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invited to submit an article covering his owe work, considered to
be of special interest.
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RECENT PSYCHOMETRIC DEVELOPMENTS IN JAPAN:
ENGINEERS TACKLE EDUCATIONAL MEASUREMENT PROBLEMS •

Maurice M. Tat suoka

INTRODUCTION

An interesting thing about psychometric research In Japan today Is that a substantial portion of It Is belnf
carried out by a group of engineers affiliated with the Inst itute of Electronics and Communication Engineers of
Japan (IECE )—specIflcally , the Technical Group on Edu cational Technology (TGET) of the Institute, which was
organized in 1967. With a background quite different from that of traditional psychometrlclans, these engineers
(trained primarily in computer science) often produce work of a type not found In the mainstream oft psychometrics.

I was vaguely aware of these facts sInce 1975, when Dr. Takah iro Sato of Nippon Electric Company
• (NEC)—who is one of the leaders of TGET along with Professor Kun ihiro Suetake of the Tokyo Institute of

Technology and Professor Hiroichi Fujita of Keio University—visited the Computer -based Education Research
t Laboratory (CERL) of the University of illinois where my wife works. The scope and vigor of the activities of

this group were forcibly broug ht home to me only last summer , however , when my wife and I made a
three-week trip to Japan , In the course of which we attended one of the monthly two.day meetings of TGET
(She presented a paper , while I was a spectator and curious questioner—embo ldened , no doubt , because th
meeting happ ened to be held at my alma mater , Nagoya University.) The month ly frequency of the meetings as
well as their geographical spread—from Sapporo in the north to Fukuoka , on the southernmost Island 01
Kyushu- reflect the enthusiasm and widespread extent of TGET.

As to the quality of the papers presented at these meetings, Dr. Sato Is the first to admit that they range
• from good to mediocre-which is not surprising when one considers the frequency of the meetings. If the one I

attended in Nagoya Is at all representative, I would say that the vast majority ~-f the papers are fair to quite
good, with a few outstanding and a few at the other extreme. The topics covered Include Instructional design,
data management and analysIs, evaluation and measurement, and psychometrics (I.e., the theoretical aspects of

• psychological and educational measurement) especially as these pertain to CAl (computer-assisted Instruction)
and CMI (computer-managed InstructIon), as well as reseaseb on CM and CMI syst.nss themedves.

• What brought about the spectacular growth of Interest among electronic engineers In educational
technology In general , and testing, measurement and even psychometrics In pert iqular , In the thort span of a

• 
- I decade or so? I have not made a systematic study of the history of this development, but from my conversations

with Dr. Sato and other members of TGET It seems that the sequence of events is somewhat as follows. In 1963
• Dr. Sato (then a fresh graduate of Tokushima University with a bachelor’s degree In electrical englneerlngj

developed an Instrument known as the Response Analyzer (RA) at NEC. In Its original, rudimentary form, this
consisted of a response keyboard at each student’s desk plus a console at the teacher’s desk capable of displaying
mean class performance and mean response time for multlple.cholce questIons presented by the teacher upon
completion of segments of the lecture. The feedback thus given the teacher assisted him or her In deciding
whether to go on to the next segment or present a review of the one ju st completed, with emphases on the
poorly understood parts.

I
The Instrument caught the attention of Professor H. Fujlta of the Kelo University Faculty of Engineering

and Professor K. Hlrata of Tezukayama Gakuin University, and they Involved Dr. Sato n a  project for Improving
• the design and adding greater sophistication to the output by interfacing the RA with a central computer. With
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these advances came the need to develop new analytic methods especially of response-time data, for traditional
psychometric methods at that time offered no help. Even for the analysis of performance data, new
non-parametric methods appeared preferable to the traditional test-score theory with its reliance on the normal
(Gaussian) distribution of errors of measurement or the more recent latent trait theory involving normal. or
logistlc-ogive models.’

With the rapid increase In use of the RA In public schools throughout Japan (it must be remembered that
Japan Is a small, densely populated country whose people have a group-oriented psychology conducive to the
rapid spread of InnovatIons), the number of electronic engineers who became Interested in educational
technology and measurement Increased by leaps and bounds. The situation was ripe for the creation of a TGET
within IECE.

Further spreading of the movement was enhanced by the subsequent sponsorship by TGET of seven or
eight regional Educational Technology Discussion Groups that hold periodic meetings in which elementary and
secondary school teachers Interact with researchers to their mutual benefit. The former are introduced to

• Innovative methods and techniques much sooner than if they had to await their publicizing In journal articles,
and the latter are provided with means of field-testing their ideas and putting them to widespread, practical use,
as well as becoming apprised of problems that are faced by the classroom teacher and thus gaining new research
ideas.

CATALOG OF MAJOR RESEARCH INTERESTS IN VARIOUS SUBGROUPS OF TGET

The TGET is divided into several se,jonaljinstitutionsl subgroups, whose primary research interests we
catalog here. The subgroups are listed geographically from those In Tokyo southward; information concerning the
Hokkaldo University subgroup having been unavailable at the time of writing. After the institutional affiliation of
each subgroup the name of its leader is given In parentheses.

1. Kelo University Group (Professor H. Fujita)
• 

• a. Educational evaluation In CAl
b. Mathematical properties of the S-P chart2 based on its marginal distribution

2. NEC Group (Dr. T. Sato) -

a. Response-time analysis using the Welbull distribution
b. Computerized graphical analysis of test scores using the S-P chart
c. The effective number, k = 2H , of options in a multiple-choice item (H being the entropy associated

with the Item): a new Index for Item analysis
• d. Prediction of test-score distributions, usIng the beta-binomial distribution together with the S-P chart

upon specification of one parameter and the difficulty level of each Item. (Joint research with
Professor H. Ikeda of Rlkkyo University)

• 3. Tokal University Group (Professor T. Klkukawa)
a. Development of a test-Item-bank system
b. CAl In computer-science education
c. Methods for analysis of categorical data In educational research

4. Waseda University and Tamagawa University Group (Professor H. Sunouchl)
a. Test construction and editing using the CARAT (Computer-Assisted Retrieval and Analysis for Test

Items) system
b. Development of courseware In CM using the systems analysis approach
c Application of ordering theory to the analysis of students’ grasp of structural relations among Items

(Mr. U. Takeys of NEC)
t An InlaIsUtLIg ~~a1lgJ~t Is that, about the same time, American psychometrlclans were searching for and developing new methods
for analyzing what are known as criterion- (or domaln-)refamnc.d teats for which the score distributions by definition exhibIt
h* nuptirs mswiuu., with mod.. close to the maximum possible scores. However, the Japanese engin.srs-turnsd-psychometrl-
cleus wars unaware ~ th u s  devulupsanats and went their own way.
2ThS I.? chart is ds.ca*ad is the next section.

2
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5. Nagoya University Group (Professor M. Oda)
a. Measurement and evaluation of students’ grasp of learning objectives - -

b. Artificial Intelligence and its relation to tests
6. Osaka University Group (Dr. H. Fujiwara)

a. Study of subsets of the S-P chart by use of cluster analysis
b. Development of data bases for educational evaluation

7. Tokushima University Group (Dr. Y. Yamainoto)
a. Development of data bases for educational evaluation
b. Development of an assembler-simulator for an educational mark-card system

8. Kyushu University Group (Professor S. Ohtsuki)
a. Development and evaluation of engineering courseware
b. Development of a Computer-Assisted Instructional Management (CALM) system: a combination of

the CAl and CMI models

THE S-P CHART

The S-P Chart (for Student.Problem Chart) was the most frequently mentioned item in the catalog of
on-goIng research by TGET members (except for such general, catchall topics as “development of data bases
and/or courseware”). It Is safe to infer from this fact that the single development with greatest impact has been
that of the S-P chart. This concept also was well received by several of my colleagues at the University of illinois

• with whom I chatted about the various things I learned during my trip to Japan. Since there is no self-contained 
- 

-

English-language discussion of this S-P chart to date , it is perhaps worth describing it here in as much detail as
• space will permit.

The basic idea and construction of an S-P chart is relatively straIghtforward (given a computer, at any rate).
it is essentially a binary data matrix in which the students (represented by rowe) have been arranged from top to
bottom in descending order of their total test scores, and the test items have been arranged from left to right in
ascending order of difficulty (i.e., in descending order of numbers of students getting them correct). Thus,
starting with a data matrix with l’s (for “right”) and 0’s (for “wrong”) in which the students are arranged
perhaps In alphabetical order of their names, and the items in their order of occurrence in the test, It is merely a
matter of suitably permuting the rows and columns. But this rearrangement brings about an enormous facilitation
of discovery and interpretation of anomalous response patterns in students and items alike, thus making the S-P
chart a useful tool In the diagnosIs of student performance as well as the quality of a test or an Instructional
sequence.

• A contrived example of an S-P chart for a test consisting of 10 items taken by 15 students Is shown In
- ~~ Figure 1. By construction, there Is a preponderance of l’s in the upper-left region and preponderance of 0’s In

£ the lower-right region of the chart. However, the l’s and 0’s would be completely separable by a single
step-function curve only in the “Idealized” case when each student correctly answers every item up to a certain
one and none to the right of It. (In psychometric terminology, such a set of items Is said to constitute a
“Guttman scale” for the population of which the group of examinees is a sample.) For any real set of items
admin istered to a real group of people, there will be an Interspersing, to a greater or lesser degree, of l’s and 0’s
In virtually every row.

The two-step-function graphs superimposed on the chart are constructed as follows. For the one In dotted
lines, a vertical lIne segment Is drawn across each row at the right-hand edge of the column whose number (I.e.,
the item number shown in the top margin) corresponds to the total test score—shown in the right margin—earned
by the student repreueuted by that row. Thus, starting from the lower left corner of the chart, vertical line
segments are drawn at the right-hand edges of every column from the second one on, because In thIs example all
test scores from 2 through 10 were earned by someone or another. By Its nature, the length of each line segment
(measured In row-width,) equals the number of students who earned that particular score. Thus, the segments at
the right edges of columns 2, 3 and 4 are each one row-width long, the one at the right edge of column 5 Is two

3
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row-widths long, and so on. After the vertical line segments have all been drawn, the top endpc”.a of each is
connected to the bottom endpoint of the one to its right, thus completing the staircase.Iikc appearance. The
step-function graph Is called the S-curve (for “student curve”). From the way it is constructed , it is seen to be
the step.funct ion ogive of the cumulative distribution of test scores for the iS students: the height (from the
baseline) of each step shows the number of students whose scores were no more than the score in the right
margin at that level.

