming lattice distortions corn-
sistent with x-ray analysis. Ti me density of the hydroxyl groups in high density polyethy lene is estimated to he
1016 /c mn 3 - The group sees the study of anisotropy in dielectric loss Ill oriented samples as a route to  more in-

- 
. sight in to these loss ns’mechanisms.

Sonse of this work h as been- i published in-i Reports of Progress in Polymer Physics in Japan. Further pub-
licatio nm can he expected inn the near future. T h e  group of researchers consists of Okiniichi \ano , Kllichiro
Saiki. Seigo Tar uc hsa amid \asa ku Wada of ’ the 1)epartni iemmt of ’ Applied Ph ysics , University of Tokyo -
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DENTAL SEALANTS AT THE INSTITUTE FOR MEDICAL
AND DENTAL ENGINEERING

E . A. Kearsley

The Institute for Medical and Dental Engineering is attached to the well-known Tokyo Medical and
Dental University. It is housed in a new building about a city block from the University and University i-los-
pital complex . It has a staff of 60. Alt hough niost of the research staff is engineers , developmental work is
done in close cooperation -i wit h- i the Faculties of Medicine and Denuistry - The main task of the Institute is to
develop novel devices and m aterials for medical and dental use. This is done w iths eight researc h- i divisions:
Metallurgy . Inorganic Materials , Organic Materials, Medicinal Chemistry , App lied Mech’ianics , Electro n ic Engi.
neering. Instrunsientatio mi Engineering and Biocybemetics.

Professor Eiichmi Masuhara , h ead of the Division of Organic Materials , is internationally known for his work
with tni—n-butv hborane (TBB) as a catalyst for polymerization of methyl methacrylate (MMA). With the use of
TBB , graft polymerization of MMA onto collogen occurs initiated by the presence of water and oxygen. A
dental filling material and an orthodontic adhesive based on this principle have been marketed. TBB . by the
way, is a highly flamm able substance originally developed as a rocket fuel!

Dr. Nobuo Nakabayashi is a polymer chemist in ti-ic Division of Organic Materials who has carried on this
work. He has a good command of English and an interest in things American which reflects an earlier post-
doctoral appointment at Yale. In an effort to develop a sealant for pits and fissures in teeth , he studied mnoditI-
cations of the TBB-monomer system. Adhesive strength wit h-i tooth ena m el (rather than dentine) and stability ins
service are necessary for this application. Toot h enamel contains less collogen than does dentine and is thus a
more difficult proposition. After several trials of different material s . Dr. Nakabayashi finally settled on a corn-
pound of 97% MMA and 3~ 2-hydroxy-3-~3-nap hthoxypropy I methacryhate (HNPN). This compound . if used
with the simple procedures he developed , produces bonds of amazing streng rin and stability. Alt hough-i the exact
reason for the success of thu s formulation has not been proved , it probably has to do with t h e  “fit” of time
configuration of hydroph obic and hydrophilic segments on a molecular level.

Dr. Nakabayashi showed me an exhibit he calls his “ Mt. Fuji ,” since all visitors must view it. On display
were several samples of bovine teeth with PMMA blocks supporting 400 gram weights. Ti-ic area of the glued
joint was only 0.3 cnn2 and everything was immersed in water at 37 °C. These samp les had been under test for
four years and no failure isad occurred yet. Some older samples of PMMA rods glued to ivory were as much as
II years old, but these ivory samp les were treated with 100% MMA (without HNPN ) and were only immersed
in wate r , not under constant stress. Tensile breaking loads for these ivory samples were about 300 Kg/cm 2 and
the break would often occur wit hin the PMMA and not at the ivory interface. Nakabayashi ’s Fuji-san is not as
beautifu l as the original, but it is impressive.

-
~

‘1 An adhesive filling material , an orthodontic adhesive and a dental pits and fissures sealant are al ready
commercia lly available as a result of this research -i , Dr. Nakabayashi continues the research , but his principal
interest has now shifted to developing an improved artificial kidney. In general, the Division ofOrganic Materials
seeks biocompatib le polymners for medical and dental applications .
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RHEOLOGY OF POLYMERS AT THE INSTITUTE FOR CHEMICAL RESEARCH ,
UJI CAMPUS, KYOTO UNIVERSITY

E. A. Kearstey

The lkpartnm sent of Polymer Chemistry of Kyoto University is justl y known as t h e  biggest and nssost
important center for polymer studies in Japan . That fact says a good deal , since t isroug~mout Japan a remarkable
am ount of exce llent polymer science is practiced. Some part of that reputation , however . belongs to tine Insti-
tute for (‘hemnical Research of Kyoto University which is actuall y at Uji, a distance of a doLen kilonuue ters or so
from the main campus in Kyoto. Among the twenty laboratories of this Institute are four polymer groups
(whic h cooperate closely with the Department of Polymer Chemistry): Polymer Solutions , Polymer Crystals .
Polymuier Separation and Characterization , and Fiber Chenuistry .

Recently I visited the Polymer Solutions Laboratory of the Institute for Chemical Research. A.lthsoughm
Professor Michio Kurata , who heads the laboratory . was not present on the day of nuy visit, Professor Kunihiro
Osaki was. He directs a very active study of the non-linear visco-elasticity of polymer solutions. Since his studies
of the last few years m esh closel y wit h my own and those of nuy colleagues at the National Bureau u- i f  Sta n dards
(N BS), we had a nuost congenial discussion.

About five years ago, this polymer solutions group built several instrum ents and began a svst esuu atic studs’
of the non-linear visco-elastic behaviour of well characterized samples. Ti-ic equipment they had designed made
it possib le to do simple stress-relaxation experiments on concentrated polymer solutions in shear , well up into
the non-linear range . As far as I know , this is time only apparatus speci fically designed to do stress-relaxation
experiments on polymer solutions. A cone and plate geometry was used wit h a 20~ solutions of polysty rene
(1.8 x 106 molecular weight) in chlorinated biplseny l (Arochlor). They were able to represent the relaxation
modulus of this sample as a product of a shear an-iplitude factor ti m es a time-dependent factor equal to the
linear modulus. It is well known that such a representation is only approximate . and in this case also. ti- ic
separability worked only for times greater than about 20 seconds. N snnally, for small deformations of a poly-
mer so lution where linear visco-elastic theory applies, it is known that isothermal stress-relaxation curves taken
at different temperature s can be superimposed by shifting them along the time axis (actually. t ime curves should
be “reduced” by dividing by density times absolute temperature). This procedure , known as “time-temperature
superposition,” expresses the temperature dependence of the relaxation processes and the shift factor , a~ - is
often associated with frictional processes occurring within a long-chain polymeric molecule. The Uji group was
able to establish that time-temperature superposition worked for their sample even in the range of non-linear
behaviour and, furthermore, that a1 was independent of the amplitude of strain. Incidentally - the 1l~i group
observes (as have others) that for some materials ti-ic non-linear effects increase wit h time , which-i suggests a

- 
- caveat for researc hers who “estab lish linearity” by quick tests.

More recently, the Uji group has worked with a set of solutions of polystyrene in diethyl phti iahate to
study the e ffects of concentration and nuolecular weigh t . Gemsera lly polystyrene is used for research on-i ti- ic
effects of molecular weight because relatively narrow distributions of m olecular weight are now con rmmercia llv
available , while for most ot her polymers , time-consuming and expensive fractionation would be required.
Osaki and his colleagues used five narrow fractions ranging from 1.23 x 106 to 7.62 x 106 in nuolecular weigh- it
and at concentrations from 0.11 2 to 0.329 gjcm 3 . The roost interesting feature of tine stress-relaxation of these
polystyrene solutions is a curious plateau in ti- ic shear modulus curves , suggesting a highly ni-in-i-linear source
since it usually appears for only a limited range of shear. The ( ‘ox-Me n equation was found to seriousl~ under-
estimate the non-linear effects of rate of shear for materials which exhibited this curious plateau. Ti-ic (‘ ox-Me n

- - 

- -  —.--—-.- -.
.

- - ~~~~~~~~~~~~~~~ ,. .. . .,. 
~~
.. - . - - .



~~ _ - - -~~~~~~~~~ ~~~~~~~ . ‘ -~~~ --~~~ _ - - ~~~~~ - -~~..‘

equation is an app rox i m m iat c emm ipi nica l equation - i s ettinmg time steady—shear vmsL - osm t ~ of a m ate - i at equal i- i s t ine
absolute u na g nsmt ude -i t the L’onnsplex dv mia m n - i ic viscosity nieasu red I’m - i - i mms time respon- ise to snnmosm udal s i lea mn - i  i sUcss -

It is o f t en  assunm ied t iman tine (‘ u- ix— Me r i rela t mo n i is a good general approxmmna tmo nn . Arm mnmnc i L ’ snmnsg Lnnc rion i f - i - i s  t i- ic
appeara n ce of t h ins platea u ss as nb ted tine plateau appeared on-ily ton sa m nmp lcs fur wh mcii time product of con mcen - i—
trat io rn amid nnu - ilecsml a r SSL ’ le hi t  exceeded lO~ c ams cc . Surely , a n y  good polynsier t lmeor mst worthi  us salt can ii. ke
su snnn e timi mn g u - i t  thi a t.

(‘ orient ly in-i p -i R m mm c m he- i - il - iuz~ circles , nsuc ls signif icance is at tacised to ti- ic humId .up u-i t  s t r e ss  nn a sam m mp le
sudd enst ~ subjected n - i  a st cad ~ s h ea r - Presunnably t h is tells somnething about ti - ic strengths - i - i t  ‘‘entang lens enu ts ”
or ot her temmm porarv l m n mks het ss u’eni the long-cisain molecules. The I j m gr sup has also used tisis exper nrn se nst - As
is we ll k msu swms . uns dem certaun conditions . the shear stress develops in tin - i- ic through a nsax lnuu unmu , t i- ic so-ca lled
‘ ‘s tn css-ove r s b sau- i t , ” lime I ‘~i Lu up did nn easu re rs nent s on the vari usus nuolecular weigh - its and concentration - is
used in tine earlier s t rcss - re lax at R- i n  expe ninnem ’mts. l i- ic found that at low concentrations or low molecular
ss c i chm ts a rather s isarp ovcrs hioot occurred wi sereas , ot iserwise , t i-ic overshoot was broad and di f t  usc . AhhiLsughi
w irhi so m e sa mn np ies the\ were un able to produce a n’mot iceable oversh ’moot wit hmi ns thse sh ear—rate range available , the
c t e n - i - i n - i  for t ime appeara n ce of ’ t ine curious plateau conn-ies to m m m d againm. Time group analyzed t imese results and
t ime results of str es s rel axati rsnm after cessation of steady shsean inn tern- is of time sinuple stress—rela x ation s data taken - i
ear lier. ‘ri- icy foum’m d thiat t ine Bernst e in—K ear sle y—Zapas theory (a t iseory according to w h ich ti- ic stress for ars~
histo r~ can he calculated as am instegra l u-if stress relaxation - i data) describes these results rather well. While the
agreenn mc nt w as rm ot perfect , it was certainl y a much better fIt ti- ian-i can be done with - i mimodels incorporating a
strai n i—rate dependem t relaxation spectrum. ( Modesty forbids timat I mak e time point nuuore str o ns g ly. I TI-ic prinscipal
known failing of ti-ic BKZ timeory is tisat ti-ic predicted oversimoot is low , but it does occur an the correct tin- i- ic.
In fact , time t ’ j i  group huas twostep stress-relaxation data that also do not correspond to prediction-is of ti-ic
si m ple 13K,Z nnodei amid this is presumnably am’ioffner aspect of time sans c failing of ti-ic theory . Zapas at NB.S using
PIB has seen time san- i- ic thing. Resolution of these discrepancies see m s to be sought generally in-i alhswing ti me
relaxation - i times of tIme polymer (time material c lock in the BKZ m odel ) to be at ’fected by time imistory of die
defor m ation. My personal bias is to look for a pressure or stress effect on tine nuaterial clock rate. h owever it is
done , unfortum iate ly, the simp licity of an honest single—integral timeo ry is lost, That is equivalent t i - i  sayim ig that a
com plete set of single-ste p stress-relaxation data is not enough-i to characterize the material. At t ime Department
of Polym er Chem istry in Kyoto , son- i-ic substantial results have recently been wor ked out nm-i constitutive nsiodels
with just such “nnemnories” whicis are dependent on the scalar invariants of ti- ic stress or time rate of strain. Times e
mvdeis are based on the old Lodge network th eory, but wit h i- ion-constant network creation rate and cross-
iink loss probability. Undoubtedly tine Uji group will examine these results next.

Recent ly. time Uji group ias looked at suddenly applied steady shear and cessation of steady siuear on-i a
0”~ so lution- i of styrenm e-butadiene—styrene (SBS) triblock copolymer in cety l chu loride. Block c- i p- i - i tY i l ie rs are

particularly interesti rt g from a polymer pimysics point of view, since chemically different blocks of polynners cams
he grafted into we ll defined pants of long-chain molecules. In-i the case of this SBS block copo lvn men . time-

- ‘ tcnuiperature superposition did not work on the viscosity-rate of shear curve and t he (‘ox-Me n, equation also
failed. On time other ~mand, time BKZ t imeory predicted time isotinermal behavior reasonably well front stress relaxa-
tion-i data but , of cours e , not the temperature dependence. Even I am surprised.
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SHOTEN OK . .\ . -~ND THE FU JI HARA PRIZE

E. A. Kearstey

I fIrst n- met Professor Shoten Oka in-i 1962 wimen he was at Tokyo Metropolitan University. At t isa m time
he am- id his colleague, the late Misazo Yamn uamnoto , were perhaps unique in Japan in approaching rhseolog ica l
problems from a r un- idamental physical point of view. Professor Oka has a n ost modest , soft -spoken m anner so
t hiat one is itnst uediat e ly co m fortable with - i imir ’n, I an-i surprised to discover that he still remem bers in detail a
little talk I gave on a specialized problem- i- i inn viscometr v , Fins interests even timers , how eser . w- i~ e tur ned towards
hionhcoh-igv , Ins subsequemu years as I cn nc imu mmte rcd him again-i at lnnem natiomma l Rh eology Congresses , isis work
nusre ar i d nmmo re reflected tints interest . Recently, I heard t h at Pnofcssor Oka hias been awarded t he Fuj ilmara Prize

f un 1976 f inn Isis wor k on t b- ic nuathennatical thseory of blood tiow in veins amid arteries. This was t h e  f irst I hsad
bmeard of t h e  Fujihara prize (often called Fuj iwara prize) which is little knowrs m m time W est but carries great
prestige in-i Japa n- i along witl a substantial purse. Its rccmpi cnl ts form - is a very disting umshm ed company indeed , and it
deserves to he hct tc r  known outside Japans.

Time h- ’ ujihsara Foundation of Sciensce was founded in 1959 by Ginjiro Fujihara , “the Paper Kit mg t Japan ,”

onm t ime - iccasi o n’m of Isis 89s1m birt imday. lie had served many years as president of ti-ic paper c -inmm p am m y wh ich in risc
l9tlm cen s tury introduced t he nianul’acture of Western style paper to Japan. Thmroug hm tb - i c foundations he set op a
fun- id for t u e  award of a-i- i annual prize to a Japa nese citizen who lmad made outstarsdi ng contnihuti- i- ins to tb- ic ad’
varmc e nic mm t nsf science , Mathmemati cs. physics , cbme rn istry, eng ineering, biology , agronomy and medicine are speeiI~
ically included in the definition of science . A Consnsittee of Selection was set up, currentl y composed of time
President of ti-ic Japan Society for t he Promotion of Science , a former President of Tokyo University, and other
similarly distinguished scientists. Since its founding. the endowment of the foundation ltas been cons~denably in-
creased by furt imer donatiom s so t hat in 1974 the nate of awards was increased to two per year . Tin s year Ats nis imn
t}kabayas iu . a research medical doctor and professon emeritus of Chiba University, also received a prize for i- ins
work u- in delayed sensitization patliologs’ . By m u y nathmer arbitrary count , t he prize has now been awarded twice
in n ed i c t ne . twice cad s in pure nnathennati cs , pure plsysics . biology (including once in paleontology). agronoms ny.
an- id hiop imv ss cs an- id loon ti m es in chemistny.

,-tlong w it im time increased rate of prizes , t he Fujilmara Foundation in 1974 inaugurated an internat ion al
seminan for time promotion of science to take place annually in Hokkaido in September. This seminar is sponu .
sored tbmrougl-m t he Japan Society for the Proniotion of Science and each year a particular top ic is se lected , Inn
1974 the topic was “Poly (ADP-Ribose) and ADP-Ri hosvlation of Protein ” and in 1975 “Pimysics of Highly
Excited States in Solids.’’ Ti-ic symposium for 1976 is on “Th eories and Ah-initio Calculations n- if Molecular
l-, leetr u)n mc Structure .”

Professor Oka, recently retired from Tokyo University, is sti ll very act ive . He is a guest professor at
Ks - i - inn - i University School of Medicine and does collaborative research and consulting with several -iithen institu-
tions. I Ic too k an active part in a symposiunn on Hemorheology and anotimer symposium on hlemorheological
.-\ s pec ts - i - i t  Thro m bosis in conjunction with two international congresse s held this September in Japan. It is
good to hear that i-ic has earned such a prestigious prize and I take pride in it as a fellow rheologist .
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OPERAT I ONS RESEARCH IN THE FAR EAST

Leon S. Lasdon

INTRO DUCT ION

Thu s paper corta im s irmfsrm m mation obtained during ny lecture tour of time Far East , June 1 - - Juh y 15 . 1976 .
Ti-ic t o u r  was spomnsored by time Of fi ce of Naval Research . wit im time objective of inforn atiomi exc lsange. I visited
urdversities am-id industries in Japa mm , Taiwan , Hommg Kong, ti-ic Philippines, and Sim gapore , lecturing on a variety
of o pe ratiusr - is researc h topics . m ost ly mnuvo lvm r g optimnization apphication s, algorithnus , amid software . Tine presen-
tation - i is ch- inonsologica l. givimsg n y  recollections of discussions at time various institutions visited. I ant indebted to
Professor Susumu Morit.i of u s e  Case Western Reserve Un iversity Operations Research Department an-id to l’ro.
lessor Yoshio Kuratani u t  Tsukuba I niversit y f’or their conmsents (in the initial drafts of tbmis paper .

JAPAN

TOKYO INST IT [I i- , OF TE(’ IINOLOGY

Ti- ic Department - i - if Systems Scien ce at Tokyo Imustitute of Technology covers a broad range of syst enus
topics . itmchuiding parts of operations research , system s engineering, and computer science . Time departmenst is
part - it ’ the graduate sc imool at Nagatsuta ar- id o ffers masters degrees. These fields arc also studied in other depart-
mnents , e.g. . Industrial Ersg mneerimig, Control Engineering, and Information Science. Many professors are listed in
mnuore than one of these departments , all of which give Ph.D. degrees. Significant expansion is occurring in the
Industrial Engineering Departnsent. In most others , the influx of students has leveled off after tripling in the
1960’s. There are now about 8 ,000 students at Tokyo Institute of Technology.

Faculty research includes work on general syste nms timeory (Professor Takai uara ) . Th u s is base ! omn time
foundation laid down in-i ( I ) .  Takaimara sees it as a way of n odc hing aspects of systems which-i we r i- i - iss regand as
“qualitative .” h- Ic also hopes t develop a tiseory which will deal wit i approximations made in-i nnmod el nnig s~ s-
tems. Thus will require defining a topology on models , so t h a t  we can measure Imow “tar ’’ one is fro m armor lien,

0th-icr work (Professor Ichikawa) deals with preferences of decision makers. To measune t u e  incidence u i t

intransitive preferences . Ic hikawa had students m ake sequences of paired comparisons and observed a statnsti-
ca lly significan t incidence of intransitivity. Objects compared had multiple attributes. Sonic u - i t  is is w i- i rk deals
with iuow best to display a vector of attributes to a decision maker. An example is interactive opti m ization . in
w hich time analyst views information on the progress of an algorithm (in this case , Benders decomposition
nmmcthod app lied ti- i a warcimouse location problem) and n akes son- i- ic decisions on how the nnetimod is to proceed.
Son-ic similar work isas been done by J. B. Rosen at the University of Minnesota,

0th - icr work described t - i - i  me had an artificial intelligence flavor , dealing with-i the role of h u m ans in sys-
t Cif l s and tine psychology nsf decision nmak mnug. T bscr e was strong interest in better umiderstandin - ig these aspects
and com puter tuiodcling of them.

There is a recent ly formed “working group on fuzzy systems ,” whose Report No . I. “Sun-imarv of Papers
inn General Fuzzy Problems ” is dated Nosember . 1975. Time roster in t he report list s 39 memnbers from corn-
panics , universities , and research laboratories. Son-ic of the papers in the report deal with fuzzy sets (in ti - ic sense
~t Zadeh) . f- iu,,y integrals , and automata , wh ile otisers are on man.machine communication , mode ls u - i t  social
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behavior amid comntlict . an- id sy st e mmi s am alysis of ’ ‘‘ soft ’’ problem s , e .g., opening tine sports facilit ies of a finns to
ise pint-i lie -

KE1O L ’Nl\’E RS !TY

Systems am-id OR .  studies occur at Keio in the Departments of Instrumentation (Professor Slumizu),
Matime mnatical Engmneer imng (Professor Tone). Electrical E ng ineering, and perhaps others. Masters and Ph .D. de-
grees are given , as well as undergraduat e courses. Tisere is quite a bit of interest in optimization. Professor
Shimmmiiu has written two hooks on this topic (dynamic optimization and mathematical programming) and trans-
lated a tiiind (by Proh~ss nsr Lasdon) into Japanese , He is interested in decomposition and in multi-objective op-
timization . One of his papers deals with a block-diagonal mathematical program , possibly nonlinear , with coup-
ling constraints . It inmcor porates the coup limmg constraints into time objective by exterior penalty functions and
uses the Frank Wolfe m et h od (which linearizes the objective) to achieve a decon’mpos mt ion. Th u s is applied to
n m mu lti-co mn mnsodity f low problenss with nonlinear costs. Another deals with a th ree level situatno mm , in which ti-ic
f ’irst level immm i ts either optimize or find an overall Pareto optimumu-i under the influence of the sccoisd level .
which passes a vector of paran mcters instu) th eir constraimnt functions. This m a y  be thougl-it of as allocations of
nnult i ple resources to timem. T hese resources are limited , and tine second level objective depends on time alloca-
tio m ns aimd 0mm the decision s of ’ f irst level units . Timere may be a third level which influences tine second in a sim ilar
W a .  Thie mm uod el is an abstr action -i - i t  m an y decentralized decision-n-making situations , am- id strategies for t Ie  van-
u-ius levels are discussed.