• In the solid-line graph, the roles of students and test Items (and hence those of rows and columns) are
• reversed from the dotted-line graph. Thus a horIzontal line segment is now drawn across each column at the
• lower edge of the row whose number (I.e., the student number shown In the left margin) corresponds to the

number of students—shown in the bottom margin—who correctly answered the item represente d by that column .
Starting from the lower left corner , horizontal line segments are drawn at the bottom edges of rows 14, 13, 11,
10, etc. The length of each line segment (measured In column-widths) is equal to the number of items that were
correctly answered by the number of students Indicated by the row number. The right endpoint of each line
segment a then connected to the left endpoint of one above It to complete the staircase. This step-function

• graph Is called the P-curve (for “problem curve”). This, too, represents a cumulative-frequency ogtve of sorts , if
we rotate the sheet 90 degrees to the left and then view the graph from the reverse side. it then shows the
numbers of Items with failure rates no greater than 1/15, 2/15, 4/ 15, etc.

• 
- By the methods of construction described above , It Is clear that the S-curve and the P-curve coincide In the

case of the Idealized S-P chart (I.e., when the set of Items forms a Guttman scale for the group of students
tested). The common curve Is then the boundary between the l’s and 0’s In the ch&~ . Hence, the degree to

4 
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~1which the two curves are disparate from each other becomes a measure ~A the extent to which the set of items
departs from a Guttman scale for the particular group of students—In other words, the extent of heterogeneity of
the items for that group, or , equivalently, the heterogeneity of the students with respect to the abilities tested by
the items. (~rhe duality between students and Items should be noted.) Sato propose d an index D ,  called the
dispari ty coefficient , for quantifying the disparity between the two curves. Its basic definition is

= A(N, n, ~)/AR(N, n, ~
),

where A(N, n , ~
) is the area between the S-curve and the P-curve in the given S-P chart for a group of N

• students who took an n-item test and got an average item-passing rate ~, and AB(N, n, ~) is the area between the
two curves è modeled by cumulative bInomial distributions with parameters N, ~ and N, ~, respectively. The
value of D ranges from 0 for the ideal S-P chart to approximately I for a randomly constructed one . For
computational purposes the above formula Is very unwieldly and time-consuming to use. Sato provides an
alternative , approximate formula for practical use, but we do not display ft here since its use requires a special
table .

Based on experience with a large number of S-P charts , Sato and his coworkers state , as a rule-of-thumb,
• thit a D4 value of around .5 is “about right” for an ability test involving several distinct abilities (or factors),

while a value exceeding .6 is a danger signal . It may signify that the set of items is excessively heterogeneous or
that the group of students consists of two or more subgroups having varying degrees of exposure to the material
being tested for. Thus, D4 can serve as a useful tool for trouble -shooting tests and/or evaluating the match
between the instructional material and the group being taught. For those who are knowledgeable in
psychometrics, it may be noted that D is related to Cronbach’s coefficien t alpha and Loevinger’s coefficient of
homogenity, H.

Mother measure which Sato and his coworkers define in connection with the S-P chart is what they call
the “caution index” C(Sj ) for students S1 and a corresponding one C(P~) for item j . The former is defmed as

C(Sj)=1-- 
cov(xli,n1)
cov(ujj,nj)

where x~ is student i’s score (1 or 0) on item j, ujj is the item-j score for a hypothetical “ideal” student with the
same total score X1 as student I (I.e., u11 = 1 for j ~ Xj and u1j 0 for j > X1), nj is the number of students

f correctly answering Item j, and cov(,) denotes the covariance (over items) between the two variables standing
Inside the parentheses. This index quantifies the anomalousness of a student ’s response patte rn , and it ranges
from 0 (for the “ideal” student) to approximately 1 for a student whose response pattern consists of a random
sequence of Xj l’s and n — Xj 0’s. It is used for diagnostic purposes by observing whether C(X1) is below .5 or
exceeds .5 and simultaneously noting whether the student ’s total score is “high” (say, above median) or “low.”
The four classes of students based on this double-dichotomy are diagnosed as follows:

(1) the low-C(Sj), hig ii-Xj student— ”Is doing fine”
(2) the low-C(SO, low-Xj student—”Needs to study more”
(3) the hlgh-C(Sj), hlgh-X4 sWdent—~’Is making careless mistakes”

• 
- (4) the high-C(Sj), low-Xj student— ”Has sporadic study habits and/or insufficient readiness for the material

covered In the test ”

Many other uses and properties of the S-P chart, Including those listed in the catalog in the preceding
section, have been studied , but lack of space forbids my describIng them here.

AN APPLICATION OF ENTROPY IN ITEM ANALYSIS
• 

- Another, more recent, development also by Sato that is worth a brief description is an application of the
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ well kn:wn In thermodynamIcs as:
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measure of the degree of disorder of a system , and In Information theory as a measure of the extent of
unpredictability In a message source. If the~s are k events B1, B2 ,. . ., Bk that may occur with probabilities Pt ,
p s ’ . . . ,  p~, respectively, the degree of uncertainty as to which of them will act~~lly occur can be measured by
the average entropy, defined as

k
H~~— E  pj log2 pj .

I~ I
Although entropy has been used before In test theory, especially In connection with test reliability, the

concept was used in quite a different way by Sato when he Introduced what he called the effective (or
equivalent) number of options In a multIple-choice Item. Suppose an item actually has k options. If the numbers
of students choosing the various options are n1, n3, . - - ‘  nu~ and 1~nj = N, then the entropy associated with the
item is

H = — Epj log2 Pj = (N log3 N — ~nj log2 nj l/N .

Suppose now that this observed entropy is set equal to the entropy for a hypothetical item with ~ options in
which the student responses are uniformly distributed among the options. We would then have

H=— log 3 (l/~)= log ~

and hence
P.
k = 2

This is what Sato calls the equivalent num ber of options and shows to be a useful new Index for item
analysis, along with the traditional item difficulty index p (i.e., the proport ion of students getting the item
correct). Specifically, a plot of k against p for the set of items on a test is found typically to form a narrow
band sloping downwards from left to right (i.e., k and p have a substantial negative correlation). Any item whose
(p, k) plot departs considerably from this narrow band should be viewed with suspicion. Since for each p value k
has a maximum (attained when 1— p is uniformly dist ributed among the k — 1 ncorrect options) that closely
borders the band of (p, k) points, any “maverick” item most likely i~as a (p. k) plot toward the lower left
portion of the plane. This means that such an item is too hard and tends to have its incorrect responses
concentrated on one or two of the distractors (i.e., incorrect options), which makes H’and hence also k small.
Thus , these one or two distractors must be very appealing to the students—they may perhaps not even be strictly

• incorrect. Hence , such an item is a poor one , but is not easily identified as such by the traditional item-analysis
indices of difficulty level and discrimination power. It is readily spotted , however , as an outlier In the (p, k) plot.

CONCLUDING REMARKS

The flurry of activities by Japanese computer engineers “invading ” the field of educational technology in
general and measurement in particular seems to reflect a definite felt need for developing a new body of
psychometric theory especially adapted to the new era of computerized test ing. By comparison , awareness of this
need does not app ear to be strong In this country. Except for a handful of psychometr icians engaged in research
on computerized adaptive testing (most of whom, Incidentally, are under contract with the Personne l and
Training Research Programs , Psychological Sciences Division of ONR), research on traditional psychometr ics is

- the rule of the day. Nor do our computer engineers seem Inclined to take the initiative for developing a new ,
computerized-tes ting-oriented psychometrics. I examined five recent volumes of the IEEE Transactions on
Education (for the years 1973 throug h 1978 , wIth the exception of 1977 , the issues for which year were at the
binde ry) and found only one arti cle dealing with innovative measurement techniques; moreover , this single article
was contributed by our Japanese friends , Messrs. Takeya , Sato and Sunouchi (“Measurement and Evaluation

• Methods of Response Time for Programmed InstructIon ,” In the April , 1975 Issue). Only three other arti cles even
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had the word “measurement” or “evaluation” in their titles, and they dealt with routine, traditional methods
applied to specific curricular programs.

All this strikes one as rather odd in view of the fact that CAl was first developed in this country, which
probably still leads the world In this field. Could it be that there is little interdisciplinary interaction between
computer engineers interested us the hardware aspects of CAl on the one hand, and educational and
psychological researchers speciaithng In educational measurement and psychometrics on the other? If so, it seems
that the tIme Is ripe (or overdue) for us to abandon such isolationism and cultivate cross-disciplinary cooperation
toward the development of a new psychometrics for the computer age.
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THE INSTITUTE FOR MOLECULAR SCIENCE

Mitchel Weissbluth

One of the newest and most impressive of Japan ’s many fine research centers is the Institute for Molecular
Science (IMS). Now in its fourth year of operation , the Institute is already well known in Japan and, In my
opinion , is destined to become highly resp ected internationally. The following report is based on Information
acquired during a visit in February 1979 throug h the courtesy of Professor Hirao Inokuc hi whose generous

• hospitality is gratefully acknowledged.

IMS was established in April 1975 as an inter-unive rsity research institute for theoretical and experimental
studies of molecular structures and their functions , including the system of disciplines concerned with quantum
chemistry , molecular spectro scopy and molecular solids. In the words of the Director-General , Professor Hide o
Akamatu , writing in the Annual Review of the Institute for Molecular Science, 1978, “The principal role of IMS

• Is to promote basic and explorato ry research in molecular science, covering from simple molecules , free radicals
and molecular ions to complex molecules such as porphyrin and cytochrome and also molecular assemblies. IMS
is expected to exploit new scientific opportunities for chemistry, physics and misted fIelds of science.” Apart
from these purely scientific objectives , molecular science, since it “deals with the formation of molecules and
their transformation , the elementa ry processes of chemical reactions and their controls , the interactions between
photon(s) and molecules , and the energy transfer and the energy conversion through the molecular process ,” is
expected to play an important role in our efforts to cope with the problems of the rapid increase in -energy
consumption and the depletion of natural resources. For Japan , In particular , the practical aspects of such
research loom large indeed.

The Institute Is located in the town of Okaza kl (population 0.25 million), about 40 km east of Nagoya or
• 260 km southwest of Tokyo. Some facilities are still under construction with completion expected in 1979;

staffing is approximately 60% of full strength. Ultimately, IMS will consist of 15 research laboratories and five
research facilities. The laboratories—each staffed by a professor , two research associates and technicians—are
grouped into five divisions (Table I): theoreti cal studies , molecular structure , electronic structure , molecular
assemblies and applied molecular science . In order to enhance the cooperation between IMS and the universities ,
the chairs in five of the fifteen research laboratories are reserved for adjunct professors invited from various
universities.

Professor Akamatu transferred from Yokohama National University when he was appointed
Director-General of IMS In April 1975 and at approximately the same time Professor Inoku chi came from the
Institute for Solid State Physics , University of Tokyo , to accept the app ointment as Professor of the Division of
Molecular Assemblies. Since then , faculty selection has proceeded in a very deliberate fashion by the Committee
for Faculty Selection under the chairmanship of Professor S. Nagakura, University of Tokyo. During my visit , I
had the pleasure of a meeting with Professor Akamatu who was proud to Inform me that he had , that day, been
re-appointed to another term as Director-General of the Institute.

IMS has an advisory boar d for the Director-General which is composed of 17 Counsellors app ointed by the
Minister of Education and Science . The Chairman of the Board is Professor Masao Kotani , President of the
Science University of Tokyo. Two of the counsellors are selected from among distinguished foreign scientists.
The current members are Melvin Calvin, Professor , University of California , Berkeley, California , and Henlz
Gerlscher , Director , Frltz-Haber Institute der Max-Planck.Gesellschaft.

8 
-—



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

! 

Table II gives a brief description of the five research facilities (Computer Center, Instrument Center ,
Low-Temperature Center, Chemical Materials Center and Development Workshop). Associated with each research
facility are technical associates and technicians as well as a scientific staff. The technlcai employees are organized
Into a Technical Section under the direction of a Technical Chief and it is claimed that such an orpni7..tion of
technical employees Is unique among national Institutes and universities In Japan. It Is evident that the research
facilities are well equipped and have been organized to provide essential services to the research laboratories and
to keep up with new technical developments in Instrumentation.

j To provide the reader with a feeling for the range of activity at INS, a list of active research areas is given
in Table III. Typical of their approach is the research on photochensical energy ~onverslon by thin films of
organic semiconductors—an area In which there are important practical implicatloiss with respect to solar energy• devices as well as fundamental scientific interest. The group consisting of T Sakata, T. ICawal, K. Tsnlmura and
M. Some is using thin porphyrin films on metals as electrodes In electrochemical cells. Porphyrins, generally have
a strong absorption band (Soret band) in the vicinity of 420 nm and a weaker band (Q band) at about 540 nm.
Zinc tetraphenyl porphyrin (ZnTPP) was found to be a favorable material for electrodes. When deposited on
platinum, the photovoltage of the ZnTFP/Pt electrode reached 530 mV and the current efficiency (number of

• electrons/number of absorbed photons) was about 2 6%. The photocurrent and photovoltage showed a marked
dependence on the kind of metal substrate on which the ZnTPP was deposited. This property was explained on
the basis of a Schottky-type barrier assumed to have been formed at the interface between ZnTP? and the metal
substrate. They also observed a close correspondence between the action spectrum of the pliotocurrent and the
excitation spectrum of the fluorescence.

Dynamic behavior is being investigated by means of nanosecond laser pulses from a nitrogen and a dye
laser. In the case of ZnTPP/Pt, the photocurrent does not follow the rise and decay of the Incident light. Instead
the rise profile more nearly corresponds to the Integral of the fluorescence. The triplet lifetIme appears to be an
Important factor—long lifetimes being conducive to electron transfer.

The luminescence intensity of ZnTPP/Pt is a function of film thickness - in films with a thickness less than
400 A, the luminescence is strongly quenched. The data appear to be consistent with the assumptions: (1) the
excitation energy Is localized, i.e., there is no energy transfer among ZnTPP molecules and (2) ene rgy transfer
occurs between the film and the metal at a rate which depends on d 4 where d is the distance between the

• metal surface and an excited ZnTPP. The energy transfer process is thought to be of the Forster type.

A closely related project is one conducted by a theoretical group consisting of H. Kashiwagi, T. Takada, S.
• Obara , E. M*yoshi , N. Honjo and K. Ohno. Using a computer program known as JAMOL which was designed In

Hokkaldo University for molecular orbital calculations of large polyatomic systems, ab initlo molecular orbital
calculations were carried out on the cobalt porphine (CoP) complex in various states : [CoPJ ~ [CoP) 0 [CoPJ ,
(CoP) ~~~. This Investigation yielded the charge distribution , the character of the ligand bonds, the d-d transition ,
the iv~n excitation and several ionization potentials. Configuration interaction (CI) calculations within the
framework of ligand field theory were also performed. They concluded that (1) the bonding between Co and N
(porphine) Is essentially IonIc, (2) In the five lowest states (4Bs,, 4 A25, 4E5, 2A15, and 2 E~ in D4a symmetry )

• I the net charge distribution Is almost independent of the state. Co has a net charge of about +1.8 and N has
-0.6, (3) the calculated first two Ionization potentials which correspond to the removal of an electron from the
two highest occupied orbitals (la 1~(w) and Sa3U(~)) are In reasonable agreement with experiment and (4) the
calculated ground state I*~ B~ and not 2 A51 as observed experimentally In Co-tetraphenylpomhlne.

The founders of INS also recognized that there is a category of large-scale experimental equipment
• required by various researchers In molecular science but which Is too complex and/or too expensive for Individual

universities. They decided to Install two facilities of this type for general use by scientists at LMS and other
Institutions. One facility Is for time-resolved spectroscopy and the other for high resolution spectroscopy. Bothr systems use lasers as their primary light sources. For time-resolved spectroscopy, the system contains a repetitive
picosecond Nd~~:YAG laser and a high power nanosecond Nd’ :YAG laser. Provision Is made for frequency
conversIon In the visible and near Infrared region. The system also contaIns an ultra-fast streak camera for

- ~- -—•~~~~~~~~~~~~~
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observation of transient phenomena In the picosecond region. For high resolution spectroscopy, the main 
-components are two dye lasers In the region S5O-630 nm and a serIes of semiconductor diode lasers for the

Infrared region. In the planning stage Is a picosecond continuously tunable laser from the ultravIolet to the~ 
-

Infrared and a source of synchrotron radiation for the ultr aviolet and soft X-ray region.

As an overall impression I Incline toward the opinion that the Institute for Molecular Science at Okav~tki
has provided a highly favorable physical and intellectual environment for the conduct of scientific research with 

-

good expectatIon for Important contributions.
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Table I 