Oth er work (Profes sor Tone) deals with Benders deconuuposition algorithm, comp lementa nity problem - i- is,
arid energy m odeling. The work on Benders considers a parametric nighm hand side and extenmds the nuet lsod to
th is case. Another app hicat iummi is to “pattern flow” problem s, network flows in which-i the flows on-i certain - i arcs
muiust sat isf y com ss mra ints sshich render th- ie overall problem- i- is ni- in a network problem . Benders meth- iod is spe-
cialized to this situatiomm. Ins con - ip lememmta nity, an algonithun-i is developed to solve hinm ear comple nuiem utanity prob-
lemus wit h a nsore gen eral set of coefficient rmuatnices. Tlsis is applied to an interesting conf lict situati on , involv-
ing pollutors (wimo nuimnimsmize costs , including taxes for pollution) and the public , which tries to nninimnze the
pollution. Time tax rates under which-i both reach the same solution appear as the solution of a linear complemen-
tarity problem. Professor Tone is also working on a large input/output model (500 sectors) of the Japanese
economy, investigating t he impact of reductions in imports of oil and of iron. He is also interested in food nm~
ports (Japan imports about 80~ of its food ) and has developed an LP model for this,

SOCII-.TY OF INSTRUM ENT ~N’I) (‘ONTROL ENGINEERS

Tim e Japanese Society of Immstr um ent and Control Engmm neers isas about 7000 members , It inc ludes m a n y
w h o  arc innterested in-i automatic control and in-i systems and O.R. A group of about 20 rnennhers atte n ded ,
both from industry and academia , and expressed interest in m y  talk on energy modeling and nons hm near optimni-
zation. I learned timat Tok yo Gas Conspammy Imas done m any app lncati ons of modeling and optmmniz at ions . Thm ese are
described in the proceedings of ’ the 1975 IFAC syn iposium ul .

I spuske later in the evening with a computer salesmnan fri - m u Toshiba l’ lect nic, Thic~ have sold arm air con-
ditioning plant to Russia . a long wit h- i a microprocessor-based c -irnputer control svsten- i for it . T h e  connpanu~ has
deve loped th rcc- lcve l huicrarc hical com puter control systems. with nisicroprocessors at time lowest level - duum mig
direct pn - ices s contro l, and mine r- i- is. nusinis , or larger macm ines at t u e  second and timird levels . domm- ig logging , send-
ing signals to li)wer levels, au-id doing high e r  level control t u mncti o mms . e .g., production scheduling an-id t rsvenmton~
control.

INSTITUTE OF INFORMATION TECHNOLOG Y t I lT)

lIT is a non-profit orgam uization . with a small government subsidy. which gives courses of ’ varmous length-

~~ i-in inform ation and ss~ t cmu - is top ics. A gri)up of about 35 attended my all.day lecture , about evenly split be-
tween academics and industry. A short informal discussion involving about 10 participants followed . A tess 
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peo ple imad c ded am- id tested som n-ie mni sms h i nm ea r optims niz at i - i — n m c - ides . mm mc lud m mig pemmal ty amid mus oh tip hie t msneti uods -

~rr.uu lie ms n pr - i i ect u - i ui . am id ( R(,, ~~‘ r r re  OcR ’ ius eo i l  II’ co des . e .g., \t h’~ ,\- ,~71) u t  I BM . I is c j r e ~ c n t a t u s c s  - i t

onme c rr r paus huad cimded arid tested su- ime special pur pose large scale LP t t u et lmo d s gen t-u aliicd (.1 13 I - i - i l  hi it- k.

.unug u lar pr - iblensu s - amid its spec ia liiat m m  to  t nr u l t ieom mu m rm ud mt v 1 -is problems - is . l’hue pent u - i mr t i a muce of t ime t onnnic
oas - imd~ fair , hut the lat ter oas t u uu ehm faster rh ua nu a cont - im nicr e nal general purpose L1 code. Results wer e repunted
urn a Japaimese OR.  Jounmial .

(,I Ni R.-\ l , (UM ’sih-N TS UN ’I lIE S RUU’l U RI- OF A(’ADEMI(’ LIh- L IN JAP ..\N

Faculty nur gamm izat io nm am- id procedures in nsiost Japarsese t [ u i vcr s i tueS are si tmnlar i- i- i  t h ose m i  I:un-ipe. h e re
are a smsuall nunssbcr ot  ciuaired positiomss , occupied by full p m o ie s s - i - i rs .  A s h a m is associated w ith- i a sp eci t ic  field ,
e .g. , S\s t e n nS theory. Omme associate professor and t h ree assistam st professors work under the cisanred pers i- inu. Pro.
ins - i - it i- i - ins is deter m- isined part lv h~ acc u- inr plish sn use nut ( nuuai nulv publication ). but also stro n gly b~ age - 1 lenuce a bright

o unug person rua~ isave n i- i wait a I - i - t u g tunic bet ’s- ire reac hntm g a chaired p - i - i O u - u . Sa lar ~ is s - iu - ipletel ~ detentt u in se d
by ram sk and -age . One cam - i ac i nt eve tenure at time lowest level . amid t here ms little nn no Ve nuu- zni t  t tacu lt~ fr i - ir is u r ic

inn stut u t  u - mu to ann - int ime r -

lire ,uho e -i ’ t c ’ l- il prevai ls at n - i t  public u t - i l ve usu t nes (Tsn nkuha is an e \cepur - i n f .  ar- id a k - i  at rnmans v suv at e
o- iues \t .u’ - d.u I l u r ’ , c n s r t \  . w h ich us - i R a t e , does [ mu - it ma- i-c t lse ch uan re - iJ svs t cn - i . pc-i -mug in t h is es neet nnno re like
an- i A nns eni ca nu uuiscrsU ~ - Puu btu c IInRL’fl.ims’ loin.’ nm - i - i  sabbatica l -, s te i l . a ht huo u uiju s- me private ones (e .g.. kL ’ i -  I

d - i . Faciult~ at put -he uunsiv n’ r sut me s are c u v .i u - i ln t t ent c - i - i rpl ccs . n- i - i - it c t n np lu- iveu’s it misc tnu ’ t i t u u t io mu .

In co n t rast  to time I ‘ o uted States.  Japa n ese universitie s are hic a vu l unm br ed - Ins private u n uv ersu tmes (e .g.. Ke iu
arm - il \~as .’ t a ) .  a b us - i ut  u ( y  

~ t ine ‘acu Ity at a ur u ker s i t r  huave rece is _’d at least i- inc deg ee In- n i  t hat un unver sm tv , in
s un hlic i- i us L’ls iui ’ ” ti n s pe rc e nsta ge us mimi - nc like 60’’ . but time l a - i g t - s t  public unm s ’er snt \ . ‘1 kv - 1 - i lRe s i t \  . is

c h se r i- i - i  )o . On ’ e - i - nn se - uric shuould note t h at sonnmc t acui t y  nnna ~’ have received gra duate de g re es else s here . pe n .

h i ’  Irons - i a university ins t u e  t ‘ nsi te d States , before retur n ing t - i  t lseir alms - i a nslater , A lthoug is time author is m s
expert onm Japanese f - u  Urn. on ue ’ s) social custom ’ns , this inbreeding is certainl y in t mar mn omsy with time Japa n ese cot- i .

ct- pt - - i t ’ Jifs”)ong servic e to an institution. It also may be ascribed t in time nsuanne n in-i wimich uninv ersnties ptefe r I- i - i

i-ire r- iew f acult y , m ore by a syste m of personal contacts ti- ian - i by tIme open interview process wh ich d u- im nm n- iat e s
I ‘ tide d St ,ules miring p tac tu ces .

I \S I l l t  I i  01- I- LI ( 1 R I( ’A L  L\ GlNi i - RS OF JAPAN fI I ’ , I~J )

I ~~~
Tiuc re us sonic use t u- ipt in ns i/at iuni ammiong Japanese un t mh tie s . T h e y  ba s e insed norm-linear pnu - ig ranns ms s m ng to

~ -k~’ a s .ur ue ty i -i t pnohh ennn s ce mi teni n- ig around genser atio ni and dr - it  r uh u n m - i- in - i i ?  power ttmro iug hn tine netw unk - i t  unarm.
nrmissu -ni lines. () uue his ’~ t i - i’ c t ’umt ict ion used si as nn si nr i nn sunm cost u I  g en uera t m i sn n tin meet -a uii - ie nu dens and . It- i e\pc ’m-

mssenmts at I kr h le ct l i e . tIn e s ,uvu nr gs s - i - i  achsi cved have beer - i quite smaU arid w e - i c  udged n- i - i - i t w u - i r t  h the e f fo r t ,
h - i s  en.! - so lut io n of prohlcnuis deat m ts g withu ‘e s te w se t - ou t  imas yie Ided better results . Tiuese are c- i- init ingen ucy

- 
‘ plann nimsg c ’ -ii’ rcu se s . irs whit-hi ce rtain - i  faul ts are postulated in-i the d - i i n h - i u t - i -n net- i- i lk , or cc rtann gn’ T re r : u n r - - m m—

ages are , u - i suu ru e d . and time -i h - cet  I- ic is t - - i  rea hlu ncat e t ise u e nn - i u i nun u c  ge nc rat n i- in n - i - i  n nm mnumnss i ie the anloiunit 01 load
that must he simed. [ h i - i c  are a k- i- i 5 - n - i t r ,uunts - in currents an - id s h iaces  wntbn mn the netwo rk. S- inch - i problems - is a - ic
-i’ L’ rr t i g h t ! ’, c ns t r ,urw ’ t , ami d f uin ius a l  pwiui . unu- u- i  mct in- is - i l s do a u i — - i d  h ut t m — u i. tca ,t h le . or near ly feas i b le .

• o l utm - i - ns ,

There is increasing use 01 110’ n 5css n. in-i J .u p uu e s e util ities , Huer rep lace ansa lu - igue eo i r t r l l e ns . per-
n r t t m r s g  ns i- i - i re s- i- iph is t me ate d lint- I u - m i s to  he per lu- imnned at rapndl~ decreasing co s t .  I put - al ins t -s mnclude tim e
n - n ut - f l u e  of curre n ts arid s- u - i ma g es . 5’ t - ie5’k ung ml they are w u t luu ts  acceptable lunu rts A - i - i  applicat ions s t nhl heut lg

ds’ve h- ipn-il - i nvolv es time app lication -I \i .u l s t - i  t r ans l - i - i r ms  u sed becaus e i l uer are t .us t er  il- ian-i the fast h - - i - i u r u c ~
“~~ I! a nsI- r b t i - i  t ransfor is m time ratio n-il vol ta g e tin curren - it. yielding line impedance . Thins will be used to ehe~k for

t he pr e sem sce - - I ’ fau lts in time tnanusrn iss iu,us lines., indm cat ed by nn- ipedancc stu a tsv ’ n’s .
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(‘ormsu lt am mt s ire less use d i- r Japanese im md ust ry t i mamu by t h ose ni tine t l i s t - U  Sia ies I o as t - Id mt uiu t n he~ are
riot accustonnme d to pari n g ti - in time o f te n in tangible hun t - f u r s  ( i .e., -i - esia l s’ ,i. p s ’ - i l u s c f  that a 5 nsulna ii: . ai-i n od - i

- tlmere us suns-ic distrust or u icga t n. c feel ings aga inis m ac~id eruuues b~ umid iust n. - due to -ann ‘ u n- i  t i — s b ’’ iuuu age Of

.uca nlen n mia fw } u u c ln us partly supported by fac t ) .  Ins additions , co nusu lt mn ug us d uss’ -a~~’aged hr n n u a n u ~ a d n n i un u s tn a i - - i r s ,

because it creates css nm ih iet wit h left ist faculty and studt-nts , o luo oppose aid to big bus inues s amid mmud it am ~ estab-
lish mm - ic nuts

As a coimsequence , co nsiult imug ae t uv uty occurs at a lower level for Japan ese faculty th anu for t lueu u I ‘ i r - i c~
St ate - i  counterparts . i - s n  those wim - is do comusult , a popular nnsode is ~is aU’o ,s~-in to it connupanu~ , ss l ien e a re t annuet  us
paid for the righ t to use up iii ii certain anloummt of time professor s t unnse . Mani~ I as ult r als i- g m - ic  s i t - n t  cu-u ses inn

co mmmp anies t Imrough private - i - rganui zatu o n is wi mich provide t ime - ic educational sei vu ce s.  Inn addnti - iu nu . Ja panese t55 u lt ~
do som me cooperative industrial ne s t - an t - l i  th rough industrial gm -ants to uun iuvt - rsmtn es. I’m u - ib lcms studied iii such - i me ~
search are of ’te im quite gen eral , amid results of inirmsediate applicability nnsa~ mu - nt be obtaummed . m u  c e n t - - i a! - t h e r e  ns a
sigi itIcaimt diff ’erermc e in pro ble m- ims solved b~ imsdu stry, w imich is sn ’ ry prag m- iuat uc am-id ne suims o nie mmte d . al id hr flu-

ensi t ies . WI-in) prefer mssore trad it ion’ual scho larly pursuits.

TOSHIBA ELECTRIC (OMP,-\N\ Ft. (‘IlL WORKS

‘roshiba us t h e  second largest electrical equupnscmit nmanuf actun en 1mm Japan llutaj ii ns t im - i t ) an~I a pp - i - ’ \n~
nuiute l~ its 10th largest c u- in n panmy. line Fuclsu works em - isp loys several thiousan id arsd produces niaur lr t- - ui I

equipnsient , including microprocessors. Altimough tl cre au - c nuuany e n ug uns e ets d- i- i u ng desug mu 0~ - i k . t h eme . me co  ( i t

anu s ’ ) applications of opt inimiza tnorm numetho ds ins design . There us in terest m u  e~ pln - in ung such app l ucanu -- n is . -\ n- T i c ’

possihilnty us t i-ic use of optinsmi iat iuuis in-i software used ton control , as t Ime preparation of so t t s sa nc  fuu t u uu c n u -amid
nm unmmiconnputers is o ne of the tasks at Fuehu works. (‘urrenmt ly, there are leo suc h lust -s - - i t  ‘ P nu i lu / a nn

One intriguing future application of optimization is to the water distrnbu tn- isn sr st ern - i  - - i t  t h e  (‘ uty - i - i f  i - ‘ k r  -

As described to m c  by 1)r. ,~l a t s runn - iu t - i - i  of Tinshmiba. iisns would m i s - i - I s  e umsindeling t h e  sr s i t - n i . -r n.u s n r I g of oat - in
sto rage tanks , supply sources , pipes , and consun-iption points . ,\ a g gre g ate - il rs - iindel v. - id-i! iwo -Re .u N- ut sn

nodes , and syst ui t ur sit- isolation would require the so lutions m t  t inat nsunnnbcr - - i t  (sparse ) nond u nej ~ equa m uu - in us. I h ere
are a number - it possible objectives , including ns-iimthnal pon nmp pooc r to sa tust  denn ia t - id s , and u nuruu ns n a l ia - i  ra i l -  mu
in the levels of storage tan ks. TI-ic project is currently delar c- il due i - i -  the troubled n i l  .1101.11 ~ - -u-ifll i - -I  t h e
Tokyo n unicipality.

YOKOHAMA NA T It)NAL k NIvERsI ’rY

O R , and system - i - is wor k is done in a mmu nsi be r of de part mnem its at ‘5 k - iulj nl. - i N. m .  . r . u l I I l - i d — m r ns i - h Oc
Electrical and Mechanical Enmgirmeening, lm uf ’orm uu at i- isnm Science . -and Businses s - ‘s i  l u n unstrat m on . I ho -i us - i n - i t t - n e s t  inn

deco mnipositiomm nmethods t’or optimization. One question Was about how to ~- s - enc - in - i l e  n i .oc u la te s-i li m i i i  ~~~ -I n I t-

subprobiems in a two level Lagrangian decont - ipussitions algon ithnns s , ind ne .mt ur ig t in - a r the quest ion- icr (a sn unde r -i I

du - inm e son-ic conusputati onal expen im semsts . T isose res ear c l lers o no lou d s~~nil k,uIil n nste res t ins II.Ohuc ns nat ici i l - I  i-e na n

ntuing Is-ad done little - i - i r rio comnmputing . es - i tu c en u nnatu n g omu the l - i - i ,us l - i e i l a t u s s  ol - i - p t u - i u i u i . - i I c  -i I h i s  J ppc .ui — n - i  f i t’

iu ge nn e ra l tendency , probably arising fr - inn - is the sIn -mug dus t u n uctm ui ns be tween - i  ‘a .uie nnn ic ’ a Ii pp lued’’ o . u s  in

Japa n . In particular . f ew  rest -ar t - ne - is  are in ute rested nm - i t ime d ese l - i ; - 3! l t - n t  - i - I  -- ipt unt t nia t n~-ini s t ’ t N s , ’ n’ , - isb ulc l i t ’ t ’ is

stro nmg and rapidly gr- i- iss ’ it rg insterest in-i nIh -i in the I nut - i d S la t e - i  S uit- J a i - u i e - i c  hnase -iuu 1ccs ’ - ir d t h at ~h m u ’  us 01 -

partiall y to ii lack t in’ funds , whmichi arc req u ired to support cxtenmsu s e Co il ipiuf mug , \ l ~~ I - ,usa detco nuiss ’an t - I - i
is mm - i - it as plentiful in-i Japans as ui - i tl’ue t ‘nmi t c d States . In-i addit nor m . m n — s t  J a ’ .urus ’sc ~1c ç . o t : t i - i : . I - i  Il,uR’ a a .R\  u 1 d . I

graduate teac iming linad, which dinnin-iis lmes tac u lt~ research - i tin - i nc.

h ITACHI S\ ’S [I ~inS DEVFT LOP\Ii NT LABO RATORY

The Syste m s De ve hu - ip t nsers t I dh- i l r lu t - i - n.  of hin tac hi n. l t d . , en- ip1 - r  s .ih - l i  ~Ofl pc- i-pIe . e ns ui~uue i m u  a - i n  c b s
ml sr te i l ls  e n i c n ne c r m t i g  t usks . tnan m m ly for cl ner l ts . o f ten inn s- i  pp- i i - i l  c - p u r e -i s-- Id h~ 1l ut . is l r ~ \ l .. ‘ o f t i n5’

wu rk has t - i do wit h- i s o t n O u n c  p repara tm i - f i . o f t en f- i- in o - r h t n - - i I .
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Oime project focuses on-i time 1’s- k y- i- i oa ten distribution system. Orme of time msuode ls ncpr ese mmt s time pressures
amid ilows in ti ue system - i- i from - is time t [ ca tnmemmt plan- its to the water storage tanks. 1 hue variation of fluis wit h pres-
sure fo llows a nmsns linear power expression. The objectives mnay be nn nnsunmu al punipinug cost or . mn uor e lukel~ . rsunu u-
nsmun m m leakage (wimic im iimc reases witim pressure). Time prob lem is dyiiamie ( 24 one-mnoor periods) , hut c-at -hi period
im mvo l.u s about 200 equations an- id variables , so each period hi-as been solved separately b~ LP (t im e powen lao is
linearized). Results are plotted and discussed with Tokyo officials , w h o nia~ suggest nmew cmsims t ra ints or ot h er
m odel revisions. Ti-ic ultiniate concern is the ability of the systen to nueet future den - i ian mds , ‘oid v.- isere expansions
simould occur.

Hitachi has solved this problem- i- i wit h their LP, a nmodification of ’ iBM’s MPSX which ruius on Ilitacisi
computers. The Japa n ese oil companies are extensive users of this system , and there is son-ic use by ot lmer c- i-nit-
panics. These others are fan less sop huisticated , and often call on Laboratory personmsel for technical assistance.
Hitachi also has the SUMT NLP code , as well as an m m- h ouse version of PA RTAN. Th is hmas been used to solve
snnm nn e problems in t h e  design of ’ contro llers for industrial (e.g., steel) processes , to yield an optin-ial” f inn - ic
response subject to constraints on contro l and state variables. Th ese constraints were imucorporated by penalty
t’unctions. This optimization routimme , especia lly con structed for controller design, is rare ly used now , due (re-
ported ly) to the hugh run Costs (and perhaps unfamiulianity of ’ users).

Another problen li-as to din with selecting timat subset -inf custonner orders wlmicis meets constraints nn time
availability of certaims equipment and wimich maxinumizes net profit. Th is is fornmulated as a 0-1 integer program
of the capital budgeting type , with about 100 variables and 384 Constraints. TIme Senju-Toyoda heuristic is used
for solution. Another stem - i- is from a gasoline blending situation . wimere at most k of n raw materials can be used
to blend a number of products , due to time fact timat only k pipelines are available to cornvey the inputs. In-i addi-
tion, materia l properties (e.g., sulf’ur content) vary during the blen ding. Since tine precise variation is not known
prior to blending, and the decision as to which k raw materials to use must be made tisen , this problem- i- i us
modeled as a stochastic progran-i with the comb inatorial constraint that at nmost k of time raw material variables
can be positive . A branch an-id bound procedure is deve loped. Details are contained in reference (2).

TSU KUBA UN IVERSIT Y

Tsukuba University (a national university) operates differently, in many ways , than ot her Japanese uni-
versities. It has abolished the system of powerful cimaired professors , has introduced a number of new curricula.
e.g.. social engineering, and nimanagement and policy sciences and is stressin g continuing education , exchange
programs with other u niversities , and faculty involvement in governm ment and private research. It is located in
a quiet country area about 40 nuu.iles northwest of Tokyo . Th ere arc plans to build about 40 government research
institutes nearby. The university currently has about 3000 students and 600 faculty, and is constructing mi-i-any
new buildings. Plans are for a student body, graduate and undergraduate , of about 9,000 students ,

One of Tsukuba ’s promising new (starting April 1976) programs is the Masters degree in Management
Science and Public Policy Studies. A two-year program , it focuses on OR/MS areas such as economic modeling.
s imulation, statistics , information systems , and organization theory, which have proved useful in public systen us
work , In addition , there is study of various prob lem- i- i classes , categorized by level (federal , local, public corpora-
lit- in- is) and by sector (energy and natural resources , health, science and technology. environmental, d c). Time
program ’s purpose is to educate managers for positions in the public sector and to st insulate research on publuc
policy problenms.

An interesting project , initiated over four years ago by Profess-inn Kuratani . is the const ructi otu inf an
interactive computer systen to aid in personal tlnancial planning. It is currentl y provided free of ch arge by a
1- i- ikyo bank to all who wisit to use it , although only at one location , t hrough a single terminal. Time system
input is data on a family’s current assets , expenditures , income and investments , and future needs. E xpe n ditures
are compared wit h national averages , and significant differences are noted in the output . Future nsec ds are
compared to future assets and inc-imme , shortfa lls are noted , and appropriate corrective action is suggested .

~~ Professor Kuratam uu also wi- irked for h itachi Electric Conipan-i> to design a planning and info rn- iati mnms systen s
t i - i  aid in managing t heir extensive eff ’ort s in software development. The system contains data on each software
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project . including m ans-hour requirems ents ton various classe s u f  programmers . desired completion dates , current
status . etc. kequ irenmemits are co nns pared tin prog ramnrsser availabilities . cuu nren nt status to desired status , anm d imp-
Inropniate reports generated. TIme system s s was described as heun tg esse ntial to efhicier - it operat ion of time s of t o ‘ ste
deve lopniment groups.

Tisere ns exten - isive in terest at isukuba nm applying msua mmagenn - ieimt science/OR to “s- isf n ’ prob lems . im cludnmug
urba n and social plam smd nmg, energy an-id enviroi mmiment , etc. Timene was interest in time ns- iodels for educational
plam-ining des’e lsnped at Siam uft rd and at N( ’hlh - MS in Boulder , Cohorad - is . Th u s stennus partly fr - i- in- i time n-iced tu)
just i f y time large sunss bein-ig spent on t h is rapidly develop ing instmtutio iu, In terest was expressed in-i time rsseasu u re-
nm - ic r - i t a mmd val hat  ions of ed oca t iommal - i- iuf cm — m nes.