—

~~~

Or~~~~~on

Dfrectu~Genemi
Hidso AICAMATU

Division of Theoretical Studies Theoretical Studies I Professor K IjI Morokuma
Theoretical Studies II’ Adjunct Professor Katsunon Hijlkata

(University of Electro-Communlcatlons)j Theoretical Studies lli~

t Division of Molecular Structure Molecular Structure I Professor Elzi Ilirota
Molecular Structure ii~ Adjunct Professor Kozo Kuchltsu (Uni-

versity of Tokyo)
Molecular Dynamics’

Division of Electronic Structure Excited State Qiemimy Professor Keltaro Yoshihara
Excited State Dynaml&
Electronic Structure~’3 Adjunct Professor Mltsuo Ito (Tolioku

University)

Division of Molecular Assemblies Solid State Oiemlstry Professor iflroo Inokudil
Photochemlstry’
Molecular Assemblies Dynaml&
Molecular Assemblies’ Adjunct Profsaor Ikuji Tsuj lkawa- : (~yolo University)

Division of Applied Molecular Applied Molecular Science I Professor iblzu Iwamura• Science Applied Molecular Science U’ Adjunct Professor Yoshthlko S.lto
(Universfty of Tokyo)

P*,e Research Facilities are: Computer Center
Instrument Center
Low-Temperature Center
Osemical Materials Center

• Development Workshop

‘To be estabildied.
‘Professors and associate professors are a~unct profe~on floss unIversitIes.
‘Established In 1978.
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Table II

Research Facilities

Computer Center
The center contains two HITAC M-l80 computers with an overall processing capacity of over 6 millIon
instructions per second. The processor uses 32 bit words and is essentially IBM-compatible at both the
hardware and software levels. It will have an 8 megabyte main memory and a 1750 megabyte disk memory .
It will also be equipped with magnetic tape drives, an XY-plotter and a graphic display as well as usual
input -output devices. The system is designed to work without an operator. The computer facilities are also
available to scientists outside of IMS .

Low-Temperature Center
The building with three liquefaction machine rooms , ten laboratories and a machine shop will be
completed in March 1979. The liquefaction of helium will be carried out with a machine of 40 1/h
capacity. A room is set aside for the future installation of a hydrogen liquefier. The floor and walls of the
machine rooms are sepa rated from the rest of the building to avoid the propagation of vibratIons. The
laboratories are to be equipp ed with spectros copic , magnetic and calorimetric instruments for low
temperature measurements. Seven laboratories are located in the basement in order to obtain a well
regulated environment. The center presently supplies liquid nitrogen.

Instrument Center
The Instrument Center maintains and makes available instruments for general use, such as NMR , IR ,
vlsible-LJV , vacuum UV, Raman, emission, and photoelectron spectrometers. The center consists of three
rooms for material research (electric and magnetic properties), four rooms for spectroscopy , two rooms for
laser research , one room each for magnetic resonance , X-ray diffraction , and electromagnetically shielding
measurements. The floors of the laser rooms are separated from the walls in order to avoid vibrations from
the building. The turbulence of air from the air conditioning system is minimized. The electromag netic
disturbance in the shielded room is —80 dB.

Chemical Materials Center
The Chemical Materials Center is the preparation center of chemical substances. The scientists and
technicians of this facility prepare organic and inorganic compounds by synthesis, purification , and
crystallization. As the need arises, they develop new methods for preparing interesting chemicals in high
purity and In large quantities . They also carry out research on development of new chemical reactions,
elucidation of reaction mechanis ms, and analysis of chemical substances. They also participate in
disposition of waste chemicals and solvents. The two-storied building consists of the following facilities: four -

laboratories for organic and inorganic synthesis , a laboratory for high-pressure exper iments , four
Instrumentation rooms , two clean rooms (class 100 and 10000), a laboratory for preparation of pure
crystals and a stockroom of chemicals. Each room Is provided with tubing for cooling water , city gas, and
special gases (argon , nitrogen, oxygen , compressed air, and vacuum pipes, and a recovery tube of helium),

• dIstribu ting box (single- and three -phase current totaling 30 KW), and an emergency shower. About five
hundred chemicals and solvents are stored In the stockroom . All hoods are equipped with scrubbers and
chemicals can be safely handled in them.

Development Workshop
The Development Workshop consists of a machine shop, an electronic shop and a glass-blowing shop. It
designs and constructs instruments and also Improves existing research equipmen t. Technical meetings are
held twice per year to provide opportunities for technicians to exchange information and to discuss
technical problems with technicians from other institutes and universities.

• I
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Table III

Research A~~~

RESEARCH ACTIVITIES I THEORETICAL STUDIES
A. LCAO-MO-SCF Scheme with Local Exchange-Correlation Functional Approximation
B. Transition States and Intrinsic Reaction Coordinates
C. Mechanism of Photochemical Reactions

•D. Energy and Force Analyses of Molecular Interactions
E. Problems In Molecular Structures
F. Extension of Discrete-VarIatIonal Xa auster Method and Its Application to the Surfaces of Metallic

Oxides
G. Theory of Two-Dimensional Electron System In MOS Inversion Layer
H. Application of the Grap h Theory to Chemistry and Physics

RESEARCH ACTIVITIES II MOLECULAR STRUCTURE
A. High Resolution Spectroscopy of Transient Molecular Species
B. Microwave Sprectroscopy of Non-Polar Molecules
C. Anharmonic Potential Function and Equilibrium Molecular Structure
D. Production of Highly Excited Atoms from Molecules

RESEARCH ACTIVITIES III ELECTRO NIC STRUCTURE
A. Primary Photochemical Reactions of Organic Compounds
B. Electron Transfer Reactions in Ground and Excited States

— C. Laser Induced Selective Chemical Reactions
D. Studies on Transient Phenomena in Biology
E. Photoelectrochemical Energy Conver sion by Thin Films of Organic Semiconductors
F. Energy Storage and Solar Energy Conversio n by “Layer Compound Electrode ”
G. Photocatalytic Effects of Semiconductors

RESEARCH ACTMTIES IV MOLECULAR ASSEMBLIES
A. Photoelectric and Optical Properties of Organic Solids in Vacuum Ultraviolet Region
B. Photoconduction in Organic Solids
C. Reaction Mechanism of Hydrogenase and Electron Transp ort Properties of Cytochrome
D. Application of Ph otoelectron Spectroscopy to the Study of Photoch emical Reaction of Solids
E. Studies of ion-Molecule Reactio ns by a Threshold Electro n-Secondary Ion Coincidence Technique
F. Photoionjzatio n Processes In Small Molecules
G. Studies of Formatio n and Destruction Mechanisms of Interstellar Molecules
H. Effect of Vibrati onal Energy Transfer and Reactant Vibrational Excitation on the Cross Section of the

Vapor-Phase Chemical Reaction
— I . Chemistry and Physics of Interca lation Compounds of Graphite

RESEARCH ACTIVITIES V APPLIED MOLECULAR SCIENCE
A. Syntheses and Physico-Chemical Properties of Bridged Aromatic Compounds
B. Structural and Kinetic Studies by Means of NMR of Other Nuclei
C. Spin -State Variations among NIckel(H) Complexes Contain ing Macrocy lic Ligands
D. Electron-Dens ity Distri bution In TransitIon Metal Compounds

RESEARCH ACTIVITIES VI COMPUTER CENTER
A. Development of JAMOL Program System for Molecular Orbital CalculatI ons
B. Ab Init lo SCF MO Cl Calculati ons of Metalloporph lnes
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Table W (Continued)

Ronaich Ames

RESEARCH ACTIVITIES VII INSTRUMENT CENTER
A,. Reaction Mechanism of Hydr ogenase 4

B. Electron Transport Porpertles of Cytoclirome

RESEARCH ACTWITIES VIII LOW TEMPERATURE CENTER
A. Metallic Properties of One-Dimensional Mixed Valence Compounds

RESEARCH ACTIVITIES IX CHEMICAL MATERIALS CENTER
A. Synthesis of a New Chiral Phosphine Ligand and Its Use In Rh(I)-Catalyzed Asymmetric Hydrogenation

of a-Amldoacrylic Acids
B. Nlckel(O) Catalyzed Reaction of Methylenecyc lopropanes with Electron Deficient Olefins. Mechanistic
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PHYSICS IN TAIWAN AND HONG KONG

Mitchel Weissblu th

I visited Taiwan between November 26 and December 5 , 1978. The dates are significant for it was on
December 15 that President Carter announce d the establishment of full diplomatic relations between the Unite d
States and the People’s Republic of China (PRC). 1’his event is bound to have significant effects on various
aspects of life in Taiwan , including the conduct of science and technology. Wha t follows is the refore a summary
of Information and impressions—mostly on physics at several Taiwanese universities—pertaining to the pe riod
immediately prior to the US-PRC agreements and may serve as a baseline for compa rison with whatever changes
occur in the future .

Scientific work everywhere is closely intertwined with economic and political considerations. In Taiwan ,
because of its special circumstances , the mixture is even more intimate. Economi cally, Taiwan is doing very well.
According to the Council of Economic Planning and Development, Taiwan will close 1978 with a 10-12 percent
growth rate. Foreign trade is described as “booming,” foreign reserves “soaring” and there is an overall
improvement in the domestic economy—an achievement all the more remarkable when one considers that Taiwan
had hardly any industry until a quar ter of a century ago. Comparisons with Japan ’s mode m economic history are
not uncommon. The two largest cities—Taip ei, in the north , with a population of two million and Kaohs iung in
the south , with one million—are connected by a newly completed freeway , 375 miles in length. along the western
plain . Parallel to the freeway is the newly electrified west coast railroad , and on the rugged east coast , other
railway projects are under construction. A new airport , about 20 miles west of Taipei , has also been completed
recently. For the skeptic who lacks faith in statistics the re is perhaps no better evidence of industrial growth and
economic well-being than the thick layer of smog over Taipei and even to a greater degree over Kaohs iung which
operates the biggest port in Taiwan and is the site of a major petrochemical plant. It is expected that the
Taiwane se government will continue to place priority on the development of the petrochemical indust ry and will
encourage the import of technology, e.g., electronics . Research and development , however , appear not to have
kept pace with economic growth . In a China News editorial (November 28) one reads: “As we approach the
1980’s one principal deficiency lies in the absence of research and development. We are still imitators and
learners . If we wish to do anythin g complicated , we must call in the Japanese or the Germans or the Americans
to hel p us. Buyers are rushing here to order our products pr incipally because they are cheap—not because they
are of new design or higher quality. ”

The gradual increase in the number of countries —includ ing the major powers—that have entere d into
• diplomatic relations with the PRC and simultaneously have broken relation with Taiwan—usually at the insistence

of both sides—has created serious obstacles for Taiwanese scientists. There have been cases in which prominent
foreign scientists who have expressed themselves publicly in a maimer favorable to the PRC , but not necessarily
antagonistic to Taiwan , have been officially regarded as unfriendly to Taiwan. The net effect is that Taiwanese
scientists are becoming more and more isolated and for a small country like Taiwan the deterioration of contact
with the world scientific community Is a very serious problem.

My visit to Taiwan was arranged by Dr. E. K. [An , Director of the Division of Natural Sciences, National
Science Council (NSC). With aims not too dissimilar from those of the National Science Foundation in the US,
the NSC seeks to strengthen pu re and applied science , to explore natural resources and to promote inde pendence
and creat ivity in science and Indust ry . Its activities may be grouped under four general head ings : (1) support of
basic research projects , (2) internatIonal scientific cooperation , (3) precision instrument development and (4)
science and technology informat ion.
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in the 1976-77 fiscal year, 441 projects were supported: natural and mathematical scIences (132),
engineering and applied scIence (83), biologIcal, medical and agricultural science (201) and humanities and social
scIence (25). In conversations with individual scientists , doubts were expressed concerning the wisdom of the
NSC policy of spreading its limited resources over many projects , with the net result that hardly any researchers
received sufficient support to do their work prop erly—a complaint not uncommon even in more highly developed
countries . With financial assIstance from the NSC, six research centers—mathematics , physics, chemistry, biology,
engineering science and agriculture —have been established under sponsorship of the major Taiwanese universities.
The Science and Technology Information Center , supp orted by the NSC, collects and disseminates scientific and
technical information to and from domestic and foreign countries. NIne periodicals , varying from monthly to
annual, are published. Parenthetically, it may be noted that Taiwan does not adhere to the Universal Copyright
Convention ; hence there is no restraint on the reproduction (but not export) of books (and phonograph records)
without the permission of the copyright owners . Whatever the merits of this policy from a world-wide point of
view, it must be said that Taiwanese scientists (and others) have a better access to foreign literature than would
be the case under adherence to the Copyrig ht Convention .

The NSC provides active assistance to electroni c production , the manufacture of electric vehicles and the
exploration of geothermal energy. Throug h the Precision Instrument Development Center , new and special
instruments , mainly for industry , are developed and occasionally produced on a small scale . Technical
services—calibration , maintenance , literature , etc.—are also available. Finally, the NSC sponsors over 30 projects In
cooperation with the United States , including the exchange of professors and students.

- - My itinerary included visits to National Taiwan University in Taipei , National Tsing Hun University in
Hsingchu and National Cheng Kung University in Tainan—mostly in the physics departments—with shorter visits
to the Academia Sinica and the National Defense Medical Center.

To gain admission to a university in Taiwan , a student must satisfy certain secondary school requirements
and must compete successfully in the Joint Entrance Examination held each summer. Successful candidates are
admitted to a particular department—not always the student ’s first choice—to begin training in a particular field;
transfer from one department to another appears to be rather restricted. This quite different from the system In
most American universities where a student may study for one or two years before embarking on a major field
of specialization.

There would seem to have been an increased emphasis in recent years on the training of students in
experimental areas. Several reasons for this trend have been voiced: to train students who can accommodate
more easily to industria l requ irements , to overcome the criticism from abroad—mostly United States—that
Taiwanese graduate students were not as well prepared for experimental research as their American counterparts
and to dc-emphasize the tradition of “book- learning ” inherent in Chinese culture and reinforced by the system of
competitive examinations. This tradition , one might add , also has positive values as evidenced for example by the
high performance of Talwanese students on the Graduate Record Examinations when applying for admission to
United States graduate schools.

Although Ph.D. programs In physics are available in Taiwan, e.g., National Taiwan Universi ty, National
Tslng Hits University, most students who choose a career In physics go abroad and the vast majority of these
elect to go to the United States. Unfortunately for Taiwan , only a small fraction of these students return
home. The obvious reasons are the meagerness of research opportunities in Taiwan at the post-doctoral level,
the scarcity of academic positions, the lack of interest on the part of industry In physicists with advanced
training . Other contributory reasons are the uncertainty of Taiwan ’s political future and the Influence of wives
who become accustomed to the easier living conditions in the western countries. However, it was somewhat
surprising to learn that a social stigma is attached to a person who had studied In a foreign country and had
subsequently returned to Taiwan; the implication is that he could not make It abroad and hence was forced to
return . There Is evidence that the government Is cognizant of the problem and that some remedies are being
developed in the form of transp ortation allowances and job placements. In this connection I would comment
that of the physicists I met—most of whom were fairly young and had been trained In United States—quite a fiw
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impressed me as being of an idealistic stripe with a sincere interest in the welfare of their country and who, in all
likelihood , could have found equally satisfactory or superior positions in the United States.

Under the circumstances—severely limited financIal support for research and the scarcity of graduate
students above the Master ’s level—one cannot be too sanguine about the outlook for academic research in
Taiwan. Nevertheless , there are a few bright spots which will be indicated below.

The National Taiwan University in Taipei , with 36 departments, 7 schools, 46 graduate institutes and
13 ,000 students , is the largest university in Taiwan. The Physics Department —under the chairmanship of
Professor P. K. Tseng who, by his own admission, has a reputation of being “tough”—has 130 undergraduate
students , 7 in a Master ’s and 1 in a Ph.D. program (1977.78). . The student laboratories are not impressive in
their appearance but it was pointed out that altho ugh equipment is in short supply and not always in the best
working condition there is nevertheless some advantage to adversity in that students are forced to impro vise and
to acquire various mechanical and electric al skills.

Of the research projects in the Department I was particularly impressed with the work of Professor S. Y.
Chuang, who was using positron annih ilation techni ques to investigate various kinds of phase transitions. He has
concentrated on the annihilat ion rate of ortho-positronium (3 S) to study solid-solid phase chang es includIng glass
transitions in polymers. Together with Professor Esther I -hsin Chow of the Biochemistry Department in the
School of Medicine , an experiment Is being instrumented to investigate phase transitions in biological membranes
by an extension of the ann ihilatior1 technique. It would app ear that this typ e of experimentation in which the
outlay in equipment is relatively modest and which has a wide range of applications , e.g., solid state physics ,
polymer science, biophysics, would be particularly appropriate under the condition prevai ling in Taiwan .

National Tsing Hua University in Hsingchu, 72 km southe ast of Taipei , is situated on 210 acres of partly
wooded land; the campus is spacious and modern and gives evidence of careful attention to the intellectu al and
physical needs of students and faculty. Althoug h the university was founded in 1955, primarily for nuclear
science research , unde rgraduate teaching did not begin until 1964. The Physics Department was organized in
1965 , an Institute of Physics in 1966 and an Institute of Applied Physics in 1972. There are now 2000 students
In the unive rsity and a permanent faculty of 225. Master ’s prog rams are offered in most fields , Ph .D. programs in
physics and chemist ry. In physics there are 160 underg raduate students , 30 in the Master ’s and 5 in the Ph.D.
programs; an additional 14 students are in the applie d physics Master ’s program . The recently app ointed
chairman of the Physics Department is Pr ofessor Edward Yen , a young theoretician in high energy physics, who
received his Ph.D. at the State University of New York at Stonybrook , under the direction of the Nobel laureate
C. N. Yang .

National Tsing Hua is regarded as the foremost technical university in Taiwan. The Institute of Nuclear
Science Research operates a 1.5 MW research reactor and engages in cooperative pr ojects with the United States
National Argonne Laborato ry and the Japan Atomic Energy Research Institute. Under the auspIces of the
National Science Council and with the cooperation of the Institute of Physi cs of Academia SInica and National
Taiwan University, Tsing Hua was selected as the site of a National Physics Research Center to promote the
development and research in pure and applie d physics. The facilities are gradually being enlarged; at the present
time they contain items such as a 3 MeV van der Graaf , a 14.1 MeV neutron generator , multi .channe l analyzers ,
Ge(Li) a-ray detectors , a nitrog en and helium liquefie r , a high-vacuum evaporating system , a sputtering system ,
an IBM/ 130 computer.

National Cheng Kung University in Talnan bears the same relationship to engineering science as Tslng Hun
does to physics. In 1965 , Cheng Kung was accre dited to establish the Engineering Science Research Center in
cooperation with Taiwan University and Chiao lung University. The purpose is to upgrade the training and
researc h programs in the fields of engineering science and to provide Industry with support and service in science
and technology. As a result , Cheng Kung probably has the closest ties with industry of any Taiwanese unIversity.
There are now 4 colleges wIth 26 departments, I I  graduate schools and one undergra duate evening school. The
College of Engineering requires all of Its students to spend two months In Industrial plants during vacations In
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order to obtain on-the -job experience prior to gradua tion. Master ’s programs are offered in physics and Ph.D.
programs in all the major branches of enginee ring.

The Academia Sinica is the top-ranking acade mic body in Taiwan to which academicians—currently
approximately 100 in number—are elected for life by an adviso ry council. Research in science and the humanities
is conducted in 9 institutes.

The Chinese University of Hong Kong reflects the international character of the city—the principal language
of instruction is Chinese; the general organization resembles that of a British University and a lar ge fract ion of
the faculty has received advanced training abroad. In physics , about 30% of the professional staff have graduate
degrees from American universities. The campus was established in 1963 and is situated in the scenic
mountainous terrain of the New Territories . Most of the buildings are therefore of recent orig in and give evidence
of attention to aesthetic qualities.

The university operates on the college system, of which there are three , and admission is conditional upon
passing the Matriculation Examination. Students are admitted on a Faculty basis—Arts , Business Administration ,
Science and Social Science; a Faculty of Medicine is underway. The selection of a major may be postponed until
the end of the first year; the total enrollment is 4500. The Science Faculty is divided into departments of
biochemistry , biology, chemistry , computer science , electronics , mathematics and physics. There are about 200
physics majors .

Graduate degrees are of two types: Master of Science , obtainable after one year of fuiltime study, and
Master of Philosophy which requires two years . Both degrees are offered in electronics and the Master of
Philosoph y in physics. There are also several Institutes—among them the Institute of Science and Technology
with the stated purpose “to promote interdisciplina ry research in the Science Faculty with particular emphasis on
projects with long-term regional significance of applied value. ” The two major research units of the Institute are
Chinese Medicinal Material and Food Protein Production from wastes.

The Physics Department appears to be well-equipped particularly in regard to the undergraduate
laboratories which are spacious and modern. Among the research activities there are proje cts on viscoelastic and
thermal prop erties of polyme rs , electrical and optical prop erties of amorphous semi-conducting films , ultrasonics
in polymers , Mossbauer effect , neutron activation analysis , laser holography , theory of disordered systems and