KY OT ( ) UNIVERSITY

TIme I)epartm u er t of App lied M-.utimematics and Phmysics of Kyoto University Ias about ses ’e r n facu ltr ansd ~h )
students , inmcludimmg 20 graduate studc rmts , -‘s few of these are Phs .D. stude nts. Som e O R. wor k is ionic t in t - re , in
reliability, optims uah control , am-id mnat lsemssati cal pru gramnming. 1m m integer pnogramn nuing, l’r ot ’ess - inr Iharak i is w iurk-
m ug w ith m h euristics and is trying to des-e lop sonic t h eory dcalirmg with relative n-ierits of various bran- it- is amid bm nunu d
strategies. He has also done son- i- ic siu rmuil ation - is. gem ueratim sg t h e  bounds randomly, and irmv esti gating options like
deptbn-first versus breadth-first tree searc im strategies . l)rs. Fukusimima aisd Mimic are interested in muon hinsear amid
dvmmamic prograrn nusing. Irs ref ’en enmce ( 3 ) ,  they comisider prob lem-i- is in whici time objective and constraint function - is
are  t ’-i.nrns ed sequentia lly as compositions of functions of leo-er variables , these being representab le hr a tree
structure. If all time functions involved arc n onotone , it is simown t hat dyna ms ic progratmmmi nuui can he used to de-
con pose the problem - i- i intus a sequence of simsupler ones , one for each- i level of th’tc tree structure . dealing o n l y withs
the new variable(s) introduced at that level,

0th-icr work (4) dea ls with persalty rssethods and conve x programs. In an anten- ipt to avoid time ill-comudir ion- i-
ing of penalty methods , the authors use the (Fenchel) conjugate of ti- ic pen alty function . TI- icy prove tim -at , under
reasonabl y mild assumptions , time sequensce of conjugate problems so form ed leads to a constrained usptim ui ur s m . at
ti-ic sam e rate as the penalty nsiethod itself . A limitation of the approach - i is the need to compute conjugate tunic-
tionus , svhicii can be done in closed form only in specia l cases .

As in all other Japanese universities , there is little interest in the design-i of optimization software - l’iuis us
pnmnbab ly true of software in othmer OR , areas as wel l. There is also little use of softwa re by students . Occa suorm .
ally a small expe ninnemuta l code may be written to test an algoriti nuu . but exte n sive testing and c- immn panison seem -il
rare . There is some interest in the im ’nplementation of algorithm-i- is, as we ll as understanding of Ume basic principles
under ly inug algoritimm u-is , so per haps this situation will change. As it is , emp hasis is n ainuly on thc msu athsen atica l
properties of algorit imn-is . on-i time use of mnptinuuzation theory to obtain properties of optimal solutions n - i - i  sar hsus
ns ode ls , and on various kinds of decmnnnposition schemes.

A good current reference -inn Japanese O.R. is “Operations Research in Japaim ,” a 16-page booklet pub-
lished by time 0. R. Society of Japan in 1975. Edited by Koichi Mmyasawa of the Um-iivensity of Tokyo . it was dis-
tributed at t he 1975 (FORS and ORSA/ IMS nmeetings in Japan. For copies , write to the 0. R. Sunciety -f Japan ,
Gakkai -Center Building. 2-4- 16 Yayoyi , Bunkyo-ku . Tokyo 1l3 ,Japan.

TAIWAN

A(’A DEMIA SIN I(’A -INSTITUT E OF MAT III’ ,MA T(CS

Acade m ia Sinica is t he Research Institution of the Republic of China. Its nisain mission is n- i - do hasuc

scientific researc h. which it conducts in 11 institutes. It imad 243 researchers in 1974 .

The Institute of Matinematics , directed by Dr. Fon-Che Liu. does research -i in many areas of pu re an- id ap-
plied mathem atics. It has three divisions—pure mathematics , statistics , and computer science , it h as  twin nuuinum-
comp unters , PDP 8’s with auxiliary disk and tape units , plus access to larger IBM 370 nnodehs at the National
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(‘ onm mput en ( e mutem . It has aim excelle n t library , with 9,000 volumes of ms at l ue n us atu cs books , and a got-id sampling
- i - i t  ournua ls t ro mns u nuanu r co t un itmu e s. -

Thuem e is ru- i) t - i u r nemut w uik un- i th u s tmistitute un- i the 0. R. ui sy st e m s  areas . Tluene is interest in suciu work , of
arm app lied n- i -attune , amid in terest in time possibility of setting up aim 0. R. sectuon .of t h e  institute . Obstacles include
d m ntu c ulmues in-i organmizing applied projects with private industry or governn-ieist agencies. The use of moderns iii -

I’or mm mati o mi tec hmmiolog ~ in such-i organization-is is in its infancy, and the use of MS/OR is even furthuen behind .
Other problennms in~ ude obtainin g co ur mp etemmt analysts; there is a “brain drain” with - i many researchers attracted
by opportun ities in the Lnmited States , Timere are also problenms of low salaries and red tape owing to the fact
l u a u m i nis is a gove rnur - inent instituti n.

Onne instenesti nig pr- i j ect . already cunmpleted , ftncused on input/output systems for computers that would
acce pt (‘huinese c luaracters . i.e ., getti n g co mnsputens to  “understaisd” and “speak” Chunese, The complexity of time
(‘huim mese lanmguage . oit iu ove r 10,000 cotm mnnonl y used characters , poses t’ommidable problems. A smaller subset of
t h ese (penhuaps 4 000) mm ni gb t  be adequate f ’-i.nr co nss pUten use,

A variet y - is f~ approac h es were inmves t igated. Sonic of these involved trying to divide time c inaracters of
iinterest un to smusa hler “clensm em st a ry ” ch aracters , which would be consposed to yield , uniquely, any desired chmar-
a t - ten . But elennsent ary ch ua racners wimich cons -ipose easily are very numerous , while those which are few in number
(i. e ., imudividual pen strokes) con - impose in a con - imp licated way. Time final system - i- i m ust be simple , and t he so ftware
innmp lens iemstatiom s should msot be too slow, A nuunuber of promusising approacises were developed , but n ucis more
uem tua in s to be don- ic,

N.-\ t IO NAL TI- LI-cOMMUNICATIONS LABORATORIES

Tlmeae are time “Bell Telep homse Labs” of 1 aiwa mm , tine research arm of tIme Munistry of Telec ors mni mu muca ’
t i - i - m is . Time I) irecti mr . I)r . Ting lb . su pervises a wide spectrum of researc h. There is extensive research - i into inte-
grate d circuit tcch nmolungy , w ith - i a great deal of sophisticated equipment for n anufacturing IC’s , Timis is irs its
earl y stages. Optical cons imimui uiczi tions are also of niucim interest. I saw an experimental TV setup. with- i the pie-
tune trans m itted fixnrn cats - icr - a to screen by fiber optics techniques.

‘ihuene are a imumber -i)f insteresting proj ects  in time computer/O R. area. A computer syste m- i- i for use b nm-
fuinnnnamu u- i r piuu)nn e operat nrs h as  been-i design ed and is being pilot tested. Time existing systen i is for ti- ic operators
5 l i s t -  p hmone d ircc tu mries. l’o innplensment con mpute nized look-up, a system of phonetic Chmtnese characters (not
part o f the nui rnsna l alpi abet) lu - as beers devised , whmic i f its exactly on a conventional Latin -syrsnbol keyboard.
Operators are trained to key in-i Chinese person- is nam es (which contain three or less c lmaracters ) in tern - is of th- iese
s vnnnhohs. All nans s es s a t is tv i tmg thmis m nmpu t are disp layed on a CR1 screen , with addresses and nunnbers , in-i coniven~
t ii inua l ch aracters . Th ere arc usuall y a tew nansnes at nsu st . and operator and caller can easily select the correc t
onue, T h e  s yste ns n fm - as reduuced tint -al h- inok-op ti m e by a factor of 3 . and is well accepted by operators. This c om1s tn ~
m ites a succes sf u l solutionu , in a specia l app licati tnn . tu n time problem of Chinese I/O mentioned earlier ,

Am uothnen pruub lenm is t h e  hi icati tnn of central telephone exchanges in various cities , together with Uue assign’
ns se n nt - i - i f  ph one ums e rs to timese ex c ina nuges. Tin s nsa problen very sinuilar to ware h ouse location , w-ith the lim e c- i ist s
f ront- i a user t - i - i  t h e  e’.chammge known fur-it- lions of distance , and fixed costs for setting up exchanges. (‘at- h- i cx-
c im imn ng e h a s  a kn - iu nwr ca m a cm t r  , and a forecast oh distribution of users is also given , wit h a city divided into abunur
2.000 (on rtso re ) squares , an- id the Enrecast giving the predicted nunnber of users in each- i square.

S.s stated , thins could he forns nulatcd ar- id solved as a mixed unuteger linear program . h owever . an- i additn unnma l
pni- ihie mni f t - a t t i re  exists. whic h us t in - at  all exc h anges must be connected , am- id t i e  cost oh connecting ani~ pair
lep cnn d s - i- inn t im e total nsummh er of subscribers assigned tu ) both - i. For connecting new excha n ges , this requires time

inn tn u nit- n u -- mu - - it a q timid rat it- terni ( uns 0-I variables) into the objective .

Tfne probl em- i has act - in - ally been so lved br app ly ing a hneu n istic. whichm first tux es exchuange locations , as-
s u g nms cust i- imners t~- ex c inminsui es by sequential ass ignm umemm t of customers to the clmeapcst exchange not at capacu tr
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t he rm st ’a rcb ne s t o m bett e r location - is (treated as cont immuous variables with x- r coordinates) hr am- i ex ha- iustive search
- - scm nueug huhonirng squ ares us it h f ix ed assi gn unm - ie mmts ) . Tiuis us repeated unit ml the inn - i m m - - i s- -i’ mimer - i t  ii t i - i t  al c- i- ist ns lt-ss
thmim nu - i- rue pet ct -nit. line em utum c process us re peated for varn unus nw mn nhe rs i f  mew ex cb uani ges , and time optimal ns unnmb c r
is se lected. S’,utns t a ctu -r r  re su u lts lu-ave bet - mi ohtai m- ied for mm nmuu r uher - i - i f  c i tu e s , O ne s-inhutior in vo lves a demss a nid f - i t - .

c.is t ft - in 1 QOb to t  l’imi pt’i. ~m n s ~t sh ows rhuat I ~ rico t’xci nan uge s ( 2 1 ex ist nu- iio ) are mmcede d . givinsg their locatu ons s am-id
hue as s ie nu rn ne m nt  m t  L us t - s  s .

N \ lltiN,-\h I AIW ’sN t ’ Nl\’ l kSl Ii

This is time largest unsu se rsitv in T ,mnwa mi , wit h 11 .000 st oden s rs . Thue department of m athematics gives
hmmcl nef mnns , ussasters . -an -id Phu .D, degn ees , amid teaches a f’ew OR.  courses. lu cre is a one year introduc tu- rr’ o.k.
cu- iuurse ann- il ii ru - i m ul i n uear pnu m e rannsnnning course . \~ hole little or rio researc h un O.R. is conducted , there is imst c rest
ins suit- I-i work , 1—acu il t ns se m nsh e rs ate imute resned in starting applied prunj ects , but are unsure as t is im im o to gum about
it . Most are imi um hn lv tra ined in m at iennsat ics . but quite uns fanniliar wit h O R .  anmd s stems metlsods and concepts .
-\ nuunn ben of tac ult r wa n ted reco n m- im nne nmda tu - i - i n m s for readin- ig nntat c rual iii O.k ., ami d sinns e wanted O.k. curricula

am ud c - i - i uin sc descr uptiorms. ‘Flue g - iis-e rnu mni erst o f Taiwan is encounag inmg applied work hi n na t } memnmatu cs . but lack um f
t ra ined personu ns e l, and or gam s itatuorn iu l conus t ra u n s r s  are hm u nmderi n u um i ts urmi l i a tuons.

\ .-‘s IION-\ L FSI\( , ii’, ‘ s i  NIVI- RSITY

‘I t - ins  is ii smn na ll mu nsuve isu tv  (ahnnut 1,500 students), quite presti gi-inus , withu about 200 gradunare students ,
line lnsst i tute - i- -\pp lied ‘sl at lse mm natics . directed by Professor Lee . has abunum eight tacu lty am- id gis-es only gradu-

.ure degrees , E n utn l  a few years ago , it was devunted to clas sical mechanucs . \us w ’d h a s t i ree groups . com su puter
science . pnu- ihahihitr arid Stat is t ics . an-id classical rsuechanics , Courses in optinssi iatuo nm and in hasuc OR.  arc given
h~ t ire cm n ss pm ’~er scucnce grouup , along o- ith simulation and information systems. Professor Lee is seeking arm
app lied o r iel- itat u -ni i t - in t Imese progra m s , including starting internshi p pnogran s and project work w ith- i industry
imnid gov cnn uns - ie n ut , am - id shnnrt c im um nses an-id lectures in MS/OR and computer science applications for nssanagers .
Tines t- a c tu e ntu e s are r ico tin Taiwan- i, and ti-ic mansagenuent in industry and gove mm-irnent is ni-it yet as sophisticated
as inn t ime United Stares , s-in t imere is some uncertainty as to how to proceed . T iere is also a shortage - i - i t  f acu l ty.
I I- i - sm ever , n e w tacu lty arc hcinug recruited and liaisons established, A n e w  group. “Con’mu puiter- On ietmted I )ecisio nm
Scuenuces :’ us ill be t i nrm ssc d to immiu nse son ic of these activities, Tbmis is likely to he one of ’ t ise focal poitmts him h ue
diss ents im- iati o n - i - i t  OR - MS and connpunter technology in the future .

I-lON G KONG

I:dutmit iiins ins Hong Kong is based or- i a British systenuu . l’hnerc are six years of ’ primary and five years of
sc c- ii mudarv school . For tinose wino wis h- i to enter a tmnwersity. two nmorc years of secondary school are required.

1 m m  i-irom’ides one s-ear - i- if pre.unsiversity edocatiu ,n n’rore ti - ian- i the American system - i- i does. ilence umu ive rs mty
e d un catiunn s requires three years rathuer t i sans hsur.

Ili nmi g Kintng huas s o - i  nsmaji n uns iversitnes — Honng Kong Unmiversit y (IIKU) and the Clminese Uru uvcrsi t r  ((‘U)
ot I i.- insg Konng. 11KV us huu uht omu tIme m ills of ilo nni Kinn g Islamn d (it h a s  a beatutuful huarbor vico’) w hu ih - i’ (‘U is -i- in
t ime ns ra unn lanid in-i tIne nses s’ me m u  - irnes inn ii counst rr setting about I —h no uu r drive f ’romim downtown- i Ki us lunons - Bot Ii
nave abu- iut 4 .500 st unde m uts . ns su ist lv undergraduates. Only a snnall percc nsta ge of ’ unus dengraduates go i- inn to gradu.

ate sc b mo m i l , (‘ lasses at 11KV are taught in En- iglish . t h ose at (‘U in (‘hincse .

I lu-rug Kinnsg Polytechnic (IIKP) is different from ti ese . It is n-ion a university and is mi)re oriented to
tec hnical trannnu ns g . Its r - im le ns analogous tn - i that m f unur two-year ju n ior colleges. hut IIKP’ s pr-ingram -i- is are n one
o m nemit e d t us nnnninn cdi ate applucationu t h an mire thunse i f  ti- ic un iversities. Students en ter ilKi af te r  only tive years

:1 
n - i t ’ seuonn dary scin inun l . rat iner tim - ann seve rs as required hr time urmiversitics ,

(‘III NI - Si I Nl\’ I RSI i Y 01: IION( KON ;

‘Fl- ic l)epart nueni t unf ‘skit I u cm rs a t ic s  at (‘15 Inas about 18 facult~’ . It is n ainiv unnien sted t u uun sder g radua nt -s ,
hnut also gives grauluiat e degrees. Its f ’acui lt r- ’ dun no resear ch - i in-i o.k. an-id tea t - Is no O.k. c- nurses , a lt lmunu glt - s te
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- su n g facu lty um uen - imber works in cinmstno l t iseo rr and us interested in ms - iaths emsiat mc a l prognanuum ninmg . Si- ins- ic hasu c
O R. cuiurses mire taug ht t- ls emm lucre irs (‘F . in corisputer st-knee or iii nnanag em tse mum studies. Th ere us ] ntert ’st In

- R . cm nunncidem m m smi t h plains tin increase tIme ersup hnas is tnt app lied ms- iat luennat it-s - I lu- iwever - t ile tusa muage nit- nun s t - h i - i - i - i - i l
lu - as pretty ns mucbm pre-en nupted O .k. an- id will be its m tua j - i r  future developer . \ Ia t i sens - iat ucs will play nsinne of a st - n .-
ice role f i nn oth uc r deparnnnm e rsts . a hur- i -s pect w lsic br appears bleak to nusa niy t:ucu ltr ’ .

1I0N ; KON( ( INI\ ’ i RSIT\

l i- ic Nlat hu enns :uti c s De partnnmem ut at I IKE hi - as about 13 faculty. Like (‘1 , its pninrnary conce n su is with the
um ider g radu uate pni mgr m un rn. Thmere is mu - i - i  c u u n rermt nest -arc s in OR. , but two one.year umsdergraduate O.k. co u rs es
are c uutn erut lr of fered , one in-i basic O.k. (msnms st l~ LI’) ar- id one in queueing. There are supporti n g c-.iur ses in ptmuba-
hiitr aumd st - i t - m astic pn- iicess es. ‘Fluere are n-in graduate O.k. couunses — ini fact , t h ere are no graduate courses mit a 11
( ra- iiuate st uud enmts work directly svi th u to - is advis m rs . and do readings an-id research -i wu - irk prescr ibed by the m ns .

St- indents m u  t l ue LP cours e hi-ave use-il am- i LP package , o ne sm - rutte mm for t h e  Britisi ICL computen and lmnmited
to about 100 runos. Time uu nn is ’ c rs itr also h- i-as sof tware fi.nr PERT am- id I- inn duscrete even - it s imsnu lat i- iinu. A few temnumsals
are ava ilable for m ut t - mac l i ve  conunputi nig.

Flue lack i t  d-i’ve lmn pnns e mut ot O.k. pn m gna mmms wun hu i r n rsnatheunsatic s in both - i Ct’ and 11KV us duue un- i part mum
twui factors . Othn er departn um em ut s hu av c ns s m nved inmto O.k. laster , and m a n y m mmath iem is a tics students enter j t nbs tc.uch’
itug sec unmudar y sci ool upon gradu atmoum . T h e  rapid gn-.nwt lu of population in lI - iu mmg Ku- irmg li-as g enuerated a !a rgt - de-
ni-i-and for su ch teachers am-id for these a more classical education in nnatimc nuat ics us su lfIc ue rst . Susn m se facu lty see
t lmis situation as eventuall y clmanging— - t hmev are aware - i - i t  how f’ast t ime United States n u ia nk e t for meac i uers dried up.
For t lsis amid ot h er reason -is t imere is increased interest in-i applied m ath ematics . bot im at (‘V and 11KV. TIne programs - i
itt applied un atime nusatics at Ilk imuc ltudes courses urn computer science . statust ics , and O.k. Th ere are ill -anus to
add rmmore OR ,  co urse s , probably inn nnathenmnatica l prograns ming, to t i-ic two nssenti o n- ied earlier . “s muu mnsber of
mtnat h uettm a t ic s facuu l tv are interested in-i O.k.. but are unmifanni liar with - i it. St- irs- ic wish to  develop researchu mum ie rest s
irs O.k. , umt huers to orgamthre student projects. Tisese faculty are interested in-i O.k. education and practice in tIne
United St ates .

At f lK V . the Dcpartnnents of ’ Industrial Engineering, Statistics , and Manmagement Studies also teach son- i-ic
(1 k. \ l :uumagett mc nt Studies is a new depantn m en nt . just developing its programs . Industrial l:nmg ineenu nsg hi-as de-
s-eloped a pre linisinary proposal for a m asters program in O.k. It would be taken by persons currentl y wi- is kirsg
in i lK . us ho would go 1 .5 days pen week for two years. Tine programs ’ mini is to produce OR.  pm actit iommcrs .
s-i ith em ’nsp isasis on operations mnanagenient ( i.e.. pr- induction - i management an- id inverstony control). Time propuised
pr - i- g rams - i us modeled af ’ter the one in tIme Universitr of Birmingimam in Englan d , fronss w hich a n unusben of Insdus .
tr ial I:,nnuzimiee ring faculty have cu- im nne.

Ti- it- Industria l Engin eering undergraduate program also contains courses in production management . basic
O.k.. an- id sim ulation . The Industrial Engincenim-ig Department is fair ly new , has eigh t faculty, and imas about 100
unn derg raduuatc and 30 graduate students.

During m y  discussior ’us. I Imeard of some British-i O.R. texts and related material which were new to me.
Pr - i - tess - i - in  N.A .J . h astings li-as written a Dynanuic Programming software package. with an associated manual and
textbook , ile is in-i t h e  I)epartm uent of Managenisenit Studies at time University sf Bradford , England. A lso . there
us a series of “Teac hing Yourse lf” books. publish ed in England , that includes “Teach Yourself O R.,” suitab le
i - i - i r  pers unns wills a modest mnsathen natica l background.

-

‘ 
h l O N ; KON(, POLYTECFINIC

il - - s i um Kt nnsg P- n lytecinnic is grunwing rapidly, and OR. and re lated areas (e .g. , statistics . conmputers . am-id
mnat he ntatic s) svill play -am - i ir- icreas ing role in its future , It is not at all research - i oriented , bust faculty f nimmis mnat i e-
matnc s , industrial engineering, and m anagem ent are interested m O.k. . and son m ne basic O.R. courses are taugi- it
mn these depart nmsents. Faculty from-i- i industrial engineering arc interested mosti~ in applicati u- nns to production .
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and sons - ic are familiar with basic niathiennatica l programmssing. Thu s latter statenn ent app lies also to a f ’ew facult y
from - in electrical emigimmeeri rug an-id mss athmems ia t ic s. Stir- inc faculty expressed interest in O.k. uv - i - irk in educatio umal plan-
ning, and ti- icy hmnpe to insitiate si- inn - ic projects (perh aps carried out by t eams - i - if studemmts an- id faculty ( in  this area .

PHILIPPINES

VNIV1 ’ RSITY OF TilE PHILIPPINES (UP)

Ti-ic Unmiversmty of The Phuihi ppimues is the largest university in the country. with can npuses thsnou giuout tine
islands. The Phmiippmnme Center for Advan ced Studies (PCAS) is sinlely f-in researc h an- id Is-as -about 35 facu lrr
‘s i- i-sn of ti-ic quarstitative work goes on ins its institute for strategic studies . Th e re is interest inn energy m odeling—
the Pimilippines imports almnunst all its oil and has little 0th- icr energy resources. A government energ y bunard was
formssed in May i-it’ 1976. A project on develop inmg a mmmdcl for forecasting ernengy den-i- ian-id i- i-as been started at
PCAS. It will last one year . and insvolve three senior and two junior staff. l- ’orccas ts will be by ecinr ’nonsic sectors.
The data gatl’uering phase , including inuports , sector consumption , energy production , etc., huas just ended .
Ti- ic project Is-as encountered problennss in-i obtainim-ig data (particularly from -i- i oil com- ilpanies) ammd in consstruc ling
arm e ffective interface with-i gover n ment enser gv planners . Son-ic earlier studies . donse at PCAS and elsewisere ,
enmdcd tip gatisc nimsg dust u-us son n eone ’s sime lf ’ . am - id time sta f f ’ wis h es to avoid tl is in ti-ic future ,

AT INEO DE MANILA UNIVERSITY

Atenco is a small, high quality Jesuit university, near the nmain UP cansspus about 10 n iles Iron-i- i central
Manila. The Mathematics I)epartment , led by Fall-icr J . F. Nebres , gives undergraduate degrees , has a sni ahl
masters and a very small, very new Ph.D. prograrnm , and has a large MS progranu oriented to upgrading the niathe-
matics of primary and secondary school teachers , Atenco also has a five year urmdergradua le prograni in nuanage-
ment engineering, whose largest component is m athematics , but wh ich also includes business anti mmi anagem usc nt
courses as well as science and humanities. Students in this program take three semesters of O.k. - a on- ic year
basic cinurse plus a one semester course in LP. These courses are electives for nsathematics nlaju ms.