theory of electron-atom and elect ron -’nolecule collisions.

The Royal Observatory in Hong Kong is primar ily a center for meteorolog ical and geophysical services. It
receives and analyzes data from meteorolog ical satellites , weather radars , upper atmosphere detectors ,
seismographic Stations , etc. The Director is Gordon I. Bell who also serves as the Chairman of the Committee for
Scientific Co-ordination and Policy for Science and Technology in Hong Kong. Among the terms of reference of
the Committee : to advise on scientific pro blems; to recommend new scientific and technolog ical programs and
policies; to disseminate the results of scientific and technological research; to advise on the conduct of survey s of
scientific manpower , facilities and othe r resources; to prepare and maintain a directo ry of scientific personnel andt facilities. Not all of the se activities have as yet been fully implemented. However a particularly noteworthy
contribution has been the publication of the Scientific Directory of Hong Kong, now in its four th edition
(1978). The Directory provi des (1) a list of scientists , with their academic and professional qualific ations , fields
of expertise and current projects and interests and (2) a list of scientific facilities , including libraries and
precision measurement instruments in Hong Kong.
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A REVIEW OF SOME HIGH TEMPERATURE METALLIC
MATERIALS RESEARCH IN JAPAN

Oleg D. Sherby

A six-week visit to Japan (September 1 -October I l , 1978) gave me an opportunity to learn of some
Japanese work on mechanical behavior of metallic materials at elevated temperature . My visit was arrang ed by
the JSPS (Japan Society for Promotion of Science). In this report , I discuss some of my observations on high
temperature materials research I observed. Prior to some specific comments on this subject I give some
background remarks to my very pleasant and productive visit.

During my stay in Japan I interacted princi pally with my host Professor , Dr. Tadah isa Nakamura , and his
colleagues , Professo r Soekichi Umekawa and Associate Professor Toomoo Suzuki of the Tokyo Institute of
Technology. Thus my stay was centered at lIT where I gave seminars to the graduate students and faculty . I also
interacted with many othe r faculty and students there and discussed in-depth research of mutual interest.

Professor Nakamu ra arranged a large number of visits for me to other universities and industrial laboratories
• dur ing my stay in Japan. In all places visited I gave seminars on my work at Stanfor d (a choice of three subjects

was given). A high level of mutual exchange of ideas was accomplished during each of the visits. The work I
lectured on and discusse d in detail was my current researc h at Stanford , and not yet published; this was
especially true of our work on ultrahigh carbon steels and ultrahigh carbon steel laminated composites. In turn , I
learned much about on-going research at the universities and industrial laboratories I visited. Most of our
discussions centered on high temperature mechanical properties , on superp lasticity , and on ferrous metallurgy
studies. Specifically I visited the metallurgy departmen ts of Kyoto and Tohoku Universities , the National
Research Institute for Metals in Tokyo , and the research laboratories of Nippon Steel , Nippon Kokan , Kobe
Steel , Sumitomo Metal Industr ies, and Mitsubishi Heavy Industries. I also attended (and part icipated in) the
annual autumn meeting of the Japan Institute of Metals and the Japan Iron and Steel Institute at Toyama .

Very high research activity exists in Japan in the area of mechanical behavior and mechanical properties of
materials at elevaL ,.u temp erature. This was certainly true for the universities, research laboratories of private
companies , and government laboratories that I visited. A possible notabl e difference in emphasis between work at
universities in the United States and Jap an is the following. In Japan , very basic as well as engineering-oriented
research is conducted in materials departments at unive rsities. Thus , considerable research is found in creep of
single crystals of pure metals , solid solution alloys, and dispersion hardened materials , in deformation of
bicrystals of pure metal s and two phase alloys , and in other similar related topics. Often model metal systems are
chosen (e.g., zinc , a-~ bra ss , and aluminum). This type of basic research has diminished considerably in the
United States , whe re research emphases are now more commonly in pr ogrammatic areas with often short-term
goals. If this difference in emphasis continues between the two countries , it would be most important for
American researchers to pay close attention to the results of basic work in Japan throug h their publications .
Truly novel material developments are generally dependent on new concepts , which arise more from basic
research utilizing simple and complex model systems than from short-te rm engineering -oriented research.

Another observation is that Japanese researchers work very hard. Work on Saturdays is a normal routine at
universities. Most graduate research students, and many faculty, work regularly in the evenings. This high driving
force for work and accomplishment is to be adm ired and respected. A new trend in Japan is that the number of
doctoral candidates has decreased considerably in recent years . This is due principally to the job market; there Is
very little demand for Ph.D. graduates in materials and metallurgy in Japan at the present time. Although a
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similar trend exists in the United States it is much less extreme. The number of M.S. candidates in Japan remains
high; a thesis is required for this degree , and considerable research is achieved in this manner.

I noted , with interest , that a large number of Japanese scientists and professors spent one or more years in
foreign countries for special technical studies. The majority of those I met studied in the United States , with a
number also in Great Britain and West Germany. Undoubtedly, this foreign experience is very healthy for
enhancing the strength of science and technology In Japan . Young Americans are not nearly as active in such
practices , at least not for long-term visits.

Elevated temp erature mechanical property research at Tokyo Institute of Technology, Kyoto University,
and Tohoku University and at various othe r government and industrial research laboratorie s is described in the
following sections. Those who are interested in the more general aspects of materials research at the above places
should read Dr. George Sandoz’ excellent report entitled “An Overview of Materials Science and Engineering in

• Japan ,” 1977, ONR-38.

TOKYO INSTITUTE OF TECHNOLOG Y

Professor Tadah isa Nakamura of the Materials Science Department was my host during my stay in Japan
(September 1 to October 11 , 1978). He was head of the department last year (a rotating position) and is
currently very active in a number of national materials committees; his research interests are in mechanical
metallurgy with special emphasis on understanding deformation under hot and warm working conditions. His
efforts on my behalf made my stay in Japan productive , superbly pleasant and very stimulating. Professo r
Nakamura wilt be sixty years old next year , which is the compulsory reti rement age at the Institute ; he will
therefore leave Tokyo to become a professor at the Technol ogical University of Nagaoka in north central
Honshu.

Graduate teaching and research is at a high level in the Materials Science , Metallurgy, and Ceramics
departments. The President of the Institute , Dr. S. Saito, was formerly head of the Ceramics Department. There
are two campuses. One is in Tokyo at O-Okayama and the other one (a new campus) is in Yokohama at
Nagatèuda. Graduate science education will be centered at the Nagatsuda campus and the Materials Science
Department will be moved , almost entirely, to the new campus next year. High temperature metallic materials
research is being conducted by a number of faculty members at the Tokyo Institute of Technology which
includes Professor 1. Nakamura , Professor S. Umekawa , Associate Professor T. Suzuki , Professor R. Tanaka , and

— Professor T. Mon (currently head of the Materials Science Department).

Professor Soekichi Umekawa (one year at Stanford University and two years at NASA Ames La borato ry) is
studying the high temp erature mechanical behavior of composite materials. Two typ es of fiber composites have
been studied. One is a natural grown type , NiAl3 in an aluminum matrix , and the other is a powder metallurgy
product , W fibers in copper. Umekawa is also currently studying carbon fibers in a commercial aluminum alloy

• (Al-Mg). His major recent discovery is that such oriented composites will exhibit severe distortion and
dimensional change under thermal cycling conditions. He attributed this unde sirable effect to interphase
boundary shearing, and excellent evidence for this proposal is shown by structural changes on the surfa ce of the
tungsten fibers. There is no change in specimen dimensions if the second phase fibers are distributed randomly in
the metal matrix. Room temperature prop erties are shown to be influenced by thermal cycling. If a sample is
cooled below room temperature and then heated to room temperature , the yield strength is increase d; samples
cooled to room temp erature sometimes exhibit a decrease In yield strength. He could explain these effects from
the development of internal stress. Composites with a random confi guration of fibers again showed no change in

• room temperature yield streng th from such thermal histo ry effects. Some of these results have been published in
Metailw’gical Transa ctions and in the Transactions of the Japan Society for Composite Materials. Another aspect

• of Umekawa’s work Is his synthesis studies of fiber composites. Two recent methods of composite preparation
are by (1) casting of superalloys (or stainless steel) in bundles of W fiber and (2) solid state bonding by hot
swaglng 0.5 mm fibers of superalloy or stainless steel and 0.5 mm fibers of tungsten. Special attention to the
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interphase bounda ry region by x-ray probe microanalysis is being made . Property evaluation of these composites
is being made by impact flexure bend tests as a function of temperature (up to 1 100°C).

Associate Professor T. Suzuki (one year at Stanford University) is investi gating the tem~, tune dependence
of the strength and phase stability of U2 ordered alloys. The experimental study involves determining the

• strength (hot hardness and creep strength) of polycrysta lline and single crystalline samples of such compounds .
[-Ic is developing a classification of such compounds into those that have positive temp erature dependence of
st rength and those that have negative temperature dependence. From this initial work , he is now studying the
influence of composition on the mechanical behavior of pseudobinary systems of U2 compounds , where one has
a positive temperature dependence of strength and the other a negative temp erature dependence. Examples of
two such systems studied are Ni3 Ge-Fe 3 Ge and Pd3Pb.Pd3Sn. Suzuki has clearly embarked on a difficult and
very basic study of potentially useful intermeta ltic compounds. In another related study , he is investigating the
mechanical properties of Cu 3 Au and Ni 3 Fe ordered alloys. Whereas some investigators consider that these two
ordered compounds should behave similarly, Suzuki thinks that this may not be the case . The configurations of
anti-phase domain boundaries in these two compounds are different (maize-like for Cu3 Au and swirl-like for

• NI3 Fe), and he believes this difference in boundary morp hology should have an effect on mechanical properties.

Professor Ryohe i Tanaka has an excellent creep laboratory where he is conducting basic research with
strong emphasis on improving the high temperature creep resistance of austenitic stainless steels and superalloys.
Associate Professor M. Kikuchi (two years at Argonne National Laboratory) is working closely with Profe ssor
Tanaka. One of Tanaka ’s important fin dings has been published in collaboration with T. Matsuo and 1. Shinoda
(Trans. Jap. Iron and Steel Institute , 63, 1977 , 980-989). These authors showed that a I 7Cn-l4Ni austenitic