Members of the Atenco faculty have a heavy teaching load (four three-hour courses per sensester with-i no
assista n ce in grading). This , plus adnuinistrative duties , leaves little time for research. However thuere is am- i inuterest
anriot-ig som e faculty in doing cooperative work with-i local industry and government agencies. One faculty nneni-
ber in nsuathen uatics (who teaches tIme OR ,  courses) is starting a project will-i Manila Electric Conipan-iy on prob-
lems of Fuow much “spinning reserve ” (generation -i capacity t hat is idle but can-i be placed into operatio rn s’err
quickly) should be present , and how the load should be allocated between time various generators. Th is appears
to be ti- ic problem of trading off the risk of being unable to meet unexpected demands against time cost of n-iain-
ta m ing t ime spinning reserve .

MANILA ELECTRIC COMPANY (MECO)

M 1( 0  is a large (qunasi) privatel y owm s e d utility. which huas a large computer (IBM 370/ 14 5 ) .  a large cons-
puter an- id infi- irmnatitnn system - i- is staff tin un peratc it , and an OR. group inf five inn six peunphe . Its cunn puting pimwer
is among the largest in Manila, and it sel ls conisputer services to others , including Atcneo a-i-id time V msu v c n sitv of
the Plmilippines. They i-iave a large software library, including the SPSS and BMI) statistical packages . CPSS f-inn
simulation , amid MPSX/370 (with ‘sliP option) for LP,

A tew oIlier conipanies in Manila also h ave OR,  staffs. The oil conupauuies (ns iostl v snubsidia nies unf fn rei gn
concerns) do mi considerable amount of LP wunnk . mostly in-l’muse. IBM did smnnuse inn t erm - i a l  tes t insu m u-if ars ‘s liP - ‘

model , and the San Miguel Corporation (which makes an excellent beer) imas a snmah l O.k. staff and reportedl y
has used LP for distribution studies. Plmiippine Airlines also has some OR,  capability. Sn aller companies gem - i-
erally have little or no OR. expertise . Ti- ic conupuler revolution . with - i nninis and m icros , us evident ly p1st smart-
ing here . si-i t ine basis for such work is largely absent. Similar comments apply to governnsent agencies. l ineand

~~ many cu- implaints about unavailability - ml data , sometimes resulting from bureaucratic red tape .
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On-ic probleu mm wh ich- i Is-as bet-nm nnsode led by MI- It )  in uv um lves e oummbu nu i msg time operation - is - i - i f  tine \. - in i - n nia h h ‘us t-~
(‘unr porat ionu ~NI’C t . w h ich produces m ain ly h ydropower , amid ‘s iltO, w hs u c h u us the rnsn a l . il-ic pn o b ht - nmu us bas nca ll~
ss nm e of ahlocat ummg liunm ited hydropower , by h our over 4 huours , plus t h e  nie ce ssam ~ t h uen m nm mm l posit -n , t i - i  mmmccl f - i - i r e ’
cast dem manmds plus losses at nnn , inin nna l coss - -‘s g,uadu e nu n nnmetisod sm as used t u r  su n lu u luoni . lmiu p lt - n n ne mnt a ru - i n i Isas bet- ms
hma m nmpe ned b~ prob lentus in-i obtaimminug data on nh - ic luvdro operat ion - i -‘s problens u - i t  hu i ghu pr iori ty un time f u t u r e  is

tiumt u - i t  t Ime opt innmal lest - I anmd al lot - anu s - mm of sp in u mu im - ig n t - serve nns e nsti u nr sed eau lier. i-ut- I c s st s are ahuiut ~O’ - i - is guru-

eration ct- isis today , .m nd army reduction - i in-i fuel usage is eau m er hs sought , Related pmobk ’t nus nmu el uud e pt utss al opera-
t ions s - i f  the t ra m nsnusussi on u am- id gcmse nat ionm svst e r ss u- i nsueet g ivers det nnands. T inese have nm - i s tm et 1st -eu a t t a ck e d .

‘sn inmteres ling public service program -i- i li-as been instituted at At e mseo . Stuidemuts and fa c u lm~ spend weeke nds
and pants - i - in sunsut ners in-i time countryside hehpimmg poor fa nm tm ers w ith- i varnouu s projects . ‘I h it - n e us a suuperv s - i - i n y

organization-i wh ich fi nsds projects , orga muzes teanus , am- id solicits funds , mnuost ly t n - - i s - i s  a hunns u mu. Tine r ui gna mts us uhunte
n ew , but about 200 studemsts ( l 0 ’~ of time tota l ) are involved , an nd the pnesidemst of -‘ir ene- is smi ud thu - is  work reall~
‘‘turned then m on,” Ii also directs reseanc in e f f or ts  tu sw ard the countr~ ‘s rea l needs , e .g.. c im ens - i ust n~’ is n-uw
wor king on sonic lu-ic-a l problctn s of exte mmsive gnouvniu of water lilies in lakes . ,-\ nm s ern c. ns uiut iu c !,u nlss to be an u~.-
ious to do simusilar work , It is probably wort iuwisil e t i conssider imow such- i prograu mns cumuld be ada pted to c - i- tudu-
tions in-i time F ruited States.

SINGAPORE

SEMINAR ON OPERATIONAL RE SEARC h IN DECISION ‘s lAKING
(July 12-15 , 1976)

This two day se m inar was organized by ti-ic Operational Research Suscie t v i- i Sinsgapore ar- id time lu- ist it ute
o f Matimemumatics au-id Conusputcr Scicnuce at Namuyarm g t ;nivensitv’ . It attracted 7~ person-is . nsosuly r i-mi s unusersu-
ties ins Singapore and in nmeig h boning countries , but a significammt pnoportiou were f’ninnn g u- iverm - i nsue ni t an-id lineal
industry. Thmcrc were three invited speakers—Professor Al-an Mt - nt -eu of time F rsiversit y u-if Lan caster  in time I nuted
Kimmgdonu (three lectunres on nuarkcting), Pnofcssor Rene Thuo mn of Fran - ice (u-inc talk on-i “( ‘atastm -i phse l i - i t -  rv in-i
t he Calculus of Variatiom ss’’ ), and nm’yse lf ( two lectures , - i- in - it - on-i energy mu-ideh in- ig. one on mi o nm u u n near pru gnans-
ming). Each of th ese was one lit-ion long. In additions , thmene were n- iunu ubcr of shs un r nu ’n ta lks by tae u lt~ t~ onns t ime
Universities of ilormg Kong and Malaya , Nanyang Utu iversit y , the Sirmgapore Public Utilities Buiasd . list - P-- nt of ’

Singapore Authority. etc.

Time talk by ti- ic representative of the Public Utilities Bun-and dealt with - i optinnuul al locati- inu - i - f  li- i-ad tui cur-
rcnm ui :- ’ spinning generators to msmininuuuie fuel costs , i.e., economi c dispatcis. ‘l’huere ms a hmig hmer level pro bl em u s . w h ich
is w hen to turn generators off and on in order to meet load plus and Fuave am - i adequuat c spimun im ng reserve . h’ hu is
is assunued to be known f’or tFte purpose of econonuc dispatch . w isic hu is dot- it- anew eac h - i ima hf i t i - uu s . sm ith mlui ~
results tabled antt used direct l y. Ti- ic economic dispatch problenu is greatly sumn phf ’ied if t narms n- i i m s ss o rs losses cans

be neglected. Timis can-i be done with little error in Singapore , whit - re ti- ic lon gest limit- is about 25 kr ri . s- t ime
solutkn n is the classical i-inc of equal incremental slopes. This nuusl he rssu- idified shigist lv 1- account fu r  upper
and lower bununds on ti-ic allowable real power generation . an- id f ur a constraint orn t ine tint -al generatiu s ms wb s ic i m can
be transn uitted from one district to another , due to the hinmu ited capacity of the hi m es. The soluution’u has been ints-
plemented (recently ) an-id savings in fuel cost were quusted as S2000 per day . Future plans inivolve imump lerrse m mna-
lion of similar solutions on-line, using snuall computers , reconu punted at five sccormd intervals as load s’a nics ,

Some other interestin g prob lerrrs were described tin me by an engineer wor king se nt Is a st- is-all engineerinig
consulting firm. TI -icy design a var iety of networks in-i buildimmgs . e.g.. electric, gas . a ir conndiuionuunug, ar- id s eater .
In eac h case certain demands nmiust be met at certa in-i points , t I’ucrc are certain - i supplies of tIm e f luuid hcinm g tranus-

-
~~ mined , and discrete sizes of conductor (pipes , cables , etc.)  arc available . Time problems -i is to cm - i- use ti’ue rouut i m g

and s1~’.ing -i- if ti-ic conductor f’rouss sources to sinks to muse d dem an ds and sa nistv cer ta i n  o thm e r co n straints (all - i -s m --
able voltage or noise levels) at nuuininuiah cost. They had coded ulmeir own nu ixed integer pn u mgrams ins uiu mg algorith m s
and used it but now use mtnsthy sim plified algorithms based -i- in - i certain nets s- - i - s k ai pr im \i n natnu o s s . Times e ca mu
easily be used by an engineer with - i a programmable com putu , an d produce gu i-id s e s s d t s  in mm su nort t i n c , I hss ’~
also allow for Il-ic engineers ’ intervc mt nion at any stage u- if the cahc u u lat i - i - rms , Time emug ine e m I sp us ke t in ru ’ce ivet l luis
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m nau nuum u g In I m ul ,um ud am - id co n m nntn enu m e d t in - at  hue um a s part of h u t -  t - i r s - i  u’ u’ r s e s . u r u - - m u  - - i t  e rse ’j m ne e rs :rai m ned a ls r - i - i,ud to use
nmu od t ’ rt n un me t hnm ids m h- io bu ist - s t - s u m m e d  to Susu gap u s e ,  I tu t -~ lace a ur enseu .n u -m u ga ; -i u m t i  r u t -  udden e nu g unse m ’ t s .  u. ’ Iu - m ute
ursuu a ll~ t h eir lmu - i~st -s mr J u t - r u ts  Sunset - Su t ga~m - iu re ussR declared nn- idep cnal c n i5u ’ mm - i l9n5 , i t s  eduuca mn - sua l ss s t u - s rs  us
Iho ute tnt - sm ( t ime ohd t -ss u5 l \ t - s~ut~ , ‘flm - ig. u~- i f ls u’ I su iv eu su r s  , us 10 ‘. t - . u s  old~, ‘sIan y u e . m u c m - s - i - i t  t ime unId Bru nush m - u 1 -r - i i : u lsy stems - i r t - s r sa u n s  -

Surs g .hu r-c -\ :n linmes alsum has a sun - i-all I four or five peoplei OR.  gr nup. It is less thum n a vt- mi s old and is consud-
C s uru um um - - sk  onu cab in- i C u t - u s  scheduu lung. SF R ON - h u t -  l3n imusl u co n nuput en st- s suet -s coumspan v headed is~ Martini Remit-
.u lsu bias a smn ma hl hs~m s ~J m e r e . It us plmi n m muu nsg to clussu ’, biowever , due u - i - mis c stun -all s u - i m i s k e t  a m d  s e l a t u s e  I-at- I. -i - if n-i-i-an-
ingemm nent s - p lum s - i  - icmu- ru -

Dr. K . II. Phua of Nanvaisg Fnu versu t ~ is one of t he  few person- is I rtmet doing research in mnat he nus at ucal
pmogmamm-ing algorut i- ims- is an- id software, lie us a stude n t of ’ 0. F. Slsansno and h- i - as published a nunnsher - i - it papers
in unco nustram ne d nnmumm u s srmta t u o n s ibis talk ill t hue con - if ere nuce was on “Effect ive (‘om uup-anison u t  I ‘ rsc - i i ns s t ra m me d
‘su ummums uzm utnon Tec lunu uq uue s .” I bus s’ u - s k us deuc mubed in a paper by ‘hat title which appeared in- i ,~Jwuagu’pne,nj Su n-
un u  m ’ . \uu’ennm ber J9’7 5 ,

N - \ \ \ , -‘i’.( U\I’s ’ERS( (’Y

Omit- of t ine spom nso rs u t  the O.k. Conf ’ene m- ic e . t hmis w uivers ity h- i-as -about 5 ,000 studen ts. i’he nttat h uc mnuu u ics
depart mi me mu us d .’ sor t - uJ  rssau n dy uu un dergradua te education - i , 1-mi t gives ms - i -asters an-id an occaszomsa l Ph I), degree .It teat - hues to - inn on t ivt -  ummdergradua uc OR.  courses , covering time tnra jo r  areas oh O.k. It has a sm t alh cot nupu lem -used ss s ,ui s d y t m - i n educationral purposes.

FUE SINGAPORE OPERA I iON AL RESEARCh SOCIE TY

TIns S m -cu t - m y was torn-it- il in ‘s lant- In 1976 and currem - it ly hi-as -about 70 ms - it - n um bers . T ime curre n t presider - it is(Jr . ( i- it -se of nh. ’ Nars y an us \1. l b ue num a t nc s Depart rnuenst. (‘o.sponsso ning time O R .  semnnruar was u-inc it its f’irst mssajor
c- i -is u t - iC~ -

REFERENCE S

‘ut. P. \ tes ’arus,y and ‘u - I’aka tsa,ra . ‘‘Genera l S~s ner m s s ‘t ’ tu eo rv . Matt rensatical f oundations ,” Ac adennnj c Press , Neus ‘ - m t
I 9~

- 4 ,
2 . 1’ , I ,uh.mt.u , ‘ -‘u I n - - rac e ‘um - ue t - i .us usm Prograrrurrsnng im’ itfn (‘unnstra m n ms -in Bases , ’’ Presented am OR S,-\ ‘It MS Juuint meet urs~r ,Las \ seas . N uem hu n I ~- I  9 , t 9 7 5 ,
3 . II . ‘uuumre . K . (Minno. ‘ul. I- uk tusi s m m u a. ‘ ‘ ‘ut ulldu’vel i)eeoninpositnon ‘ 1 Nuininnear Progrannnsdn~ .” Journal oJ .t!ath , . -m na / o’iui l~ ’p li cat io,n s , ‘ u - - u ) - 53 . N-, , I ,  J-a n u a m v  I 9~ h.
4 . II . \Iunt - m d  9 - 1 uk uus tn jmsra . ‘ ‘ -‘u p pt m ca iu - im n us I- enci mels I)ualit ‘I heorens u-i Pensalt~ ~sIett mund s in (‘onive S I u t - m u - i n  en us - -

Department o f -sp;- i ‘ula ttu . .unut i’to s ue s , k - - u t -i I. n oer su mu , Jar nuuar I I  “5 .
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TWO TURBULENCE OR I ENTED FLUID MECHANICS ME E TINGS

Leslie S. G. K ovasz nay

During ti- ic ns omut i m of Juune 1976 two fluid umechanics msseetings were held in the United States , nm- i and
around Washinm gt usmm , 0. 1’ . TIne 5 urst smas thur lnten ruatimsn al l’nion of ’ Th eoretical an- id App lied ‘s1e t - i sa n u ucs Sym.
pos iumns on Struc t um re u t  I urbule nsce mind Drag Reductions.

Th u s was a 111AM Specna hists ‘sleeuimsg . spommsored pr im aril y by the hsos u organization with - i addn niunmsal sup.
port fro mim Air Force Of lice f Scieu itiflc Research , Offi ce of Naval Research - i and David W . h’ay hu - ir Nav ,ui Sh ip Re-
searc h-i am- id Develunpns enst (‘t - n mter . A nten danuce umas by invitations omm iv amid th ene were 110 pant- icu~- i a muts (69 fron m u
t he United States arid 4 h f ’roms ’u abroa d) , The synumposiunu was dcv tnucd to time studs ’ of lw-i- i related -am -id slig ln t I~
overlapp ing subjects. One was the detailed struc t unme of turbulent shear flows and time oulmer was t ime nruec hmaumnsn m m
s ut ’ drag red unctiorm either by long chain pohymuser additive s (Tuinns Ef fec t )  or by connphn ammt uma ils . In time case - i f
additives the wi-irking fluid is usually a very dilute solutions of long ciuaun polymers either in water or ins Isy d nuu ~
carbon liquid. hut sinsnla n ef fects i-i-ave beers observed j r- i air flow with suspetuded dust or um ber snumal h partic les.
Th t -  flow umver comssp liant walls is a contros’ersial subject an-id u-inc full session was des - i - ted m u - i  its duscussu omu . Tine
study o f drag reduction in turbulent flows brin gs into focus time urgent need for understanding time dynamnic
strut - lure of ’ turbu len t-u,’ inst - It ’ , Tisus , these studies may act umally const nihute to a better unuders tam - idung u- i t  r ise p ls~ s-

it-al processes inu- olved in turbulent transport of mass . m n uu - inssen st ut u- i au- id imeat. Ti ere si t - F m.’ ahoust 45 papers st-lied-
uled for a full week ’ s program with adequate time for discussion.

Slightly more than half of the authors were from outside the United States. About one.third of the papers
dealt with turbulent structures without any reference to lime drag reduction problem. Thsere were also sonic
papers concerned solely wit h the behavior of high polymers in very dilute solutions and there was a substantial
nu n u ’uber of papers repusruing results on tine structure u-if turbulence in flu iws w nth drag ned uu cnmmg highs pohyrsuer
additives.

Various papers neinf’or ced the suggestion that the observed drag reduction us d u e  to am- i in crease nn time et -

fective viscosity in tIme fully turbulent portion of the flow . A pparently tire e t tet - tu v - i . ’  vns5 ’ost m y still m e mns au n s s mn alh
(near the Newtonian value of the solvent ) within t he viscous sublayer increas imug gradually sm it h m i mu t ime tu rbule n t
portion of the flow . Furthermore time viscous sublayer appea rs t i m t iicken us mi s unncreas e d addutuve . qunite un- i agree .
msmcn l with - i the -inhserved drag reduction , In this report ouur mn- ia in concerns us t im e cu j ntrn hu m m 5 - 5 5 5  -it mm uut hso rs t m - - t n - i  t h e

Far l ast and the Pacific area so we shall briefl y review only m i ni - se papers.

‘‘E ffect u- if h ’ , iunngat iousa l Viscosit y of ’ Punh y mn uer Soluntions u n  ‘l’a~ hu m m-G - i i r t l e r  \ - i r tuce s’’ hs \ ‘I u unssn5 a am - id 1 -

Jotaki , Kyushsu h mns tnt r ut c  of Tecinnu-ilogy , Kita - Kvu ms imum , Japan - i. Ths is t i ue u ur e tuca i i y nrme n uted pap- i.’m us . s ; tmr es t - m u s ed at
t he Svnsupu msuu nm by P s - i - t t - s s - - i s  T unnmita. Time paper ai mtsed at e xamsn m nsimm g t h e  et ’tect i nn drag reduuctionn - i - i t  ~e m s . m u n u
t y pes o f flow innstabil i t ies thu -at u l t i m ately mn ’a~’ lead t m - i  tran - is it ions au- id tur hu lcn mce . line auu t iu u rs eai c uu lated t l c
‘ray lon.Giu rm ler instahi hun ut - s f ’or time cumse m f a dilute polymer s-l ut iom - i . Time rnncnpah phivsucal a s s i urss pt  uu nn is t nat
the fluid posse sse s an- i ‘‘e Iu mngamiona l slsc u- iSn t v ’’ t isat nsu m mv he onme or msvus orders of ns- ia gnmnm udc greater tI - ian thu s
conventiunnal Nt-si tu - in- ian vns t - u - i su u y .  Tine authors ’ calculation hecisnique tu - i l lows a nmiet huod si ns sm lam m - i  t fsa r  u- i t

Hamnmn uer lmn. The res u lts indicate that bouundary hayer flows over a c- i- in- it -ave wal l bec unn use ur-i sm , ihi e .it a higher
‘‘Gsi rt ler-m iumhcr ’’ (non dins enusiisna lized curvatu nre f ti - ian- i t - iu r  the sus h s ’cnm t hi qumnd ,uh i- i nm u. ’ , Irs  addu mu umnm tIme auu th mu mr s
t ’o um mn d that the spaumal scale of the vort ices increases with - i ann additive . T bser e arc still n- i- i cx pernmtt e nt al  resul ts
avan lahie ( m n - i Ta y i - i - i r4 ört her unstahi h ity in tlu ws wtmhu drag reducing pc- ihvnuer s u- i lu utuo rn s .
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-‘ pas nu cu m lauR u usnp u n rt a nut pa~-ier fromni Japanu us-as eumtit led “Reduction of Eddy’ Ditf usu v u t y for Momrmentu rmm
amid hit - at in- i \ usc - ine lastic Fluid Fluuw hi a (‘ uucuu l au lube’’ by ‘F, Muiuushinia au- id i i .  Usw , Dep a rtn ni emst of (‘hie mnii ca l
h -n - i r u ru u’ ’nnrmg, Kv u m u u L mnnsen sum ~ - K y - t i - i . Professo r \lu,usbuim-ia h- irs-st -muted t h e  paper reportun g msew expe niuusenta l
resu lts -ishtained urn su m laborator y - Derailed u mueasuur em n cnhs wt - me giv e r- i unnm a turbulent pipe flow these included
t h e  nnu ea nu velusciu~ dust rihutiotu mummd turbulence ch aracteristics all measured by L1)~’ (Laser Doppler Ve locimumeler ) ,
in addition lu-i the sr s ea n u ve lu ci ty anmd time r.m.s. value of the st r eamwise velocity fluctuation , burst periods were
nuseasured. Fuurthe mnmor e the turbuleru heat transfe r properties were measured by using a msumber of thermo-
c su - i m plt -s Ti- ic prinscnpa l cxpenim nnensta l fi .mmdim - igs mi ay be sunusnnar ized as tuullows:

1. Ti-it- turbu ien mce inten sity was reduced in time wal l region quite in accord with the drag reduction ef-
fect but time turbulemuce in utcn - is nty in-i tIme central region of the pipe rcn-iained unaffected by the addi-
tive ,

2. A umnsiversa l tuurbuu leimce irshensut y prof ile at t ire mnax ,insi unnm dra g red- i- it - lion- i asyn s mproue was found .

3, rise average hu rs t Im t - u~uenm cy’ observed at time wall usas signitucant iv hu- iwer with the drag reducin~
m mddituse t iuauu us m mii t 1 t -  Newtonian- i fluid.

4, Time t u r bu lent eddy’ dm 1 lusuv ity f-inn hit-at was reduced m t-ar tIme mm miii just as the t-dd~ duf iusnvuuy
unu - i unnue n ut  umnn

‘Flue auth - in ns inudicated t i m - a t a sinsple eddy diff usiv ity m model earn ac cu u u m ut t n  all time measurable e t tec ts .
whmuc b u is certainly usctu l t’ us time prediclion within engiumeeniung accuracy of transport properm ucs in d rag reducing
flows, It na y  be -added pa m e nmt lu t - nu cai l ’, that Prisfessor Mizushm inua is am-i active leader in Japan in-i the researc im tromss
a ctmers nca l ens g nnu et - ninmg slam - it on turbulent flows , 1 visited his lab srauor y at K y - i - it - i - i  L’ns mversu m y and unhst- nved a
large s arue nv ot in- itt - resting f lwd ns me c h ua umics projects. In additions mu - i m is  professorsh ip in the Departun cnh oh (‘henru
ut-al is m mg inueerir sg , Protessu - ir \Iizuushui nua is curre n tl y serviuug a t er m s as du recmunr of time N uclear Enuerg u, Researc lu
lnmst i t lure - i t  Ky u- ito Unmver su ty -

Anuothem pronsunent Japanmese scientist attended the Symposium u-i. although he dud not present a pape r .
Professor I. Tani chaired a session and he was a member of the Scientific Con-insittee that organized the nseeting.

Ti-incur papers concerned wills the structure of turbulent sisear flows without the presenuce of army drag me-
ducinug ags’ rmus were presen sted by Australian scientists.

‘‘Fuss- Streams - i Tum nhuien - ice and Si mea r 1- f ’fect i-in Boun dary Layer and V~- ake St r uctu mres ” by A A A hu mum a ,t .
n- inu e rs U\ u- i f S v u t m iev R. I- - Lunx tunn. l1mu nv ens n n y ’  f ,.‘mul e lande ; mn nm uh R A. Ant - innia , Unnver snt ~ of Nt-si ca s t le , ,-\us.

tra hiu u . Professor Luxtunnu prese n ted tine pa~-ier on wu-irk dunn- ic at tIme University’ of Sy dney wi - icr- i huuth i  ime amid Dr -

Am- i b m-ia were still the re , ( Rece ntly- t lse y both moved t i - i  tiseir new- acadens uic positio ns- i.) Time central them - i- ic u-it
time 1)-al-icr si-as ti-ic stud y of time eff ’ect u-it ’ both the mean shear (nuean velocity gradient) and t he t urhuhem mn cncrg~
in the free stream on-i two different basic shear flow configurations. in the first case a cylinder was placed ins mm
nearly’ hunmumogenseous turbulent sisear flow , (Professor Luxton imas studied honnogeneous tu rhu lenst shear flunws
its Sydn ey t o n nssany years.) Inn ti- ic wake behind the cylinder the effect of the mean shear and turbule mo emuen gy
mn mu the gross -nh i - i t  the wake width and i-in tine turbulent lengths scale ins the wake appeared mu- i he sms all , aIm - i-sn
nut - e ligible: u-in tine u- i l l- icr hand , time external shear flow caused an asyn- imetrv of ’ t he wake and a ski’s m nm ess in-i time
o ruemuta mmiun - it  m Ist - wake axis. In t u e  second case , a flat plate was placed in time turbulent she-ar h -nw and t Ime
tur bulent hunuinulary las er  gnowinsg along the plate was studied. In this case , there was son-ic ch ange var~ iru g at--
cordinsu s tm - i  us hethuer t im e sign-i of the shear in the external flow si-as the sam e as or opposite to tine sign u - i l  the
s l it -a r mum time bow id mm ry layer.  But a msuuch larger e f fec t  was attributed to the turb u len ce level - i t  t ime ex terna l
tlow . ‘Fine e’~tc rmnal tunrhuience appeared to affect strongly both- i thu’ growth rate and the large scale structure in
tine t u rbu len t houmsdary layer a long the plate.  Ar interesting conclusion was suggested by the authi- irs . mini m the
dif ’f e renu et- in response by the wake au-id by tb - ic boundary layer to external sh ear - i - i n turbulence na y he due li-i t i e
sensitivity t~ the mn ue c hian - i isns s by which large sca le structures are generated in the boundary layer mea n t l e  wah i
in cu - in- it mast with tree si- ic-a r tlu- ius s . such as tise wake behind t ine cylinder , where the large eddies are created b y
a pu- is ’. t-’r f uul inms ’ rsc id t y p e  u- i t  instability after the flow iras heft the solid boundar y of the cy linder,
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“T ennmperatu ure Dissipation Fluctuations in a Turbulent Boundary Layer .” K. R. Sreenivasan , II. Q. Dam n
m m m d  R. .-~ .‘~m uu num u . I - n i n u e r s u l y  ii Newcast le N S. W ., Australia. Professor Anloumia preseuu ted time paper whmo se
subject is a classical pro bleu nn , huit ums inu~ a sew ammd rather ref ined expe nimssermta l tec h nique . Am - i array of four hot.
wire an ue nunonu - ie u~’ns w as used at ii very low heating curre n t , so that they acted effectively as resistance thenmm uonns-
et t - rs . Ftm ey recorded ris e tenu pcrature fluctuatiorm s , and time four signals were commuburied in panrs nun form - i- i tine
spati al d e iuv at i ut - ’, - in time te nm uperature iii order to calculate the fluctuations in tfie temperature dissipation. I-ni nnm
onme pair ot us i t t - s  sm ut- u- ibtains T~ and fru imum the other pair T~ while ti-ic third com ponent , nanuely- T 5 - sm- as oh.

tainned h’~ I i rst t’u- immnu ing T~ 
imy a dut ’ter entiatim mg circuit . then invoking Taylor ’s imypot imesis ho convert time time

u.l t - ru m at uv t -  un i t - i - ‘I’ ., t ime s tr e annn ss use space de ri m a n uve. Means su1uma re values of all three uh ua n mununes an s uh spe cmra l mneas-
uremnme nhs inmdicatt -d thu - at mr - i t i e  inner regis-in of the bunumudamy layer the assuu uption of ’ local us- iu nropy in KoInno’
gorov ’s sense is nm - i- it a good appr umxu nnatuon. Furthernmsure tI me authors f ’ound that hi-ic stneamnswis e component u- I

time tenm ipenat ure gmadic uu u is rich-icr in higim frcquennc v con temst hi- ian- i the olhcr two conspomsents. The sums - i of ti- ic
sq uares T 5 2 + T~

2 + ~~ K seem nsed to app rox nmnnah e the so-c alled “Log Normal Law- ” (proposed by Kolmo-
- is unnos as a co nuseu luenice ot ’ his third ts vp u m t i s u’sis ( I 06 1) )  bet ter  tisaru did any one of the t isree counp nnue n - i t s alone.
Indeed , t ime varian ce u-if the lunga rit hsnn of time u t -all y -average d K was found to be proportiunnal to log r unvcr ‘a
ramnge if m ’s es .uem uuim ng unvem a ratio of 1:30 , althu ugh Ion tin t- individual com uuponents t i e  “Lung Law” w as valid
unru ly’ for a mnuuc b snuna hl er ramsge , f ’s-in a rat io u-if about 1: 1 . ‘Flit- “Kolniogorov-cons tant ’’ of t h e  ‘‘h . og-Nu rtn ua l Law ’’
ss as n ’- iuund hi-i he 0 .35 , Time umsost inssp u- i rhamst con seque nce u-i t’ t h e  reported research us uls war n ing no - -sher ne-
seare bue rs to use -all mlnr ee c imm nup o rne nts of the gradient funr calculating a dissipat kntu fummct inn, beca uise - if - nil. ’ o m e

c- i nn nu pinnmenu u is sused - basest - i - i ns a h-ape f’or luncal s uitru m py ’ , nIne results will he nnsore erratic -am -id cusu ld head to seriu mus
err si r ,

“h- f lec ts  fnunn ru time Large Structures in Mixing Layers au- id Further E vidence of tI me Structure of time hlu-iunsd-
any Layer ” h~ ( . L. Ilruswnn , Um ’miversi ly of Adelaide , Australia , Dr . Gary Brown is well known- i in tIme United
State s  mn ua i r uhy ’ Ion iris thesis work wit h Professor A. Roshko at ti-ic California lns t irute of Technology , i’asadena.
A r tfn is n n uee t in mg [)r . Browns reported expeninuen’utal results unhtained in his new f’acihity at the Un iversit y u uf Ade-
laide . hI ts  p pt-r cu inms istcd of 1mm - i- i parts. Ins one part he com’uti m ’uuued Imis earlier wi-irk stu- idy ing the m ixing layer
he t s seers t svu i para llel gas st re m mnnns . hut using his ness facil it y- , in this series of experiments he m easured the ct-
mt - ct u- if connn press nhi lit~ ( Maclu numnuhen) on ti-ic large scale structures dctect ibhe in tb- ic shear layer and ic  found
the t-onnupr essibility effect tu he considerable . In the other part of his paper he reported a new experiment
searc hun~ 1-- in large scale cobuerent structures inside the turbulent boundary layer . He used both wall shear probes
.mn d ui - . -  arm array - it hust .w ires , TI- it- n uost striking new finding was the high correlation (with- i no relative tune
delay ) between tine linus -frequems ey component f the wall shear stress and t h e  high-frequency sbmean fluctuation
lest - I b l ue c u- i n sm e~ t m- i in me l - i - i t - s t y  u- i f  tIne large scale struct u res was about 213 of the free stream - is velocity , a value
sonune sm at  l n t t e u  c - ut  Ironi t i- ic - i t e m - i  qunoted ~(Y : value msmeasuned as the overall convection vehociu y’ of the wall
pfe~’~umr t - ‘ a s t e r n  on a t u t - i u u len- it hsiursdary lay - eu .

I l - i t - m e sm .u-. u - i n m hy - i- inc paper fr - i- ir is India. but its senior auth- ion is quite weil known in the United States , los
- ‘ t te n  1 m u ted inn m hue “ i n  ag reduci n g rese arch - i” comnnsnunity -

‘I niggurrt- t t rans m i t  ion urn the Pipe Flsnw of Dilute Solution of Random Coiling Macronuolecules ” by P. S .
n - i  .ira , In mdua rm Itu sli tuite u- i f  Technology , Madras , India. In a caretnuihv planned and rallier ex lens ivc cx -

- -
~ ‘ a m pmumg ran’u’n , l.us nn un u r-t  uirhulcm t flow transition was studied ins circular pipes in which large upst ream uu
! .um nce s — m ere ~m ea t e d by- a ci s u st ni ct ing usrifuct - placed inunuediately’ before ti-ic entrance u - i l  t ime test set - his - in.

- m u t t - i - i - i r s  dr s munu g n s u si u e d three m u pu’s ut  t r a n s ition as a f ’umnct ion ot additive u’oflc cr mhrati on and type.

I 1 mm n mmun u a s mi - i  \ ‘ ‘.s - un iamn I umhuulent flow- that occums at concentration - is w isene ti - ic poE-i ms ren did riot
- .~ arm y i ts at - re duucti u - inu amid all flow cimaracteristics are indistinguish able from Newton- ian flow’ ,

~t fs ug her t - i u m ncs’ nn l rat iu imn ’, tine flow e’mb n ihited drag reduction at the ear liesh fully turbulent slate , The
em u n uca l key m old . mi u u rt her was found to be the same as in a Newtonian flow but a more distinct
un bemrlnitle nt -y -is mm ,c observe d at the pipe axis than for a Newtonian flow,

3, the nnsa \ u nsuunm drag reduction case when the transition to turbulence did occur at a lower Reynolds
n i r m - iher than in a Newt us tm uan flow (Re 1500 instead of Re = 2000), but no inhennnithent-y was

¼ d u s t - e r mm ed .
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After tIme f ’omm nual papers presenmt i:mg new rese art-in results , tin t - re was a g em - is’ m mm l discussi-i.un u , l ime pruucupa l
parhncu pan-ils were prou nuiu menit researc imers such as C Elmi t im on Israel - \l I - [.a udalml I no nu m Sw u’ulen - i . ari d J. L. Lummn u-
icy of ’ lie Umxited States , all uryimig to con-inc to a gent-nil conisenusus at unsmem l - i meran  mm m i .

There was a well attended banquet at which the speaker was Pro f ess - - i n .-\ - B. 1 .-m rs m i t  r is e I o u u e r s m n y  - i - i f
Bimmn - iinmg hanni . Emmg larsd . t ime person f - inn us lmouiu time ‘‘Tu i - isis l~ f leet ’’ has bet- tm u- ia m e d  - h’ s - i - i f  essor 1’- - in ms gas s’ ple m usanut
ren m n inisceu ces of tIme earl y h istor y ’ of the pbmer m inm msen i- ir s to w hun cls tine t - u nnm ne nnmee nn mug us-as dedu - ,,ute d -

‘f ist- o t he r  meetiu-ig attended sm-as sponusunred by’ Pnojcet Squid (ONR) -au - id i ts title w a s  ‘ ‘Wu mm kshu i- ip -a im I un~
hude mmt-e in Immte mnma l Flow ” lucid at Airhie hi - m u se (aum old estate now tra n usf on mn ued un- ito a simm -all t - - i imu se n u tn - i n m m center )
in the Virg inia cumuntryside msear Warr enton, Time surrmnundirugs were very’ attract ive .

Ti- it- nn eeting was at tetnded by appmox imi-iatchy 75 iuuvited par uucupan - ius amid time advansce pn - i gra nu - i  mm rmnuounc c d
about 15 foru mmal lectures . Its addition , a nuunsber of shmorter pnesennani o nms were squeezed ins later , resul t i ng m u  a
mat h-icr t’ulh sc hueduh e . Project Squid arranged time m eeting to follow nuss ni nediately time IL I AM Sy nsposnu m n u ur Wash ’
iimgton sun that m a n y  visitors Irons distant places were -able to -attend h- int l- i. In fat - u . mm hunu n a d iuze nu paru icnpam it s
were frou m n abroad ,

Time t hm c nnme of ti-ic unectinsg was unsteady interaction witim su-ilid bodies of torhui leumce u- in of large sca ls’
vortucuuy . TIne punssibhc app hicati o mss tin runtahun ug nsachinery were always kept in m ind .

Time u n l y’ fu rns ma l it - ct rune co in in g t’ronn t he Pacific area was:

“The Et ’fs’ct s o f an External Turbulen t Simear Flow’ on a Turbulent Boundary Laser .” by .‘t, A. A hnnsmad .
R. E. Luxton and R. A , Antsnnia , Unmiversity of Newcastle , Australia , delivered by Prunfessor Ammto mu ia. lie gave a
rat her detailed account of the research ainnied at detemns- iining ti-ic influence thu - at botln ti- ic turb uul e nmct - -au - id t ime
nmean shear in the f,ee stre am exercise on-i the developmuuer t of a turbulent bunundany layer. ‘Fl- ic res t - asc i i  upon-i
which the paper was based is essentially the san-ic as t’or the u-inc givenu im the corres pomsd hrsg paper at tine IL1 AM
Synsuposiu r-is . Howeve r, at t his nneetirmg i full hour us-as available f - i - in time presentati - inm - i instead umf 20 m- iuiruuih es l u - in
t imis and an-intl - it- n topic co mm bined as at ti- ic IUTAM msseesimsg. (‘u-insequenmt ly . t ime aunulmors gas -C a great deal of tIne
rich- i detail of t h eir experds-iental results , s-i- ins -ic o f whici were quite surprising. it bet -an - itt - cit - mis tb - i - a t  ti - ic free
strea nnu turbu len ce signm ificantly alters time generation of lime large st-ale ns- iu- iti on be lmesed nun he im utuated n- it -an t i e
solid wall . In addition , t h e  mean siiear of the external flu-isv alters tb - ic entra innusemmt ch um nacterustucs. It mv- as suir-
pnising to find timat t ime sisear becon es zero near Il-me ed ge of ’ t ime husunudanv layer f ’or both p- iu s in ive ari d n- iegat ive
extc m m al nucan shear . Timis finding seemns to be supported by ti-ic additiunrna l ex pe r innsensta l resunits ti ar hu th m t ine
msnean velocity gradient and the turbulent sm ear st res .~s(Rey no lds stress ) vanish a m blue sanise l u m catuu m n .

The n eehing had a relatively large Fnem ’uc h t-unnhiumgent indicating great immh ere st imm t h is hy pe u f  researc h- i hindu
in academic circles (Prof ’essor G. Cunmte- BelIot frsnuu Lyo n an- id 1)r - J. Gav ighuu - i f r s rn \la rseih le) an- id alsun Gumverm-
rnent Laboratories of Office National D’Etudes et de Recb erc ises Aerospatiahes (Dr. M. L. Bamn~t re an d Dr . 0.
Lcuchter) .

In my opin ion , t he h) irectu - im ot Project Squid . l)r . S. N - B. \ l u r t l n y - i - i f  Purdue t rmiversi ny ’ , luau du- ine a
creditable job in-i umrga m niti nmg such mm fruitfu mh anud pieasanmt n eet ing. especiall y- ’ in at t ract ing sui t - i- i iuigi quua h imv 1,-am.
tici pat mts from unuts ide tine ‘‘Squid famil y ’’ arid ever - i fr i- in-i- i unverseas . Th is was acisieved wit hsou n t a n y  ius m ern a mn nn na l
organu/at m u - in - i participating in time sponsors h ip.

I.

In addition mu- i partici pat m ng in the l w u - i  meeti rmgs , I iad a cisance hu n  discuss research prob lem s- is with a n nu i mmm-
her of we ll known h umid nmechanucists of the Bu s ti m t n -(‘ anum b ridge area. Pruntessor F, Ahernat iny - i - i t  iiarvard described
his yet ummpuih lisi mc d wu rk u- in the effect -if a Iinrmg ch maun punhynmuer additive on a free s’m n rtc x f lu - isv (f lu e cont ’iguura ’

‘p’-. lion is the well kr - iumus - n- i ‘‘bath- itoh drain vortex ’’ pru nhlemsu ) that see m s to conf ’imn-i t h e  tindin - igs of umt hers i- ibm - annie - if
in unt her nonn .tu umh u lc nst flows with drag reducing ddntives . Pru- ifess o r Shmeila Wid niall him - is re nu rm mc d run M ,I.T tu f te r
a year at the [)epa rmmn ent - - it Transportat ion inn Wmmsh mnm gm u - i m n am- id Isas resum ts ed hut - n re s t - mi s elm - - i nn n um nste a d y s - i - m t  ices.



if

Profess -inn Eric Mohlo-(’hnist erisen of M.LT. has recovered from his earlier serious illness and us active again in
stuidying fluid mechaumics of ’ the ocean, Professo r J. L. Kerrebrock also of’ M.I.T. is trying to synthesuie into a
theoretical fra usmewo rk the experiments perf ’ormed with the M.I.T. instrumented single-stage researc h com-
press&nr. He is concerned with an interesting problenm , t he merger of the individual vort ices timat are simed f ro m
cacti blade , a pheriomnueruon that causes a change in the propagating acoustic modes in the. ductmng and pro.
four-idly iumuluences the sound em ission of jet engines.
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APPLIED SCIENCE AT THE UNIVERSITY OF OSAKA

Leslie S. G. Kovasznay

The University inf Osaka is a former hn peniai Unmu s-ersity and traditionally it is rated by the Japanese either
as the second , immediately after the University of Tunkyu- i , or as the third, ranking after the University of Kyoto.
As far as science an- id engineering is concerned , even a superf icial look conveys a feeling of vigor and ambition.
the Um uiv e rsumy is spread over tb ree nnmajor canspuses , First , ir Osaka proper is the Nakanoshinsma Cannspus timat

imuwses ti ne central ad nns inu istrations and tIme health scie umces: Medical Scimunol , Dental School , etc.

Ou tside time city - proper is us e Toyonaka Cam pus located about 12 km due north from the center of
Osaka. s h u n t -  chose to the Osaka International Airport , th :ut serves the entire Osaka-Kyoto-Kobe area. The
Fat-unIt y -inf St- icr- icc and the Faculty of Engineering Science are both located at the Toyonaka Causspus , and there
seems to be sufficient I-ar-id for further expansion.

An t-timer Campus is located in Suita City farther out from Osaka . about 5 km northeast from Toyonaka .
On the Suuita Campus arc located the Faculty of Engineering and a number of research institutes, In addition-i to
timose , there are n-i-any inthner divisi sns and special achivities, but here we are concerned only with-i science and
engitmecniumg. The division-i into faculties of’ Science , Engineering and Engineering Science appears to be quite
arbitrary and it is due both to historical developnsent and to adnministrative convenience. l’he geographical
dispersion of the university does n-i-it appear to be as serious as one would suspect f rom the above descri pti m.nn.
One reason is that the eauuupuse s are rather autonomous and another is that interaction and cooperation aniong
the groups is facilitated by the relative abundance of public transportation and highways. TIme entire Osaka-
Ku-ihe-Kyoto area is a highly populated , highly industrialized and well developed area with adequate comus uting
t’acilitics for mm combin ed population of ahouut 10 nimilhiorm people,

T he grunups visited were chuoseum for their scientific reputation in-i the author ’s area of con petence and f o r
the availability of ’ t ime key scu enstist at the time of ’ the visit (in that order). First ti-ic Toyonaka Campus was
visited beginning w ith the Faculty of Engineering Science, In the Department of Material Physics (Busse’ But-
sun Kogakka ). Professor F. F. Fujita is workin g u-in those aspects of solid state physics that seen -i-i lo be directly
re levant to nrmetallurgy . Inn addit hnnm to the usual tools of crystallography (different varieties ot ’ X - ray diffraction - i
techni ques). Prun f ’essor Fuj ita has ad- inpted a new technique , Mossbauer spectroscopy, and he is nm-nw using it
extens ively; The Mdssbauer spectroscopy is em inently suited to investigat ing ferrous alloys beca use the res-
onant absorption of the Fe5 7 isuntope can be utilized using ti-ic readily available cobalt Cm 5 7 ra diation-i source,
The prohle ns ns investi gated by’ t h u s m mt e thund include , but arc not restricted to , quenching and tempering of phaim m
carbon steel , time s m und y of ’ Martensite phase an- id Martensite transforn ’uati m-iru , the magnetic prmspertics of Invar , etc.
Professor Fujnta h as  a rather str ou g persona l stand cm- inccrninnu s the Martensite structure, lie describes it as a six-
layer stack svitl s -alternate ‘ shm mffl im rg ” between the face-centered and body-centered position of the carh nn
ato m , lIe h as  sinowui a recent ehet -trn micnungram si (still unpub lished) that appears to support h is proposed ns m)del
and he expects tim win - i tine accept -au - ice of his ideas concerning the Marte umsite structure at t he funrthscu mnui in ’n g First
J I M .  lntcrnatiunna l Sym posium (JIM IS -I) to be held in Kobe . May 10.12 . sponsored by the Japan Institute
of Metals (Kinio kui Gakkai ) .