stainless steel can be increased in strength by a fourth element solute addition. Large additions (up to as much as
10 atom-percent) of W , Mo , Al , Mn and Cu were considered. I t was shown that the steady state creep rate could
be decrease d by a facLor as high as 100 in studies performed at 700°C. The improvement could not be accounted
for by a change in atom mobi lity, modulus , or stacking fault energy . The authors attributed the improvement in
strength to a lattice distortion factor and showe d a common linear relatio n between lattice distortion induced by
the solute elements and the loga rithm of the steady state creep rate. Tung sten and molydenum were the most
potent solute hardeners. Th~. authors receive d the 1977 Henderson Award of the Iron and Steel Institute of
Japa n for their work. One is tempted to consider the possible contribution of solute atmosphe res on the motion
of dislocations as a possible factor since the temperature of testing, 700°C, is not a very high homologous
temp erature (0.S5Im :l~

Professor T. Mon (four years at Northwestern University) is investigating the influence of stress on
precipitation (or transformation) in Al-Cu and Fe-N alloys (Acta Met. publications , 1978). These thorough
studies , using single crystals , reveal the complex nature of nucleation and growth of precipitates as influence d by
stress. Currnently , Mon is studying the steady state creep behavior of copper single crystals containing silica
particles. He finds steady state creep to occur at strains (= 0.1 to 0.2) considerably smaller than those found in
pure polycrysta lline copper (= I to 2). A unique observation by Mon is that the stress dependence of the creep
rate is linear and the activation energy for creep is about that for dislocation pipe diffusion. He has developed a
creep model oared on the climb of piled-up loops at particle sites as the rate controlling process in creep. The
creep expression developed from the model agr ees quantitatively with the experimental data. It predicts a linear
stress dependence of the creep rate , an activation energy for pipe diffusion , and no effect of interpa rt icle spacing
on the creep rate. This work is currently un~er preparation for publication.

Professor 1. Naka mura ’s current research is on understanding the factors affecting hot wor kability of
materials and on the influence of thermal mechanical processing on mechanical prop erties. His principal
experimental method is use of a hot torsion testing machine wherein samples can be heated rapidly to the test
temp erature and also cooled rapidl y after torsion testing. Hollow cylindrical samples are used to permit study of
uniform plastic strain during torsion testing to determine microstructu re and prop erty changes. Strain rates can
be made to vary from 1O~~ to 10 2 per second. Thus, Nakamura is able to simulate most normal forming
operations (extrusion , forging, and rolling). With the able assistance of his technical associate, S. Hon e, he is
doing work in the following areas:
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I. Recovery and recrystallization mechanisms during hot working in Cu-Al alloys (1, 2 , and 5% Al); a
major objective here is to determine the influence of change in stacking fault energy on recovery and

- :  recrystallization processes during hot working.
2. Hot workability of aluminum and aluminum-magnesium solid solution alloys in the temperature range

350-500°C; an objective here is to determine the microstructura l differences (dislocation density and
subgrain structure) in aluminum as influenced by magnesium at large plastic strains , where considerable
strain induced recovery effects can occur. Magnesium is known to alter the rate controlling process
during plastic flow under creep conditions.

3. A study of the effect of various thermal mechanical processing treatments on the properties and
structure of high strength low alloy (HSLA) steels is being made. The torsion test machine will be used
to evaluate the optimum thermal mechanical processing treatment for attainment of desirable
microstructures and mechanical properties.

KYOTO UNIVERSITY , KYOTO

My hosts at Kyoto University were Professor I. Tamura (one year at Northwestern University) and
Associate Professor T. Maki (two years at University of Illinois). They are in the Department of Metal Science
and Technology, and both are renowned experts in phase transformation with special interest in martensitic
transformation in ferrous materials. A new interest of Tamura and Maki is the mechanical behavior of materials
at high temperature and high strain rate , with special interest in the importance of recovery and recrystallization
during plastic deformation. They are using a high strain rate , induction heated , tensile test unit (Gleeble) for
study of three high temperature alloys: Fe-25Ni-0.4C, 18-8 stainless steel , and Fe-I 2Mn-0.SC. These alloys have
dissimilar stacking fault energy (given above in order of decreasing stacking fault energy). Studies of the
mechanism of recrystallization during hot working are currently in progress. Two of the three alloys investigated
have the additional feature of permitting studies of niartensitic transformation after high strain rate mechanical
working (the M~ temperature of Fe-l 2 Mn-0.5C is below room temperat ure).

Dr. Tamura is a member of a national committee (about 20 members) on superplasticity. It is the function
of this committee to survey trends in this area and to indicate specific research areas where fruitful research may
be done. A national symposium was held three years ago on superplastic alloys and the proceedings were
published in the Journ al of the Japan Society for Technology of Plasticity (1975 , 16 , 907-1036). The symposium
was organized by Professor M. Miyagawa of the University of Tokyo and a large fraction of the papers presented
were on the superplastic Zn -22Al monotectoid composition alloy. One paper was on ferrous alloys by Kobayashi ,
Kamada and Takeoka (Hitachi , Ltd., Yokohama). These authors revealed that Fe-P alloys could be made
superplastic in the temperature range 800-900°C (> 400% elongation , with a strain rate sensitivity exponent
equal to 0.5). The phosphorus content was typically in the range of 1 weight-percent (with —1 .5%Mn , 0.l%V ,
and 0.13%Al). In discussions with Professor Tamura I was under the impression that very limited studies on
superplasticity were underway at the present time in Japan , but that they (the scientists making up the
committee on superplasticity) were watching closely developments in this area in the United States and Europe.
A company called Tamagawa supplies superplastic Zn-22 Al in Japan (TAMA Spz). 1 attended the annual

• meeting of the Japan Institute of Metals (JIM) and Japan Iron and Steel Institute (1151) in Toyama (October 3.5,
• - 1978) and noted that no papers on superplastic deformation were presented.

Professo r Tamura organized an afternoon symposium (Fourth Ferrous Materials Conference) on
superplasticity sponsored by the Iron and Steel Institute of Kyoto on September 20, 1978. Three invited
speakers included Tamura himself , who presented an overview on superplastic material behavior , this author , who
spoke on superplasticity in ultrahig h carbon steels , and Dr. K. ltayama of Kobe Steel (in collaboration with Y.

• Ashida) who spoke on phase transformation (inte r nal stress) superplastic ity and grain refinement. Dr. ltayama
showed results of thermal cycling throug h the alpha-gamma phase transformation region (690-765°C) on the
superplastic properties of a 3.5N 1-l.7Cr -O.3Mo -0.IV steel (0.26% C). The results reveale d that the strain rate
during transformation varied linearly with stress and that this led to high ductility of the material unde r multiple
phase transformations . The heating rate influenced the results such tha t less superplastic transf ormation strain
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was observed with increase in heating rate; this was attributed to the infl uence of strain rate during
transformation on the normal yield st reng th of the mate rial (i.e., the yield streng th without internal stress).
Itayama found good correlation between his results and those predicted from the Greenwood -Johnson model for
phase transformation superplasticity. Multiple thermal cycling led to a grain refinement in the steel (e.g., at a
heating rate of 500°Cfrnin and under a stress of 5 kg. per mm 2 , the grain size decreases from 26pm to 9g.im afte r
one cycle, 5pm after two cycles, 2pm after five cycles, and 1pm after 10 cycles). Grain refinement enhanced the
amount of phase transformation strain ; presumably this is due to a decrease in the inherent strength of the

• - matrix material (without internal stress) as the grain size is refined. The Itayama-Ashida work was very thorough,
• - yielding ~ata amenable to a more quantitative development of the original Greenwood-Johnson model (which

contains a yield strength term 1~, not readil y calculated theoretica lly or dete rmined experimentally).

Professor M. Adachi of the Structural Metallurgy Laboratory, in the Department of Metal Science and
Technology, has been very active on mechanisms of high temperature plastic flow in metallic materials for a
number of years. His most recent publications , in collaboration with his research associate , Dr. S. Kikuchi ,
describe the creep behavior of copper base solid solution alloys. High temp erature deformation (600.700°C) of

• Cu-Mn and Cu-Sn polycrystalline alloys is controlled by solute dragged dislocation motion (stress exponent , n ,
equals about three). Cu-Sn alloys creep abou t ten times more slowly than Cu-Mn alloys and this is attributed to a
difference in size factor between these two alloy systems. In work on Cu-i 5%AI single crystals oriented for single
slip initially , Adachi, Kikuchi and their colleagues find two steady state creep regions (T = 700°C). In the first
stage, only isolated dislocations are observed and the stress exponent for creep is three. In the second stage, a
well defined subgrai n network is established and the stress exponent is about 4.5. Adachi believes solute drag

• dislocation motion is the rate controlling mecha nism in both c”ases and attributes the differences in stress
exponent to a difference in internal stress for the two structures. The ratio of internal stress , T1, to appl ied stress,
Ta’ was found to be a constant in the case of the first steady state region , but TI/Ta was found to decrease with
increasing applied stress for the second steady state reg ion. The internal stress was obtained by the Nix dip-test
(stress-drop test). A plot of steady state creep rate versus effective stress , (r * = T5 — r 1) revealed superposition of
the results for the two stages, suggesting evidence for a single dislocation mechanism . [Another possible
explanation is that when n = 3 , a solute drag effect controls the creep rate wher eas when n = 4.5 , a diffusion
controlled dislocation climb process controls the creep rate (author ’s suggestion)1.

A short visit with Professor Shuji Taira * of the Engineering Science Department (formerly called the
Mechanical Engineering Department) indicated that he is still keenly interested in high temp erature creep and
fatigue behavior of materials. He remains among the top leaders in the worl d in combining applied mechanics and
materials science to predict creep, fatigue , and fracture behavior of materials. Some of his re-cent work on low• cycle fatigue and thermal fatigue is described in several papers published in the Journal of the Society of
Materials Science (May 1978 issue). Taira and his colleagues performed experiments which showed the
mpor tance of grain bounda ry sliding in initiating fatigue failure in 304 stainless steel by thermal fatigue
(400-700 C) and by isothermal fatigue (700 C).

Professor J. Takamura (one year at University of Chicago) of the Metal Science and Technology
Department is emphasizing studies , as in the past , on influence of lattice defects , especially vacancies and solute
atoms, on mechanical prope rties. A recent pap er by Takamura and his colleagues on Ni-Ge alloys has permitted
estimating the stacking fault ener gy of pure nickel. Stacking fault energ ies were evaluated by determining the
deformation stress for twinning at 4.2°K and the results on the Ni-Ge alloy s were extrap olated to 0% Ge. A
value of 149 ± 3 mJ/m 2 was determined for nickel. This result helps to dectde the true stacking fault energy for