¼
Clearly Professor Fujita is active in a large range of topics. lie actively cooperates with ti- ic ultra- h igh

voltage e lectron nnicroscope laboratory (Suita Campus) investigating metalluir~ cal damage tmn specim ens by

~~ high power ehectrunn beam,
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Wit h in  time san mnt - L) ep - artmuue n mt of M,uteni mm l Phys ics, Prof ’essm mr N. Kawai h a s  built up a rat h er unique ultra-
fiui ~b- i pr u ’ssuus e ia ho rmm tom y ’ , ‘lime m nn a.x unn uuu nnm pne ss uuus ’s a t ta immed are d a m n ed t o  he u u t  time sunder of one Mt-guItar I a huuun
inn- it- nnu m ilio mu at m nuumsp huene ). TIme m nme ni mund f i nn cre mi timug suc h h ug h prcss uu r u ’s nn na u ’ he described as follows: Tine pressure
sesse l us loaded thr umu ug iu ss ’v u ’i mu ! slut -his u t  v t - ny rug g t - um msmet n ica l t - ou if igumm ati o mus thu - at serve to pass time limmear com nipres-
suon h~ time ts s u u a n vils inmto .u s m n ua ll ~esse l squeezed by’ isotrop it- con nupr essiu nmu . Time oumer shut - Il is sp imerical min d in is

s plit mnm l o s i \  idcmmtica l ss’en n iu’ nu t s , ami d t i nree ot ther s are pressed h y’ eat - in of mIme two luolders (at- ivils). h- mi t - lu o n e  of
t Ime si x  se g nnm e mnts hi,us anu imumer squmire mice I’ornn ing a h ollow cube, In to th is cube-s h aped Imulloss’ -are ph-at -ed the
c~ t I u t  cuu hic t - o nn sp re ss umr el emmu en un s. separate ul tm - i - inn - i  eac h u the m by’ t I- in shut - em spacers. h i t -  eug ist u’uhu’s ’ m ummer t - imm nu-
ers nnn eet at t h e  v t - n y ct - mi ter  of lIme c~- in - i figuur atm ou m . an-id here is whit - re time Imi gh pressure is muttaineul . ‘I’hue c- imnu -ipues-
son e lem nut - nuts .u me in uaule of lii uugste u c-a ri-i mule or sin- i It-red al u mmmi a. In sonm e cx pe ri m nse n u ts mine eugin t u i - inn  i t - is mit tI me
ct -n ut- n are gmouurmd o f t  sm-i h i ma h s i - icy t tm unm anm umcta imed ra i c m mvuty - Inmmo t h is huo hlum w much - al i t - dr - al spmuce is pt-at -c - il the
mt - st mmmii terum i l. It tuie test inbj et- t is .u sunhid . it is f orms ed iunto the si ape us f aum umcta hm edro nm (just sf igh m tly lang - i’ r t h a n
t int- huol k- iw space ), list- suucce s s u- if ti- ic wh nle nn et lmo m h depemmds critically ins inug hu quality tecbsum mshu u g y used mu - f i n n -is
(s imm ten am - i - il gr in- id) tine c m nnsspre ssum u e len m nenns ,

‘l ine i r uos t  unterest uung research - i results obtai n ed sum tar are ti- ic cum mu chusive msuem i s u ume s rnerst of elu ’ctr i t -mm h nesis-
n u s u t y  an nul Pru m fes s - imr Kmms m ’ m u u ’s d a m n to  l i mu u ’ t- es t ,- ihhish - ied tine rn - it - u- allis’ state bou t - i m i  ss ’at t - r ( 11 2 0) amid iii hny ’dr nge n

hi ~ ) at pressu res un- i tIme nmun sun u’ trou m m a tes s ’ huu urmdr ed KihmiBar t in m in t - MegaBar. 1 m m ii sonnse whi a t d i t l s ’rent s’m m mt se uu r .u -
ni - inn . .i sp lit - cm m nne m\ ~e umf prs’ssu u n-i’ s’esss’l us as uuscd , heaving a sn - i - i - all sin t inn time rst e ni u h i mm ns ph- anne ( perpcnmdicu lar - - t ine

m mr u gu n m m l I- i- i-ad m ix us )  um ’ hnuc b u ailoss eul X - ra y  dif ’f ’rae t i iu ni  st ud ies of tine co m o p ressn unu i- in ph ase cbs mings’ m u  t Ie  cry - st - a l
latt ices.

Also inn tint - h-acuit y of ’ Fnginsu’s’ n uu u g  St - it- rut -c. m i  t ime I)epartnsse nnt um l Ms’ c h ianu u ca l I mu g inn een i m ng . Pnof ’es smm r 1.
Munmismiki du et - is mi lahoranmir y demul iumg with - i fluid n mec hm anucs au-i- il cert miiu u aspects uut  plasnnumi phi y ’ su cs , ‘f luen t - is
gre-at variety of f lnw facilities available: Shmock tubes , vacUU m s tan k wit in plasm -i- ia jet , e lect n icm u l  disc harge tuuhes h - in
plasm - i - i- a expe nu n- i nemits . a lso son m m t- humw.spt-ed flow facilities , w ind tom - in - it - Is an- id water ta u ks. It is Jean thti t t b e
lahu - i rmit um n y us it t ime pnu mce s s of rt- mn ie n t m iti tm nm , just as n muanmy ’ sinssi lar u- i n- it - s both m u  t i e  t ’ nu ited States u ntil in-i h uur uupu’
Tine m ore classical type u- if plasm - is -a exper innien its -are still hem nig con- iti n- iueul. suit- I-i as t int - study’ u - f  rime struu t - r u m rt -  u - i t
s innnck us as - es m u  pm mrt ia i hy ionized gases , hur the n e w  interest is ceu tt- red u- in - i gasdym mm nnnic las t - us.  Ann elect nit - -arc
bseated (U- i  laser amid a shum nck tube druse m u (‘02 gasdy ’ rsar s nic laser mire both studied -iv using fluid msn e chn um n n i cal
as well -as unptncal in m s t ru mn ne nu ta lim nu.

1 mm l u - s  ‘spet-sI f lunw , vmmnn u m uus special s nmh ps ’c ms are Invesnuganed - Unit- exar ruple is s u ur t ex  sisedd i r- ig f ’ mumn s a con-
sf rmt - tnm i g m mnuh ics’ plmnced in-i mm duct ,

Fine hmug hn n un msn /a tim - i n ui ccuurrnn - ig heh unud .u reflected shunck sva ’ue us smi ihn ied in ‘‘c r - i iw - h a m ‘‘ devices sfeve hmnpeu l
by Prmn f ’essu nr Muirmmsak i annd h i s  associat es, r u iw -b ars ’’ mire esse nst iahlv u-cry f ’ast sw itc h es rum sisort out the c - m m-
densers mrs high enm er g y plasnrma des - mt -es , ,ut t Ime e’,act mlsonwnh wise ns -inscillation passes t is ru n uug lm n- ic -ar zero visit -age
hut lu-as tine nnn a xin n nu i nsn co rn en sn (10—50 KA).

Sri Il in t Ime Fm mt - u m l u~, of I’ nginecnin St- men- ice. in-i t i t -  1k part m ns en ut s - it I nn t or nm om m ui nmi I nug iusee n insg headed by
b’ o ut es s or K . Tans a ka. research svu m rk us h em - un ca m ru eu h unuut -inn a large s-mu m u t - my it s i u - im sp u uter  utili a t im nn prum je t - ts.
A nnnon ng them . Ihme mit- inst striking us ti- ic st c re uns c m- ipic mcpr ese n- it at bnm of ’ lIst- hit -art b~ t i- is’ uuse u t  un lt ra s mnuuc ct - l it - i

p.. hom miounr -ap iuy - Thins project was d- irected by’ Prmnfe s s um r I munm uk a urn c m n lh ah um ra m ui mm n wut ln Pr - i - tess - a r  ‘~ ‘ 
- Abe - - i t  t in e

Ss’ h i u i u i l  - i t  ~led ncm ne . an- id toge t her  mt - icy ’  have developed an n u- iperatunn g pru- itotv pe -at a uhu agnum n s muc di’ s s cu ’ , Inn mu
my - put -- al  u’mmni t lgu uratru nn , ultrasumn iu’ pulses u- if 2 ,2S  Mhii mire st -nut om it by a t - u n m n u’av u’ t ra n us duc- i.’r ( ~i) m n nn mn u l ia m nnet u’n
.ini-il 200 nm - in - i - i f t - ic - al lengths ) resuil hirug in mu spatial res olum t n - i mm n ui r ime order i f  -~ u rns (ut - mu I is ” ) m r s t h e  ct - h- i - in prim ’
uii mcnms g target. By unecisannica l sca n ning aund pre l inssi nsary f i l teri n g ( spmm m u . - i l  mm u ’ e n .ig m m u e t m - i  05 ‘. ‘.1) pid tnuns ’ cl t ’ mmsennt
ech o- cardnnmgr a nns is prepared wh ere each - i picture elem serr t us repre s e mmt ed by mu 7 but m nummm sbe r u - mu t hie uu t cnssnly -

— sc um le ( c’ rmu ’, sca le ~. s uua h h y about a tota l if ter m su ch two-il ims sc ns uuni a l pict unit-s ( t u rni mg ranmn I mire prepared. i mn e
tm - in  eat - hi section. Since thue h - ic - art  ms- iovcs during the cardiac c~ cis’. eat - in puctu m ne us Iakcn m at m Isc sam - inc ph ase u m t  t i - ic
card ma l cy c le  by sy-nchroni inng t l c  enss i tm e d uu htra s u mm mic pun lues mu -  t ime e lec ts -  ut - a rd iu m g rm ins s. ‘r Ime large l h m r cs ’-u h m n ncm n ’
snmumna h a rrmu y i- i f  poirnts so (nbtain ed is smored i-in a s ins u’ . an d in us t i un l imer pru iues m u’d by tint - cmmn m m ps u t e t .  I ur st  the
t ocm ntm i uns - i - i t  t i- ic sun hid boundaries us dets ’ r t t n in m e d. essen ui nmi ll y’ by mm d on m t - m un p l u t t in g al uo nithm nn . m ist - n m Ist - resu l t s
t une d us pt a m e l  (or the ui umu cnn- ust mt -ta n- i b v -i i’, n mit - me uu,’ ra l si ispha mn-i- ides
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- (‘umn utour lines displayed in on- it- se c t io mu , ca lled a tt msuo g ran .

2 . (‘tiu ut t - iu m n lirmes displayed in-i um miy anhit nary pha u me se ctuo u m. ‘lime lo c a nu u m n u -amid o m m em itati t un u t  t ime pla nme s it-
s’ u n m u mnm n lled by a ‘‘ toy ’ st ick . ‘ ‘ ‘ l’his ci mnmvu ’ n m ie nce perm imits tht- dm a gmm o s m uc u :umn to ‘‘see ’’ t he pmsm t uc u lat en u -sm

st -ut it - inn - if t int - hit-art ire tt ’ is ins ’s . sum that ins ’ c-an- i billow tIme slmm i ps’s of t hue t-a%’it is’S section by ut-s’t i  - i n mrs
m i uu y O rie m ni mmti sn n n.

S . Stereoscop ic ulisp lmu~ - Fromss time stunned timree-dimssemmsiu in ua l data a pair mi t mm nuage s are ct - in- imputed, mimic t i - i n
nine left  am- i- il u- in- it- for the right eye , so t hiat when - i vit-wing through a stereo viewer , t Ime 1st-art cavities
mire set -mu in 3-I) by time operatmnr dmag mnst mci mm n.

Aun t nti er large u’ t f  t int mnf t he grmmp is directed tuis s ’ m mnd studying n-it-ti- it- isis t m r  the ret- gnutuu -in of prim- led
characters es pecim ul ly the Japammese KATAKANA characters , With - i lIst- adve unt of miut oni mated huus irmess operati- imui s
t he Japanese busiu mess rmmachincs type n-au - i- it-s and addresses m uumsh ly by KATAKANA c h ianact e rs su i m rs Japan thus ’
aut t ummuatic reading of Ibuose is tint- triost urgent need. There are about 50 K A I A KA NA ci m a rmit - ters, Sun time prob’
lem nn is cons parmmhle to th um t msf readinig Ron-i-ian letters. Or-i the intl- icr han d re -a d m msg KANJ I ((‘ isunese c t uan a ct en s ) us
a greater pnunhhem by m m - i nnt - u lma m n am- i umrde n of m agnitude sin- ice tint - re are 1850 of ficially designated 1O\ 0 KAN-
il’s urn use and msnst of ’ them - i- i are considerably mssor e eunmump lex ti - ian - i KATAK .ANA.

Next in the Faculty (nf Science , the Departnnennt u- if Pbsysics was visited. w i-it-re Profess - inn M. l)am s’ create d a
Lahtnratu- iry’ mnf Very h i gh Magnetic Fields. hlere c numtim - iunous (D.C.) nmma gu ietic inelsim - inf the tnrder of i- in- ic Mega-
(;auu ss (or more correctly one MegaOersu ed. huh in air the numumenit-al value us ti ne same for hi -an - i- il B) arc be u mm g
produced by’ umsing a special design . Ordinarn l y’ t ime rnuaxi nruums magnetic tlu’ld us l innsm t cd by the te n sm le stren gth - i - if
the electric cunil as the magnetic “pressune ” (nuore correctly the Maxwell s t r t - s s t en us t mn ) acts u-in t ie  c - imn ufin m ns g
coils. The design principle of Professor Date ’s m u nm ig m nt -t is to crc -ate the h i g hs  field along t h e  axis by superpos mm g
a number of coaxial cy lindrical coils each desi gned separatel y’ t i - n  uts hm mm u iting value u t ti- ic nuagnehic field. When

these coils are all telescoped together the field streumgth on the axis will be supenimpunsed. but eat- Is layer will
carry separate ly its share of the magnetic pressure without exceeding the mechanmical strength u t  the material.
The outern-iost coil is designed for the mechanical limit, which for a beny lhium-cunppen ahlu y’ C(nil is about I-In-i =

.5 Meg-a Oersted , and each subsequent coil is sim ilarly designed. each flmxiting t redy wut i usnum army n- iec hanucmul
contact among then-i. It can be shown theoretically that an N ha y er  confi gurat bm r- i sum cu - i n istruicted results in a
maximum fit-huh strength at the center ,

n
h l m a x  = h o ~ ( I / nm ) ,

The reasoning reminds i-in-ic of ’ the ca lculatim-in for time ns maxirs uu inss vs’ h unci n y attau m nable by nusu lt ms m a gc rocket s , w here
U-ic velocity ahs mn increases wit h out hinsit with time nunmnher of stages hut at mu c uust  u- if hum ld m m- ig urscrt -as mnig ly imsrgcr
and larger structunres relative tm- i  size of t he pay load. (‘ u- ir res po mms hnn- igl~ in- i tIne ms s u ml t i l a y e t  e l ec tr u - i msma gn et t i t -  uusetu l
voluiiit- f-inn t h e  specimen-i becunnu es snnu aller and smaller ump - in um in crea s in g t Ime nsun sheu of lay ens N. Time pnnm - ic npa l
use for suc h-i h i gh nsagnetic fields is electron spin resonsanmce U-SR) nteasumrennents inn tine n su l lnmm cter wavelemm gt lm
regions. Wi nat nsakes these measunrem inents tinuely nnw is time availability of su nh muu i ilnnss c ner sm n uur c t- u . suit- tm mu m t ine
hi,() laser with - i X = 11- i) nruicron on the II(’\ laser with - i A = 337 mnu icro ns ss muvt - !u’ n i um t h i. (‘t nrn e sp umn udn nsg pruig ress 55 . 15

made in the ,msa ilahle detectors. Professor 1)-ate an- id isis ass oemahes rece n tly’ punhiisheml the i r  results on i-SR m n the
(‘uCI2 + 2112 0 crystal (J mnur. Phys. Smic , Jap. 39 p. 989 , 1975).

In addition u - i - i  i-SR . results on a different type of prunhleni uvene reported by Professor Date. In suiperfl uumd
helium. vorticity (noire exact l y the circulations ) is sumpp nsed h- in he a s1uantited vanuable. I)atc h umms shown tim mi t
quantited vun rt ices in I Ichiurn II exhibit a crum ss ’ un s ’ s’ r fro m charged vortex nunn gs t u u  mt - in - is ( lu - un,  Iiiy - Suu c ,  Jap . 39
p. 553 , 1075) .

The Suita (‘ i m y (‘anmipuis was visited next. The Osaka t ’ nn mv c r s ut y Super Highs \‘u- iItage I l ec tn umnu \ lnsrm us ~u- pc
(‘enter us honusesi in a separate hunilding. TI-it- 3 mili itnnm vu lt accelerating vu - i lt age clcc tr m mn s nusm c rost -tm pe e x t e n ds
oven st-vena l floors. i-or a while it had the world’s Imiglmest acce lcrahi u- ig v - i i lm, ug e altis unuighu neceni m ly a nss ucr oscu - ip u ’

T’1~~. - ‘ ‘



was con structed in-i France usinug 3 ,3 MV . The nominal ultimate resolution is 2 Angstrom . a distance com-
i-i-an-aisle to  tine m- it o n mtic uhistances ini crystal lm mn tices. The voltage stab ility- i is better thu - ann l0’~ per n n mmumut e . ‘b lue mc-
ct mr ding mysm e nnn now includes a closed circuit television system - i- i but a special image processing system - i- i is he mm mg
plminned fm - in the nut - ar future. Sit- ice the specims ci is in hard vacuumn , rem ote ly controlled specinsenm hneatn m n e rs t  is
incor porated such as cooling, heating. t iltitmg amid strainin g (loadin g) mnf the specinsen under ohservat kun.

Accm mrdins g to  t ie Ct- inter ’s director , Professor ii. Fujita (not tm - i be couif’uscd w ith-i the prcvi m usly ms enstio nied
I’ . h’ , Fujnta). about 75 u- if the experiments are related tm- i solid state especially to nsctallurgical researc bm , an- id
the otimer 25’ are m m isccllaumeous m ainly biological. Using high accelerating voltage has as a chief advantage a
mrsuc h greater persetrati on than using lower voltages so that relatively thick specin ’nmens can be successfull y oh-
served. The maxi,s umn utilization thiekisess at 3 MV is about 15 times the value for 100 KV , So thu - at hulk spec-
imemms can be observed in all metals. even- i in the h eavy nusetals such as molybdenunm . tungsten , gold and uranium-i- i.
The possibility of usitmg a rather thick specim en may offer son- i- ic special advau tage s ims biology too . It muuay make
possible the use of ’ a living specin-ien that will survive several exposures, in contrast to thie usual very’ h u m s  speci.
mist-os that are dehydrated , carbonized, etc. Nevertheless timis aspect of the use of high accelerating voltage has
ntnt been fully exp loited.

The last Iabm ratory visited was the Instit ute of ’ Laser Engineering under the direction of Professor C’. Ya’
mana ka. Here ti- it- re was a large eff ’ort to devise a contro lled nuclear fusion t-xpe ninusent. The configuration
chmnsen uses a rather strong laser pulse to heat a suriall deuterium bead, Ti-ic laser system - i- i consists of an oscillator
and mu five-stage am plifier delivering a Q-switched pulse of nanosecond duration-i with a total energy of about 50
Joule. Presentl y lw-i- i such-i laser systems are being built ar- id they are focused ousto a small diamsset e r (a fraction tnf
a mimih imn meter) glass bubble containing the high pressure deuterium pellet. Ti-ic reflected and scattered radiation is
analyzed by a spectrometer and the collapse, heating and expansion of the pellet is followed by time resolved
holography.

A seminar entitled Laser Interaction with Plasma was hosted by the Osaka Group. It was held at Mt. Fuji ,
November 7-9 , 1975 , with rather good international participation. The proceedings (186 pages) were published
under the same title with Professor Yamanaka as editor.

In summary only the highlights of the activities of Osaka University were scanned during the brief two-
day visit. The overall impression obtained was that there are active , vigorous and occasionally spectacular efforts
in the applied science area,
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THE KOREAN INSTITUTE OF SCIENCE AND TECHNOLOGY:
OBSERVATIONS AFTER A BRIEF VISIT

J , W , Morris, Jr.

During a recent trip to the Far East in conr ectitnn with ONR-sponsored research I had tIme opportunity
to spetmd a few days as the guest of the Korean Institute of Sc iemsce an-id Technology (KIST) in Semnul , Korea.
Whuile I hardly qualify as an expert on industrial development , 1(1ST certai n ly arpears to be a type ofginvernmnent’
in dustny labmnnatory which can play a significant role in the tech m- iolu-igica l advammce of a developing nature. For
this reas tnmm it seem-i-is worthwhile tin brin g time Institute to the ahtentiom m of ’ this readership.

KI ST u-as f’ounded in the nmid 1960’ s as a join - it venture by the Korean’ and U.S. governments . Its stated
purpose was two-fold: to increase the rate of technology transfe r to Korea amid to provide inummovative technology
for Korean industry through specific research and developnsent. Time Institute was organized , roughly following
t he pattern of the Battelle Meunmorial Institute in the United States , as an indepeumdern t , non-profit agen cy de-
riving its support through specific research contracts from industry and government. Since its foundiumg in 1966 ,
and the opening of its laboratories in 1969 , KIST has grown to an organization with some 850 staff employees
engaged in over 200 active contracts annually. Roughly 70% of its current income is derived from industrial
contracts. The bulk of the remainder comes from the Korean government , again principally’ in the form-i-i of
specific research contracts.

The Institute is situated in the Hongnung Science Park in the eastern section of Seoul on a 65-acre hill-
side site which has the peace and charm of a well-landscaped park within a very’ crowded city. The buildings.
which were completed in 1969, are modern and attractive. They include large central laboratory buildings, a
residential comp lex for senior staff , and attractive guest and conference facilities in outlying buildings. The
offices are nmodern and the laboratories are spacious and functional. The whole impression of the Institute is
that it is a very pleasant place im whit- lu tm- i hive and work .

Tb-it- executive head of tb - it - Institute is its president . Dr. Sang Joon Ha}sn. He reports to a hm-iard i-if trustees
which - i is principally Korean. though at least two Americans are included in-i its current membership. Dr. Il-al-in is
assisted by t hunec tech n ical vice-presideusts and a vice-president finn adnuimuistnatitnn. Tb-ic technical vice-presidents
dirt-ct time three technical subdivisions f’ t ine Institute , Research Group I. w isicbs inmc ludes agriculture . chenuical
engineering. mnnga mn ic chens dstrv. and industrial engineering. Group II, which includes electntmnics and mecimanical
eng ineering, and Group III. whit-h includes metallurgy and metals .rc lated f ields. The Institute also operates a
cotusuih tin g office for fore ign technoIog~’ transfe r. ammd is responsible fo r tine Konca mn Research Institute for Sh ip
and Oct -ann h’ng inseerits g . a separate institute located u-in tise sea cmnast.

The senior staff of K IST cm - insists pnimucipally of individuals wh- in received education to the Ph I), or heyonsd
in tine l.’ ns ited States inn Europe. One m t  time primicipal argunsents for establishing a research institute of this st int

-‘ 
is the c- i- irsseu luer m oppu-irtunity for repatriati n g buighly qualnfIed et- igmnecns w ho lumive been educated abroad , hence
achievumug a direct tec hnok-igy transfer. In this area KIST appears tin Isave beers hsighl y suucc t -ssfu l . The scnmi or sta l t ’
n’nsersn hens wh mmn I m mc m in-i tim e nuse m a lhuu ngy an-id mechamsics areas inuuprcssed ruse as both compe memst -and en m husmas m m t - .
Tire umn mior staff  is principally Koreans trairsed to t i e  R.S. t)n MS.  level (a Pbu.l). crugineerin s g pr-ingram has only
ne cemnt ly bet- mn estab hishned ims K- i- ire -a w ith - i the t’ornisatmo n of the Knnrearu Advanced Institute of Scienuce . KA IS) .  I

had very little direct cm - intact with the ,lunm - i- in s m mm f ’f during my visit. However , the seru mmi n staff w itis wh inmuu I spoke
set -mined gen era lly satisfied wit bm the quality u-if time Kmnrean .trained engineers available to them , t hough tluey felt
that tluere is a defirsite s i um rra ge - i - i l’ trained B.S. eng ineers to meet the simultaneous needs f Korean research and
ind ustry.
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I hue nnuem m i hl u uug mcmi l -amid nncci uam u mca l lmiborau mnnut -s wh ich I visit ed at KIS I st -cn us c d ncas m unu a hl y we ll equipped
for t - c t ic rm d m mm du st num u l support , an d we re m m  actuv s ’ lust- 0~i mi v . un i t -tv u- i t  p ro t ects As m a y  mne an ut iu .’ ipat t - d, u i - us -se n .
mime laimormito rnes did lack u nuanu y of time uti le sump huustica ucd pieces u t  eslui p mn ~~n ut u liis’li ii c um ms i pam aisle ,‘ \Hi ern c arm
lmihoramuu u v us ould regard .ms esst- m i t m al. I i c y  sp t - cnt nc mm hl y lack a gtmod um uiversa l te s tiuu ~i u umic hum nme for fanu g uue amid
f rac t u unc  uoum g iunncss testi n g -amid ant- sh ort u ui misi v minmced nnueta lltngrap iuuc equipn nem uu t i - n  s nuaterual s s’ i nanacne nu tatnu uui
amid i mu~~t u u ~~i.ip h~ - ‘ l int - st - rmnor s taf f  in this .uu t - m u set - mused tu lly- a w a r e  u ut  the ir eq uu p n u ut - n uu needs , h h - i - ius s’ ue r . n n m un j s ’ nn u
.mppmu n.m rums - - in nne chmm u mmmc m i l test umig amid an imd y sus is expemu s mve - mmd Omi t - sa n appreciate lime c- inn - i t li5 unri g cu m in us um nu this ’
hu muimeu l capital bu dget u - i t  a g nu mw mm ug lahu.nn mu m ony m u  mm deve hunpi nmg counm t ry

1m m kee ping wu ni m uts nui s s im imu tint - wu m rk henrug don-it- an KIS I appe mmred to tall in mtuu three t- u ’ns ’ t m ul t - mmt - i i  i - i ’~
Tine h o s t  us new pro d uc t  arid prumce ss s ic ve hu - ipnmmemu r for iumdusu ry. I was shi u’ ,s ii s cs e ia l ex a nn ip les f 1(1ST -d evciu uj sed
pnodumc ts mu u-us mum prod uctn um ms -arid work—ups - m m m d  ust nial princesses w i mic hu art- mumw cut huen ims p u  sine un - i - i i i  - - in iii time
pmh o u plumn i u stage . TIme sec mnmmd class m l  comm u nact immvo lves time idem tif icat it rs am-id so lu mt m - i mmn u - n pnm mb le m m s inn pm -i md uu . t u un i
m r  in-i the quality coustrol of finnus hmed pr - i md umcts. ‘I’ise third is quality’ cont numi itself . w h e n  s’ t h e  specnal nted eq - u t -
n eumt an- id expert ise mit KIST us used m- i.m ce rti ty pr- inductions output. Wim ihe mi nene is a s in -a ll e t t ’umr m m u  hn nmg- tt - r m r s bas i~rest -mint - In , tim e pnimuc upal prod uct umt K 1ST is s lmort—terms deve lopnmenu t u mf a huiui hs ly app lied s i - i l l  - t t i c  ~ - ut In LI
wm nuld pru- ihably- he assigned ts -i unterm - ia i enugineeninug ia buuratm ini e s inn aim A n mi e nic am u c o n mm p an i~ i t  uC.is - i  -i u i j t l t -  sm /u ’
KIS I us hut - n- icc t - I t L’cuu u ’ e ly function minsg mis anu adjunmct engineenimug lab o r- a t m - ny f - i - in  K u u n s ’j n umud u i sm n y

It ms s hn t ’f ’icuult ttn assess time cm mstrnhuim u unmn - i i i  KIST to  Ku- ire -an- i uh s ’vt - hmpn n ue nut i - in - i  tin - i ’ i-i .msis - i - i t .m ‘ muc h s is it II
ever , amu or gm m uuuz atm on o f thins type of ’fers severmi l pouenstia l advm mmi ta g s ’s om t hus ’ c u -unu m n y  s u l i ,  -i set-m n n - i  ht- i c a h i / ’ :
in practice at 1(1ST. First . given t ime e mo nrm - i s - imu s ~u us l u mt  estab h is hims e . u’ujnuup p u muum m ud  s m . m ih un sg mu m . .dm ’ un m u n i t - m i m i c - i
umng lmm h t nn a t um r y, t int - re us arm evident advant mi uue t - i  cemmhna h ii mim i u - i ms , pn i - iv ide - ih  r im - at  th i s ’ c u m u l i _ m I  h a t - im.m T , , n t  . i - i -  u’srah lo!
-am - id mu a i nst am m - i mm good tec fmmu ca l re latm m nn sh mi p w ithu time i n d u s t r i es  it s uippu urn s .  a c li i i ‘ 5  tm ~ -eu . ~ii-i’ i m ’ .
us s ismmr u am-id muarsv m ns - i p o rtamsu inmd uu surn st s are e ithsen u t - n y  snuuall u - n  se n~ s u u w i e  t-s’ n - i n iah i / , i tm u l m i  - i - in  . .- ~~~i - i ’ s .,~i hit i m ’
would appear to be the u muul y econo m ically- feasible st ay ’ him establish - i a mi~ idt - n ii . mns d e ; u c n udc iu t  n- .’ct m nkj l  ..-i ; ’j t ’ m l i t s
Recognizing the econo usic problem-i-i a co urs m ry nnay’ establis h- i a t - uus - i’ u l  loc ust -t  m iii J cet I -i h I T  S f ml -i -

tact -s time problem of interfacing its cerm ural emiginseering with its un n d uu s t r u md uuc ed s l i e  ft. - i c- ’ -  .~ .~~ 41

KIST , in which the central laboratory is supported principally t h unum u mg im n i - i t  1 s t  I I,u~ ~~-i - i ms mi.Lrs - ‘ l i e ’ ’  . inn e. t
so lution to the interface problenu . TI-ic increasing level of unudusr nia l s - im l - i p - i  -i .ut K IS I ~um~~ e’ I’ rha m tin t- ilL’ -

rel ic-al advantage f’ this organization is being achieved in practice.

Sec mmnd , omme of ’ the principal nn et -ds u- if’ a devt- lopin g n - i at im n rs us n - i  id t - nnmu t~ .uoj .id_qnt .q ’p’ - i pm m ani ’ n ‘ i t - i t
nm duustrnal techni ques. A central tmat iomim i l engnuie e numug lab m una m m nv us ut-lI s - o t t - m t  t - i u n  m fums u i i ~ t i - i n n  sunu ~s- it t m.o
ca pability for numauntainnng am-id nmobilii.mnug time imeeded imu m cr d isc i p l unmm ry mal s ’ m nn us t m ~ hi w u - iuld bm’ -i - umei u dim
cult tm - i t - sta hlishm in-i sr— maIler labs scattered thur o ungh a var iety - of mnuduus m n ut - s . K ISI luau rs ’~ s’ n u m l s  c ’ mah tn sf mcd a I ‘ n eu~ i- i
Teclsrsohogy Tranmsf ’en Coumsulting Center I mu coordin ate these . - ic i - i s  it i t -s

Thmnrd , while i t  us neither practical tm-i-in msecessa nih y desirable i u u i  the .ent ra l  lah u m nmmtu u n y  ot .u leu el - im pn n imi
coum ns nry tun be comp letely f’ree f ’nonnm govennsnnt - mmt co nmtntd , m m us cs’ n t in i ly desirable t in - a t  n i us ’ .l I- i . u l a t u u i y  he ms ’ .us- i I i
-ably well nnssuha m ed from-i- i meddling by pett y bureaucrats , a cm mssp b inut l imit - - i t  nt - ni bit - _ i ns f ’ n o n m m  s t - it - nut sm ’ . us no us - i k
un- i rise developing cu untrmes. Ti-ic ilattelle m odel used at 1(1ST gives t ime lah uu m i t - i -u  y c uu nu s ud enabls ’ ec - i - inu i - immmuc inn-
depenndence , w iu nch m shu imuld prmnvnde s- i- ins - ic buffer againmst uinmwanna m nts’d n n nt c r te iu ’n m ce. It us dmft ’n c uu lm K- i  s.u’. imu iss us eli
this tbuemnre luca l mnd epensdenct - wusrks un - i pnac tnce . sir-ice cn ut n cnsnsm tn t ’ t i-ic uz umvenm m n nc nut us m u m  s’ nsc um n nj . imi e d inn K - i r t - . u  I
did. huouveven . ge m time impression timat the seru ion staf f ’ at 1(1ST felt l i t - a t  t lneir unutc i mu ~ t i - i  - in s t-ntis mine gu u su ’ i l i t nnt - num

-
— was , m u  t h e  hmnlanuce , construct ive.

h’u urt ls . a deve lm pmng country like hx m m rca ms s us u slept - mud i nemuv ih y or-i to nc i g ms unuversitme s tm - i n  t ime ,n~h u .omcej
trm mmn uutug uI its citizens. It the n- i f’aces t he problenun if  persuading a reasoum mi ble t ’ractimmns u - i t  the se ini gh u ly t rain - it - ui mn-

• dn v uul nm al s tum retu rns am d cu - im nt nuh ui te to its mn ndu i st n ma l devt- lopnu-ient. Its r e cnun tm snemn m ef tumrt  us luanu- ipu’red boOm by’ time
l i d  t i nmu n m m ~,oimio m m ifen t Ime lut imiu i salaries -am - id modern facilities available in iese , unt - hi  l , ihuui .u m -i u iue s ur n t im e nuuone dv’.
ve lm- i iued ~i u u u n u t r n s ’s minsd by ui-ic nc a i n my- thuat it is dif ’ficnu lt to persuu a .ic tn miin ue mt u m nm h uv nml nua l s w um rk inn g at time t u u t s ’ t nm um mt
ot t ht - mr u i - i u l e s s i o nns ii retuirn hu T mm ike u - inn inmg hl y applied prtnh lenn ms u - i n i n ud u ist m ua l pr u- ice ss es ushiels a - ic ot ’t en n hc hun nul
mist - s t , u le - - i i t ’ t i u c ’ a r t  inn mIst - advan ct-d n n ud u m sm rna l i ia tu uu n is .  A ccn ntra h i ie ml f ac i l i t y  luke 1(151 u u t t s ’i nnig p r- inf - i’ s s u uu n u. u l
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stmm t in me, g u m  ut I .mt -ubm t ies , a var iety - im f iuite ue sti umg pr-i- ihlem us, m md attractive hi v m n g -amid worki n g comidit mu - ir is mn must
ct - n ua ut ul y hut - h p m u the rccnuit mu e nm t e f f o r t  - ‘l’hme quiauit ’icutioums of ’ the senior staff mit 1(1ST siugges u tin - at ne cr uitnmu t - m nt
immi s mm o t huc eru mm st-nuous pro hht - msn.

s’ i he hi - - m u  evusle mit equl pment n et-mIs time l nnm uc np-al prmnhlemn I pt-ret- ived si uuru n- i g n -i i y- h un t - f  visit t m K I SI us mus
p- iuss u lnl’, t- ucc~s ive em phasis Oii s hor t - tennnn prt uj ects . A nmun nmh e n of tIme pru - ijec ms us- h ut - l i usco.’ dcser ubed to ins’

se t- unit -i to be ot the trouhlt--simootunig m r  mm - i uu t uuc shulahty c tm mm t r tnl sort w h ich m m  time tJmmi tm i d States would be
huann sll s ’d mm m i .i s imm v ’ t u-i ’dmi y basis by the stmi f t u- if time af f ’ected plant.~ Ref ’ern imn g pnm- i hlc nmu s - if t h is sort to a s t - rut n-al
labu un mi t o n  i mi t u mm l y places t ise m mr - i the lmaumds u-if cnn g inmeers who arc less f ’am iihimi r wi thu slay ‘tin- day plan t m l)t- ra-
tm u - i mm s . hunt u uuu su immevmta hl y mum vo lves delay’ s in-i cm iu - itract negotiation amid nssa teri mul -an- id sanmsp le tra n sportation wimi ch u
u e m m m n s i  time s u u l i m i u u u u u  to time prmmhleun . l’isere is , mit time sam - i- ic ti m e, a clear damuger tim - at a cemstra l research -i sta hl will
bt - c uun m me ut-clinically stable if tm o mouch u f  its tinsme is spent iii routine work. Inn looking to the future m f  a lab-
- i - I  . u i uu i \  s vi uu c hu set-mi- is t tm h ave mumad e a fin- it- begin n ing one would hmnpe thie deve lunpns ermt u-if Km - ire - arm in mdustn y ut-ill
unuc l und e time buiu ld- up of good in—l ouse laboratories for the solution of routi n e pru- iblen rus , allowing the Institute
tv place imm ure enuphasis -i- inn systematic approaches to critical long-range immdust ri-al mieeds.
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TRENDS I N J Ai’ANESE H IG HER ED U CA T I ~N

Morton A. Bertin

I’ iuis Fu _ u Fut - u u sm u s s u uii uuu l m mn t - s i h~ mu ser ies u l  critical -articles nc l. uu uuug n - i - i  hu m g h u u . ’ t - ducm m tmuu nu inm Jmi pa nm sub - u t - h  it--

c~’ on ls mu h u p - i’ .mieu h ini t Ine liuky u i  pit-si- i . 1 his su h 1ec t uul im ipm m n- iu.’se s’ du u t - . i t i uu tu  ca u m be b . g iil y con u ui us ’ us i , m I. I’hms ’re b um u se
ht-enn s eu i , u uus  c - i u u i t c m m n u u i n u s , hd- i usv s s nr u u ck. u.’S s ’i i  nnuu m rs lers - arm - il su mn cnd cs ’e s u I t i n g frs - imm m d m 1 s i t - n i t - e s  m u t  u- i pi runm ni . 1 he
t ’,mcn t hu m mn t iut - Jmupm m n us ’ sc m mmk t - rhut - m~up ic .ss’ u m o i msb y  shiu muilsi muon ht- omup ru su ni g . I hmu u ig h u l i L y  s u s i e  lane snanuens . t h eir

uus ’ i - ,uII p r uu c ie ss inn t ime past  Isnm n u s l u ed u - i n  s um y e m u n s  b im u s bcen u tied l u i w l y  to t- duu~a ui u mnm a i a ut nus . amid uu 5e  u t - u s a ,  l b - i c
n nc nu s hs nu t - d u mc . ut i u - in i  mi t -  t - , i s uiu i , m bt ly d u n s i s i t - O t  uS iii nin e cs’ n is ’ i .ml f - i i . ueui i . i i is  uit - ss u - i l  t lut - leaden - s u - i n uuuu ’ t - nnu u ns c mo m m m d
it u d u ms m m y us use ll us uh ut - namuk -ansi tile. lii i’ .  du- it - iu i - i - i t  nut - arm t h at t h ey inm mve , u l u s. m y s mnmt mv c d mn c ,ms i t - i si -i - i Oi I y  or
icmi du ly . S i ia u p l~ sl i m it nna u n c c u t - n u t s  tIme uu nu u t Icm m tuu um i  m - if i.ip.un. tIne uups ’ ni unug um t l.upmi ni tin t Ime w u ut ld .  t i e  i t- teat u i

l ’>4~ .ini sum _ lu . h i .~ i i i i t i t - , u i t - I t- h.ungs’ . c mmus t- i l i t  m u m n— n t - u I - i Ou sh. u i p I~ - - a ln u- imst h~ dt -c i t - s’ As we shsa ll ses - . thi ns

is nm - i  us ht.ui usc mire s u i m mie s sumu g tu um h. i y - I b u t - u t -  .up ps ’.m is . u n s t c . m l .  I - i - h- i - i’ m um pnuuecss an m n n e x i m a h s l c  s l O th. m ui r so uuuuic iu - i - i l

u ,u h i u t - s .us -i I .u ppm’ uu muc i m.  I lie p nmuhhe m nns ,u ne t - u u i t u p le\ .uiu h t hue shi sscn t is I.m i  - i a i i c unu g .  M,m n u y mm g ue s ’ uh uat s um n i u t - t huu nu g is
I,u,,’ k u- i u g ,  Lilt- in sh i u u t l nu t - mI s’s! g- i u ,ils S uisue g u t  sm I _ m u .us m u ’  ,~u Il tins ’ s y s us ’ni i uu is . u um nm d, i~~- i s s i h - i Iu it is 

~~~ 
of t ime

s nmut u r .m muu uu u ‘ n m - c t - s s .  fu - in t ile nnsnder nu t - h i i c , u i m m - ina l  s in  i m c n n m i c  m u  .Ia p . mu h a d  mm u t - n y  s h i - i - i i t  c hm u l d h n m mm m d amid .idu’Is ’ s t - euict - .
Ii cit - us ump t . i ’ . l  .m nud us num uw I u y  u t -  tuu catc h imp. In .m pj - i t - .os  arm :niuc at uu u ni - i t  h msa l t h n  n a n hn s ’i ibm - aim us t - . i k i i s ’ ss

, , - i ; i i t -  uut -t - ks .ic-i ‘‘.,‘ j h nit - ss sp.ips ’Fs t t ’ mm ium nem _l r im- . l’in hu i i g s  ui i h s ’ ( u - i , i i i t i i t l i ’t- m m Ss is ’ l i t - t -  arid Is ’5’ h m i u - i - i h - i - i c y  u i t

t int - ( ) ie .n i i , mut iuu nu tm — n I _‘ u u tm uu i uu i c  ( ‘ o u - i pu_’ n .u t iu m nu mini - it h t ’ s s ’ I . b I l _ - i [ i  -i I lii . , m  ns n uuhn i —n u a iu u ln l :m i  gnuuuip u’ s m mm b l i s hut - mt m m
h m) t I rum - i i - i m nnmut t -  t - s’ u ’ n uu m n usi c.  s - i s. i,il, t - n iv in ’m mni tnu e mmtmi l. mmm i i c h i u 5 . u t i - i  - i n. u I pm- i Iucnc s m i __ n i ’ mms e nmn be n n m a t m u u i u s .  Time s’ u u l n ’

nu n u i t s ’t- u unus ts ’i i- i uk ,u s ludi’ - -l i b i s ’ s is.’ u,m b s, ’um.’n,’s’ s’ihuu s ’a mi u -n m mb s~ sit - iui s in Jm ipmm un . mi- i- id c- un it - h u t-si thuat ~i - i - i t  u - i i u l y  - au - i’
s uci,il s .j i m ’ ns ’ t - s  iii up _ mum I.- i~ k unu g  i ft ’uii , m l uu \  - I umu tine t - ns’ ,ui iui _ u~o u u t y  if t h e  nt-scans - lu u ’ Japun s us ‘ tcs ~ t s ’s u. m m i c h i

k- s s h i i t - !i uses h igh -il - ’ .’- u u .  .m h s t i m u t - l  iuhcas , ’’ The report. s i mb nu s u thed hm~ tIne M umunstr y of ’ i du c at nuum u . mu in ui- ic umat u re of mu
st- ut - s u- if ec u u uu n i n ie t u dmit ionu s f ’runnn sun-ca lled disnm ucnes ucd tis mnd pa ntu t - s an- id in-as cns ’ am ed u h u nume mm I urinn, Inn s’ ss t - i i t - s’ , it

t - l n , ui Cs ’ s th a t  I I tint - \ l u n i m s n n y  in!’ h’ u hu ic au iun n u iu m m s enmsp lnasii.ed eni g uneerut i g  amid ph is’ sum - a b ss’ us ’ r ut - s’s min d s’ u 5 b u u - i ls - h  sup.
‘ i t  I - i  t h i s  sos ’ i ,ml s t - i t - n i ce ’,, ( 2 1  t h ere us In nIt- cnu’at ive m nms un uuct uom n. tem ic lsens sunnup lv nt - l y in g  i- inn t h e  p . i l i u m  ur i c  uut

l uu rs ’ig nu ne ’ .m h - i - i - i - i k s, 3 i s m iu u l t - i u i  .‘ ou n u ss ’ h un i im amid tn mi inmin ug m u  mu n _ m l y- i ucm m l a l upn mum cf mes t u u  sm - is’ t mm l prm hicnni s are 1_ mu k un ug
miii h i - i  si’ St mum se ek s u ch I-i .u sut - s  arc fo rct-sh imi t rav e l u- ivt - nse as Ion ura imd nug: (4) most resem m ncin is buighl~ ahs mrat - i  -am - i - il

h u s k ’ .  - i - i u -,’ u i ia l m t ’ . - Rem- u um u nn s seum i mmt i m u ni s unnc hu m ult - d t i me estm - i h l n si s ut mt - n u t u - i l  a detailed stud y by expert  s uu c iu - iho~~sts . psy -

i - i I - i - i -~u s is  mmmii! oul nens: tint - formssa n um - im m ol a c i u nupu t - b i c i i s i v t -  nest -- ant -hi s y s t e i u i  by time Japa n St - ut- nice t - i - i uu , i I  - t he m u -
.‘ b i u s i - i - i m u  u f  ‘- i - i ’s u I  sm’is ’ i m t u s l s  mum t Int -  is nm t u us nn m cs anm ul mu gt - m ic ms’ sm mi n i t ine creatmusn m u - i l  rcg nm mn ua l s uu c nm il sc us ’ n icc ic ’s ’. ,us ’ hi mi ’
‘ii I i i  s ’ s u .m’ ,~i uu ‘ .m minim tied .u - u t - h i  -

lii ’ i’ p uurm us mnen n hnc r i t - n _ _ u i  k ,mb le mu mn s u u ip i  s lut- , In us wh mi t i n m mn i \ -  s iu c imul su’ n c u u t m s t s  ism ivs’ bet-n-i s _ m y m m m c

:‘
~ 

y s ’ mo s. ~~h i . i t  5 uI special i i i i e m e s t  us t i e  t h i r t y  u- if ’ c uu nnu panmu i u n m articles mmd i t - p - i n n s  triggered by’ this ’ micss s p. - i b uu ’i
-: . its ’ni. I is .u phm s ’n s u i t m n t - n n u m n u  c - i u mn u t mm - i u n u  un , t .u p. uni .  ut- hit - nc 5- ru t uc us ns i  us tak en s t - l i u u u m s l y  . n uuut u u n u l y  b~ t I ~~- is c unu - i b ued ,

• 0 huut us u m n u b n s n b i , u h s  .ini- il c i u uu i p s  - u k  m c m t n - i n t e l y  c uu ns ’ e u n i t - , l I n  nsm ’ m .u t- ,iss’ . m is ,tu ~utny I ) uunmmmut c used mu — s _ m y .  i - i t ’ ’ t- u-cry .

u — nit -  m y  mn _ c  t i  ct - n n u n - i ’  t i re mit - i . ’’ bu ut n i u - i u s’ .u ps’ ns uu ni a l m i m m t u u u - i i  - i t  u n s’ ui lu ’ ei nu e nn t .  hum .muu ~ s’ uu ,’ u i t . us i nh un i  a ls ’\s s I_m y ’ s i i
I’ t hus ’ nn i i t nm i l i t- l ’ - i u i , n b - i s- i s ’ su ms m m spm mt e ui s’ - i h n t - i u n n , u l s  mm md nehmm ls ’ i  m i u t i s h u s  .‘\ gr- imup u t  p u s _ u -i: u u n u i s t - i s i t \  pi un es ’ . - i u t s

• ‘ uss os ’u l mm sn mi t cmsn c ns t  t i mmut  misc p i m s . m t t -  s c b i u u u b s  mum .’ ni i t - r u u u  t - i  On- i’ s l i ts ’ iu iuu u u ’ n s u i is ’s mm m i i i thu - a t  t i n- i’ cup  us w u s ls’mn n m mg. Inn
p. uu - nu t - u u l m m n t in - i’ re pu i rt s hi , u n g s ’ l uleti s ’ i e u icu c s  in - i Iu n n u dm m s g amid edu m c m u t u uunma l  s n ,u n u l , m i ihs  line stm - iulem n t i - i  ii ’ .i~ hs’ m n - a l u m - i  is
s ,mtm j t m u  his ’ ~‘~ , i- - i - in tum o r  tun ics  t ime rail -i - i l t ime s t i l t -  ss’b i - i - i u l ’ , . m m n u m l  i i u - i s t - i t  tine l nrnnmen e ly u - inn p mi rmtnts - i c  m u s l i i - i 5  u I ’ ,.

lii ’ - i —  In i ; nus ’ n mm l i s _ i s — u s .

I lie S, mu k e m S h i l i t u hum n u . .m h . u j i u u i c s s ’ I . u t i t - u m . cs ’ P ,m h u m ’i - 1 uu - i ne - ih  tIme Oh t Ii ‘ b - i - u i  i hn , mt  ‘‘ miser s ’ .ini’ s - i s  lt - u~ Japa n ’
s’ ss ’ ss h o - i l _ m i s  u - i t  I b is ’ s i - i t - j ul sm. i t - nces us ’ m t h u  u i  i c uni . - i l u m y amid u n uten n mm m nu mn umm l r cp n i tmmtn - i - i m u .’’ In l u m r t inc t .- ius m’t t t - ii Thu mi t sm- it- i-al
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st- m t - mi m i’ s t i mu l us’s h u m u s ’ imm r u ’ ly i u i b m s ’ u u s s s i  - u s - i u i i i i - i ’ n mu l O u b u s S  . hsumu maui ’ b -c t - mu uss ’ - i l by ‘nit - . ini  a t - i  as 5’ ‘ . ‘ s  i i - . ci t-S
u c - i j ill u e m !  \ r  :lut - iu i . m l  in - i the \ t , u i i u i s l i u  lL uu h y \ t -uu s s l m a i ,ic l t h ua t  s s h m u m - i u l s  a n - i’ ai a ii i s i . m l s t .m miu.’ usl ic i t - a s i - i u u , u , tIm e

b , 1 u 5 . m l s ’ puc p a imm tu mn \  u u i s t m n i m t c s , -am - c t h i u i u u i j c  l i l t -  ‘._mo it- n mt - u u ’u p, m Iu s ’u . u i u u i u imt - c d t h a t  ilL \ i , i u s n y  of I m I ls. i~~’ - i u i  h a s
st _ u n  ted humi hi h umu g mull pniv a te ’ nmu m - i un i o n m n m i m m u u t ’ - s I uu i  s iu i hs ’ im i s  ot i l us ’ n m a u u i u m i . m l  i i ’ i S s ’ i s m t i s ’ s ,  ho i us , -  .m - i b I . u ss ’ i u t  s - i - i  I i u u u i n i s ,

t h e  I i ’ , Iu ’ i t - 5  i~’ isnr n t - u l  t h um u n mliii \ . - i m , - ~~~ 1 iuuu t - i s m m ucs  \~~s - i - i  i l l - i - l i  l , i u - i s  .m c - i - u m u u i  - m m  e i u i u . u i ss ’ c \ , u i i u i u i . u t i - i - i u  -i i

,mll s l u t -  , u u i i s e u ’ .u iy  m u p p l u c a u u i s , am mi u h i c  . i m h l m u m u m u u i :  b ut - a dl m mie said uhau I i c s h u u u - ~-u l i _ m i t  s i , , too bu. m u ,i, b u i ut these u i ,

nut sc b . i m - i I  I n t - s i unum e mu.  hum am ber i h u - i ss’ uu l u - i - i  .is’: h-i’ ll s s h  I arms! an t -  s’ \ j e u i e u  i u i t -  t h m s ’ h i  Inst  \ e, m u . 1  s’ n u p l m m ~ n mis ’ u i m

. m t t u ’t u i .i l i .u t i mu n u . l b u ’  l ).uul~ 
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I nn u ucm l Siams ’s )  us ni u prui blcmsu. Ins mm surm unuge way this h a s  led tt n a ummnq ue d e rs - iun crat ut a tmu - nu ‘5lu’ n u n us t int -  key- t u - i  ad-
uu u s s iuumu  t n  t i c  s y s i t - u i r , aund a dest i tute smumde n nt wh im passes tine nua mm ir mma l um nmi versuty ex am nn mna tum umm t - anm miss ’ Ian a bmuS’e

b~ s m m f ’f lm m cmmn h-it -en s ul mu m I- ai ls ,  h int - ic is si - i nnse evidem sc e tin - at t i mus sit- it-s nit - it hmnld in- i ti- ic si-m is’ ss .m s l u - n  I i i - i ss’ en ter i n g
n a nm s private nimesl it - unI mmm ii i d cn nm m ul ss’ h uu uu i l s , w incre appanemutl y lange dumu mmu t immn us arc re qumrcd helm- ins’ a sm , .s i c mmt us m l!
he s u - i i i ’ , u u l t - t s’ il b - i u n  mn uhuin s s u u n i .

I -i - i - i ik uu i u. ’ at the ‘ .t .m I si mu p i t - s t - ut- il earlier , it is app’arems t tin - at tint- re us a s isanp m mn - i ha lan u c ,_ u hs’ t us ct - mu m lit- sui-

t-aIled hard st - m er i t - s  gim omhu mates amid those inn tint- fields um b sm~s-naI s t - mt - nu t - s arid hu u nnmm mu ummc s Mis l , u ’  ‘ \ ,, .- . - i u l - i c sm ’t u u

‘5him n nsn s ’ n - i - i l i ’ s i ium ,’ m m t m - i  m m , ‘ , I t s’S ss ’ ’ -i tint - n-iced for ntmore scm cnu m n srs  ar - id s’nugum iu’ers . .\ pi- issihbc exp l m unm _ m n ‘ ‘ u ,  t m nr i b i s ’ ins-i-
bmm l mmm mt - e us eu’ u u , m - i u n u u u c .  \~ s’ ses’ t ime Iy’pe mi t  preferred degree fl uctu natc un tIne t ‘ min ts - m t Si , m t s ’s .uu t l i s~ l u - i l - i  mtt a r k em

uauu t - s , 1mm Jmupmmmm uunu en m np Imu ynnue nut us n- i - i - it mm serious pr- imhl enss. A l nnsumsm es ’ e r y i - im m c u slm u - gnadua ns’u wi ll tumid _m 1mm1 ) m id lu - n

us hi.i t eu,. ’ u ns’mm s u - r u , nnsm ,st s t u de n ts u- i l- it funr ti - ic ‘‘ s m I l e r ’’ career , puissub lu t he less n u g u - i m u m u m s  cumnrmi ’ui h m mm s - i
PA.

II ss.u s stmmt c s l s O  his - i n t hu mm m mi nu s us mu I- it - ri - i— si ml ci namn gc amnm l I wunilul like tu s’u. , mn n unmm ’ u- i - i nn- i - i ’ ut rIms ’ I _ ms us  us hit-li
inn - a s h is -i: lcd t m - i  t Ins ’ I’m m s t  s i u _ uiu s u - I  .m m nm ovcn ne m n m mu ss - mi s mu - inns t ime s’s rahh m s hse ml pattenmu. I Iu ~’ Im n - i pcn n .m I I. nur s e - su ns
Oru h m n m umm _ u e u - i l  I .‘s 5’- i ( - i uts ’u,’ nes ’i 11 mm - it ‘‘I Itc pumr p mmse u - if thc nnn p e nm _ u I u mnnvers m t y si mull he rum pr - i— visi t -  mnus t t n u 5 t o - n i  mm thut-

. mr t s  am uu h ss’ u e nnc e s , m u m i r u m  e n nu h umnrc m n u tm m tine nu iy ’ s te n ms ’s u f  lean ui unm g ins acct - ir - ilancc swu t in t Ine nmceu ls u - i l  t h u e s t . t s ’ , ” I b u m s
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sf atemnueumt - i i  .u Inmusic nt - must - inn Rmr s’’- i.isl s’u mt -s - uvmm s m m umt s’ m - i n i t - u u i  ut - u t un - i m y all. mu m us mu m - i u~l,us - Ib is ’ h - i - i u u u i ls ’ u u f  k c i - i - i  t mum
ss ’ rsm m u f t - It r lu m um the unmn s lhcc t mm a l s  tu rr m us’sl mini elite a im - il s iu tmumid he m ib - i - s i ’ this ’ iay -i - s h. m ’ -i pn - i  hIs ’ u u i s  so n us ’ s’ m u l u . u t m u i _ u
m u us ms ’mud u u m m  h unt- s’sm i ms ’ui m, ’ I lanm cs , i’n uva m c um u ums ’ s’ u s u t m s ’ s n uu umk time It- ad in- i s u u u u u n i t -  tm - i n  as’ais’ u n u n s  I r s ’ s- u I- i -nm- i  aunt rim s -
miri~n~nu m m g u t  g uust - tn u unucummm n h cunn trun ls . amid t ime Wase imi rum - i ts  of I ~

) I7 us-crc pe nluaps a lmins’ mu nm rms ’ t  - I t h inn i c s  i - i  s - u r i s ’
I I us ’se sinsi m u m - i t u e l u r s ’ scn m t a s u m i u n u g  umuifis’uI nmu o ve nni e n mu . em u lmer vu t lc  l u m m u a u s ’ u n  mua t u munna l  schm - iu~ls , ui - u u se rs’ u bu s ’
l ,us ’imli u s’s uu  st uus hemuts mi t  tInt - nm nmmn e ,s ’ tu s ’ ms i  st- hum mls uinum us ii un guma l on pi h ulu i s uu p h i 5 -

I h ut - n e is mu -  mh mim ht thu - at tine v im m lcu t , tres 1ue nu u l y bloosl y’, surge mu ! summ i t - rut up bm s’asmu h umu rims late nit ’5 anmi s _ m u Is
‘ h b s  s s , s  ln mggs - i s’i m y s innui lm i r m m iim vm i nmne n uts ins intl - it-n co um n ifn ues , bu t mIme uur n unou l in Japanu is-ad simm - inst umi i ,1 - i l s’ s’hma n as

t s ’ u i s t i s ’ ’-i . in lmmst ed b u u m u u _ u e m  am- i- i l t i nm mk unm u time amnnmt - i s i uh m mt n e u t  sm mm se th m m rmg mt - s s’ m u u hhm mm g g n u m im l -  s i l t  d-i.’ s t i  , u , - u - f l ,  I hi.m s u
s ms i t s ’d I , m h i u m i m i t u u n m s ’s us buene snnnmp lc hui - i nmme .tnnm idc e m.iunp mn t - mmu s ws ’ re spared , bunt cu t - us  uhum u i mu  - i - I  s ,m h umc usa’ , it -s t r m - i y  ed,
Inn so mnut - t - ,ms s’ s il - it - s e users ’ s m mmas imcd beyond si mnnp lc des m rum e uiunnm , as m i ummug in mime numate n ual nt - p Et - st - mitt - u! a i mmu n e - i l  l ls’ s i

,m c , uu mm st i shmi ch i time slums lem ts vt-nmtcd th cmr spleemu. l)ms cu i s sm umn us n imbi muuttn e rmmus mm cadem um nt - m a nus luau’ s’ res uu ltem! un b ,c ’
usm h u hs ’ n u i i c  u m u n e m ’ pre n a mmm ois .  Perh aps th u s t i urr r m unf ’ st- lf ’— s he strumc num n us-mm ’. ‘a ems u -it iu i ma cs ’ at this ss- s’ uui m lig u iss ’Is ’ ss u i - i ’ ss u t

mm ‘all. I’ m r  s t uu s !c nm is uvlmm nse goal sm ut - s earliest y c m i u s  us - us adnmm uss ismnm to so n- i- ic pnm/ cd u m ss t in uu uu mumu , wh menen n u n n ucnnm be n-
sh ip alu m ume uu mms the key t im ii su ccessful tutuur c,  m i m m  nemi hut s u t  t ime Im nnm i tcd cans pus su i tr ruul mitnuu n u h ail - i -  he s h i , m u u i ’ i u u .’
Summunc It-el uinu t timi n gs mine hack to m n mrnm m a l , auud as t h ey users ’ be l mums ’ , 1mm it appears t h mmu t bm msm t - amid u nmmpm - imm anm n

t- bum m mu g t - s h - imu us’ u nmdccd tmuk t- r s place.

-\5 tu ua hl y - lime se t -sh - iu of~ cha n ge hi-ad unudou h ies lly- been sumu sni  h u m  sin ce . - arm - i! whit -tImer thu t - stum u l e u n t rim - m s
hi - aster - i t -- i l  time pnmmccss is mioot. It simou ld alsum be recogiuiicd that time t - i uanm gc , mius miu g h u substanu tual. us l am t r ill s u~ s’ s’~

-i-

m nm g .-\ k u- i . ml uc rc is a wndc diversity u- if mmp u nmu n ons mime relative bcu - icl’m t s t im  he dcrnv ed I’m ummnm aluer ur u- ig h is ’ sy s t e l i u
ln m u enes n m n m g ls en m i muig im , t ime youn g ‘I’ur ks are not mu l s s’ mm y u uiun ig amm O smnm s me u u l this ’ semm i imr Pi tt - su m ’ . so s ’ I mmuik mn i g  us urhn
t ’mivm r ‘at time puussm bi l uuy of a break with suu m s ms ’ of time Ira dim ion s ,~ \c rack has he gum nu to -a ppear  iii mIme m nad um mum n i al
pmmttenmm u f  time cl - i- ann sys t e ms- i in certain - i universities. fl nenc are mn mdmca n uuumms ti au as mliii old mmmc pr mh e ssu m s ru use
umu m , u hc inm c u i nmsb en uus will bring w ith- i th e m- i - i a less eumspin t - um rmc n itcd s lnu s ’ i u u m s ’ ,

I b u t - u s ’ luau I- it - cm - i mm defims ute ‘‘breaking mmus- ’ay’’’ u- irs time part m m! c rm uiuats u sI um ien uts tow n mime n- i - at nuns- cism u nmn uc l u I
res t - ar t - l u , mIme m n m u s l un u umnsa l  f ’oll t nw -m nn—fbue - t ’oots ueps svn - i l r uum ire , am-id im psy s- Im - i ibu u i _ us th u s set- nit - i to he hm a ppe n rntm g us’i t im
t i e  b h s ’ss ru mg -i 1 t ime meat - h ut - n, I lnave w uunmessed am-i urn ie re s l u r m u. ’  pbne m mu mnne mw nns -i us h ueremnu prumtes su rs w uubm Imimug c - ar t - e r ’ ,
in- i penccp t uua l us ’ sc m i n cb m timid m ucus’ mm md cbumilleng mnmg st i m m muu l mmt i i - ium in time dbuersu l ~ u- it ’ n lmeir s tunden - i ts ’ prumgrat r ms. 1 hui uug hi
still time e\ c u. ’pu imm nm, m u appears to he inscreasirmg. Lm iu il sh umite recenst l y nnumst i - i l  ulse nt-st -ant - is mut gnaduamc st um denuts
wh it-u I uu bserue s l  usmus largel y unii i tatu vc , buu tisis tu u uu  set - r ims lo he s l uu us l s  s’ h i : uui c uu u i_ u . In- i nt - ct - t in years  omse st -s’ s mimi c
u m n mgmn u .u l s s u mrk . p’a ru it - uul - a nly in ti - ic t - nn is’ru. ’uui g lit-Isis of ’ psy c l t u m h uu g y ’ , 0mm Ihuis suhju _ u e n . ti - it - re us mm 5 mm - mis t  - a r m - i l  n uo m n mm u’abiu.-i

e x pmu m msmi - i nr  m u  tine scumpe ml u b i ~’ f i t - isi s m t  ps ye luumhm - i c y  in- i nt -most umb t ime um nmmvcnsi i uc s ,

I h u e  n nmus l u ru - i ’ nmmu l  crn u p hi mytmm c mm l p uu tt c rnm us lu - in lInt- uum li u’e rsi lue s tm - i l i- ire tl c in u _ us m u gras!u u m mt es a m d  l- i i r  m hr c tmu  l u - i

m e r m u a m m u  mm t ime samnu t - s e h u u u u m l  h u m  mm i tnmim sn their e n m um re t s ’ mms ’ h i i m i g c a r t - e n . am lst -as m un t i l  re m ir c tm emn u .  R.um t - Iy  - i i i thu e - m ust .
u su - iu m hil m m pu u ~Is’s ’ . uu u u u r o ve mu - i  mm rs m n l hc n umu u uu ’ e r s mn y  - ‘ 5 s ’ u - i um u i u t  m m m smnu u s ’ t m nr  us - mm ’ . t-s ’.s’i lt i~ , iy  i— m ed fm - in l i lt- . u u , - iu ’u ru c imp mi s
hums s u m m i t - r u m m mtmmv eui imp mind omit,  ‘l inus us ,u mus t - n  u - i t  t Ime ch maur  s \ s t t - n r m , mini - i l a d m u u u m m u s m m m u u u u ’ e l u  bias s u m m u u s ’ m mu l u ’ m m m i nmm ges ,

nu u j u i m m I m l ~ ’ e ! u m c mut u m mni  i t appears tm - i be a u hn , iwhmut - k . , inn - il mu h i m ’ .  i rsappean eu ! irs ss ’ s e m a l  s c hm omm l s.

‘5 s t n u k i n i ’ .u u u u i u i i u ’ mm t in ms lu - in Jap smn m mum - id a hm pe t ’uml s u g- tu  f - inn t ine l u n t u m m e  bu ms h- i t - cnn t int - s’s lmm h l i s b u u u u s ’n nr u 1  Ts imki ibmm
I u i u - i.’ eu ’ u i l m  , b u s h y  hs ’su_ ur ihed 1mm nnm y , mrmu s ’ ht - m m  thu - i’ last issu e oh thus p u b l r 5 . i t i u u m u .  \s  t ime aca dct uric ‘s’c uus ’ u u t  it
Is uu k u nha \ ,.-u s u - i - u s u u  , .i m u pan m ’u st - mt - nut - s iu t y am - i - il c - i ’ munmts ’ip .m nu It , t h e  S u - iuu s’l t ’ u m u u u m m ’s -\ k , m , b e : u u : , - i u - i i s l - i i k  il \ - i u . - i ’ . u -

h u s k . I s u u k u i b  - I ‘ u u r u s ’ r sm iv  s smms l umuutnmlcui u - inn p n inm - i’i p b - i’s b un g l ub s ns’ vuu l u um um - i mm mmm ’m fumr J.mpmuru.  ii us - ieinm u . ’ humm l t - i - mi tim - i’
I u u u o u u l _ u t u u u n m s  iii I - i iks - t , i m s ’ e r s u t u  - - I I’sl uu t - m i m uumtr. us- lilt - li us irm tIme p u s ’s’’.’. un t t r u m i u n n i c  tm - i  I s u m k u i b ,i, limit uu nmslc r s n n uk—
u m i gI~ i mum uui s ’ m i t uue  .‘ u u i , Iu ’ l u m m s ’ s -‘5 u l e p _ m r n u m r ’ .’ trum i n t luc gemnenal ad mm s i nu is t ra t rs e  s tnu u t - t um ns’ us a s’ s’ n m t n aluis’i . uuu ih uu u rm i y
ues is - uI mum a I b u , u u m t - s ’ l h i u m  .mu ~ b In s - -i- vus ’e -pmeu m i ! eu i l s . u s b i u - i  t m mrnnm a -i - i - h u t - s  m u m u u u m p  umnum l en ss h uu c hu  l I me i m t r m s s ’ r s i t s  uup e u . u t t - ’ .,

l i t - i’ clum m um s y ’ . t s’ uu u hi m ’ , bet-nm s’ s s t - n m t u , i l h y  u ’ l u m u m u  n t - mb m mmii a I s i s _ u k  iii lIst - t ra uu tn . u luc  , u , . h u u u i s s i u - i u ’  c x a t u t m nmmm u um u nm bu ms ap~
0’ ps’ar s ’ mI mu h i t  h i  u f ’ time s l u m u b e t u t s  Cru et - m i me u i u u l u e m s m i s u— mu mime li nus oh b u m  hui gim s s h i u s u l  m s ’s , u u u l ’ -i ar- id nes ’ uuuuu-

mmme m n s l mm m mmun s s , lh u e s m mt - t - e ss u - I  n hum ’se s l u u - i h s’ i i t s  wi ll he s’ i i u l m p .mi eu l  s t i l l - i  t l u - i u s t -  e msu t - n nn g s it - t ime tr ’ s mshntuuu m ma l r u - m u t e ,
ump t - mnmn mg t ime - - i - i ’ . sub s m h u t s  u - h  mi m I , ‘ u e m u m u u , u h  e \ I - i i m u s i , ’ u u  of lint - p m u - ie u’u hu m u s ’ I I us lmks ’!y ihu mu t s i nu - umis l hums pt ust - s i i s t - s’i- is’

u g h , ilIu m m u a u m - i - i m u . u l  ssi n ,ntmls us’m ll h u lh uu us sui t  - I lie s r nu cmumr mm l uiu m,m, mnnu / a m m m - i n m humus l m k s ’us 55’ s et - mu u m t u u s 1 i u t - l y  s ! t - uelo ps’u!
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in- itt - i a cluster syste m , sot - in t h mat time physical layout of the cannpus is designed to group toget h er related us-
cip linms’ art-as. For t-xa nm mple , (‘luster I contains the basic sciences am-id um mc ludes the hunsanitues , the smisumm l st- ut- rices,
mm nms l t hmc m a t  oral scie umces. ‘[hue ins f t - n - i t  is t m - i  provide logically umm nt- rat - live grmm up unmgs , sha m ing co mss rm mmnmn h u h  m m- iu y anid

otiucr hmmc mh ut ies . sm t hmi t tine St u um ienm ts camm easily pursuit- nru te rd uscmp hum na ry a unmns.

flue em m tir c cu n umcept u - i t  esmab hishming a sc im m tnl of’ th is unat u urm t in a cornuplex of ’ research institutes appear s to bs’

emscmn u una g imm g t ’mmr time future ui! i mu g l ue n ed uue at iomm imu Japan. lIre idea has n- it - it met with general app numva l . par l is mIa mi ’,’
omi t ine i m ~ m u f time us-it-hI enusc m nm ccd academicians , who umppa remnt l y regard it as ‘a th reat tm - i an es nah h ms immn enst th iat
t Ime ’, It-el hi-as proveus lui gim l y smm cc essf ’ u u h. ‘[hut- prirsra ry resistance set - nm - is is -i lie in time centra luiat ioms of aummius n u ly -amid
tine essential ah-ihicatknn by t luc se nu mm um faculty. Tradition dies Is-and in iapanm ; only tin-ic car- i sl imus s hu mi w pens’ mmsivt-
us time tr cm ud a m md whit - timer nt will pe st -vt -me.
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