nickel , a factor known to influence high temp erature creep of materia ls. Currently, Takamura has shown that the
Hall-Petch relation is valid for pure polycrystalline nickel only when the yield strength is used in the relation.
When the flow stress at large strains is used , the strength varies inversely with grain size rathe r than its square
root. He has developed a relation based on dislocation density variation with strain as influenced by grain size
which agrees with the experimentally observed formula.

*~fl~~ writer received word from Japan that Dr. lain passed away unexpectedly (heart attack) on October 23 , 19 78.
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TOHOKU UNIVERSITY, SENDA!

The largest university materials group in Japan is located at Tohoku Unive rsity. There are three
departments (Metallurgy, Materials Science and Metal Processing) comprising about 65 faculty members . In
addition , another group of professors work at the Research Institute of Iron , Steel and other Metals; one-half of
these professors (about 25 out of 50) give materials cou r ses at the graduate level at Tohoku University resulting
in close collaboration between University and Institute faculty.

During my two-day visit, I visited Professor Karashima’s group in the Materials Science Department at
Tohoku University and Professor Izumi’s group at the Metals Institute. 1 also visited the Metals Museum , whose
director , Dr. Yunoshin Imai , is an emeritus professor of Tohoku University. At the metals museum I saw
examples of the steps used in making ancient samurai swords as well as early steel making (“Tatara ”) processes. I
noted with interest that the initial material for making samurai swords and other tools was a high carbon steel
containing 1 .7-2.0% carbon. The museum is financially sponsored jointly by the Japan Institute of Metals and the
Japan Iron and Steel Institute.

Professor Izumi and his colleagues are very active in th ree areas : superconducting materials , inte rr netalli c
compounds, and interface effects in solid solution and two phase alloys. He and his colleagues are investi gating
the temperature dependence, ductility, and strength of a number of intermetallic compounds such as beta brass ,

• -, TI-Al compounds and Ni3AI-type compounds. One objective is to learn about the factors (such as third element
addition and grain size)- influencing the ductility of compounds. Improvement in ductility can lead to the
development of economical processing of intermetallic compounds for use as high creep resistant materials. Dr.
Izumi’s group is also perf orming in situ SEM studies of the deformation of bicrystals consisting of alpha and b-eta
brass. This work centers on an understanding of the complex deformation occurring near and at the phase
boundary. Their research on this and othe r systems suggests that many intergranu lar boundary failures are
Initiated not by grain boundary sliding bi’~ by slip modes occurring near the bounda ry region.

Professor Karashima of the Materials Science Department and his two principal colleagues , Associate
Professor Hiroshi Oikawa and Assistant Professor T. Watanabe , have been extremely active in st udying
mechanisms of deformation at elevated temp erature (about 15 publications per year come from this group).
Wata nabe (two years at Swansea , Wales) is currently investigating grain boundary sliding and grain boundary
fracture in materials. He has shown that grain bounda ry sliding in zinc bicrystals is not only a function of
misorientation angle (increasing sliding rate with increasing misor ientation) but also of its nature. Grain bounda ry
sliding occurs readily when the boundary is of tilt nature (edge dislocations) but with great difficulty when it is
of twist nature (screw dislocations). Also, the orientation of slip systems to the grain bounda ry plane plays a role
In determining the ease of grain boundary rlidlng; this effect is observed even at large misorientations. H. Oikawa
(two years at University of Florida) is studying mechanisms of deforma tion in solid solution alloys. He is

• currently studying creep behavior of Al-Mg and Fe-Mo solid solution alloys. In an alum inum-2-atom -percent
magnesium alloy, Oikawa has shown that , whereas subgrains will form at intermediate stresses (where the stress
exponent n = 3), they will not form at high stresses (where n = 6). He has concluded that the nature of
deformation is viscous glide (Weertman’s micro-creep model ) in both regions. He makes this conclusion by
determ ining the nature of creep deformation from stress-change tests. The change in value of the stress exponent
with stress Is attributed to the change In dislocation density, p, with stress (p is proportional to stress to the 1 .2
power at Intermediate stresses and to the third power at high stresses). At very low stresses the AI-2%Mg alloy
exhibits a stress exponent of five; he Is currently doing microstructural and creep tests to determine the
mechanism of plastic flow in this range . In the Fe-Mo system , Oikawa finds the stress exponent to change from
five to three with Increasing molybdenum additions, showing typica l transition from diffusion controlle d climb
creep to viscous glide creep. He finds , however , ~hat subgrains form in all alloys studied in contrast to the case of
Al-Mg alloys whe re subgrains do not form when the magnesium content in solution is high (about 5 atom-percent
magnesium). Clearly much needs to be done in understanding why subgrains form in some systems and not in
others. He is attempting to understand the function and importance of subgrains when they appear to contribute
to the strengthening process. New work by Olkawa is centered on the creep behavior of low stacking fault energy
materials like lead and Cu-Al solid solution alloys.
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A visit to the high voltag e electron microscopy laboratory (I million volts) permitted observation of a
movie on dislocation motion in silicon and germanium at elevated temperature . This interesting movie, prepared
by Professor K. Sumino , revealed dramatic operation of Orowan’s Z-Mill type dislocation sources as a veiy
common occurrence; that is, a dislocation is seen to whip around repeatedly as the dislocation origin remains
attached to an immobile dislocation segment below it.

Short visits were made at several industrial laboratories and at one government laboratory . Some general
observations of these laboratories are briefly given in the following.

NATIONAL RESEARCH INSTITUTE FOR METALS

The National Research Institute for Metals (NRIM) is located in Tokyo. There are approximately 500
researchers, technicians and support staff. The laborato ry is directed by Dr. Torn Araki (currently President of
the Japanese Institute for Iron and Steel). Considerable research on high temperature materials is under
Investigation at NRIM. Many of the research papers on creep and fatigue behavior of high temperature materIals
are published In the Transactions of the NRIM (a bimonthly journal) and in the well publicized NRIM Creep
Data Sheets. Dr. Renpei Yoda is in charge of the creep testing division (there are over 1100 creep units in
operation) and much of the data is being analyzed and computerized in a most thorough and impressive way.
Predictive aspects for extrap olation of stress-rupture data are being done by Mr. Yoshio Monma (one year at
Stanford University) who was my host for the afternoon visit. Dr. M, Yamazaki (two years at Massa chusetts
Institute of Technology) is perfor ming research on development of new superalloys for high efficiency gas
turbines. His methods in alloy design utilize a mixture of good physical and chemical metallurgy knowledge as
well as knowledge of existing creep property-chemical composition correlations. Considerable emphasis is being
placed on creep of nickel-base superalloys for Japan ’s HTGR program . Dr. Tomoyuki Takeuchi does experimental
and theoretical studies on time dependent plasticity. His recent pap ers relate to the elevated temperature
mechanical propertIes of Cu-lO% Al alloy single crystal as a function of crystal orientation. Takeuchi described
to me some of his past considerations on the influence of cell structure on the creep behavior of pure 8CC and
FCC single crystals. His theoretical treatment led to some rather remarkable predictions on the nature of
stress-strain and creep curves as influenced by previous strain rate and temp erature history (Jnl . Phys. Soc. of
Japan, 32, 1972, 677.693). Thus , Takeuchi joins that small group of theoreticians and phenomeno logists who are
attempting the difficult task of describing and predicting stress-strain-strain rate-temp erature history effects on
plastic flow of crystalline solids. Dr. S. Takahashi recently described the influence of melting under low gravity
conditions on the microstructure and prop erties of a silver-silicon carbide (whiskers) composite (AIAA Journal ,
1978, 16, 452457). These experiments were performed in NASA’s Skylab program. Dr. Arald and Professor S.
Umekawa (of the Tokyo Institute of Technology) are members of a joint Japan-U.S. committee whose function
Is to determine additional experiments on NASA’s manned space shuttle program for 1982.

FUNDAMENTAL RESEARCH LABORATORIES (FRL)
NIPPON STEEL

At the Fundamental Research Laboratories of Nippon Steel (largest private steel company in the world) we
were hosted by Dr. H. Okada (Director of Research) and his colleagues, S. Abe, Y. Hosoi and T. Murata (two
years at Ohio State University). Professors T. Nakamura and S. Umekawa of TIT accompanied me. It was an
especially touching visit for me since a number of FRL staff studied a videotap ed course on time-dependent
plasticity that I had prepared at Stanford University. My lectures were transcribed In to notes written in Jap anese
and my lectures apparently were found very useful as a means of learn ing conversational English ; the notes even
contained a glossary of “American colloquial rema rks” that I had used In giving my lectures. High temperature
materials research at FRL is pursued extensively, includ ing alloy development work on HTGR materials , in ~tu
observations of structural changes in ferrous materials at elevated temp eratures are being performed with the one
million volt electron microscope located at the laborato ry ; some of the many Important and Interesting
observations are described in several recent papers by M. Tasnino , S. Sakata , H. Komatsu , H. Morikawa and 1.
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Sato (Fifth International Conference on High Voltage Electron Microscopy , Kyoto , 1977).

TECHNICAL RESEARCH CENTER
NIPPON KOKAN

My hosts at the Technical Research Cente r of Nippon Kokan in Kawasaki City (near Yokohama) were
Director of Research G. Suzuki , Emeritus Director K. Horikawa and Dr. K. Kinoshita. My visit was centered on
discussions with Dr. Kinoshita on their high temperature materials research and with Dr. Horikawa on our mutual

- 

- interest in early Japanese steel making (Dr. Hor ikawa is currently a full-time consultant to NICK althoug h retired
as director of research last year). I also visited the Ohgishima steel plant of NICK. This new plant is a fully
integrated steel plant constructed on the man-made island of Ohgishima in Tokyo Bay adjoining Kawasaki and
Yokohama. It is a phenomenal engineering feat; I saw the BOF operation and the continuous casting slab mill
operation. Dr. Honkawa is a member of the Committee for Restoration of the Tatara Iron Making Process. This
committee was responsible for creating a new Tatara shop (near Yasugi, Shimane , west coast of Hon shu island),
which is Jap an’s only existing cultural treasure of this ancient art . Details of this restoration process are given by
Y. Matsushita , Emeritus Professor of Metallurgy at the University of Tokyo (Proceeding ICSTIS, Suppi. Trans.,
iSIS , 11, 1971).

CENTRAL RESEARCH LABORATORY
SUMITOMO METALS INDUSTRIES , INC.

The Central Research Laborato ry of Sumitomo Metals Industries, Inc., is located in Amagasaki City (nea r
Kobe City). There are about 800 employees. My principal host was Dr. Tatsuro Kunitake (two years at Carneg ie
Institute of Technology ) who leads the fundamental research department and also assists Dr. T. Shiraiwai in the
advanced planning department. Considerable research and development work is being done on heat resistan t
materials. Among the principal alloys recently developed and manufactu red by Sumitomo are : (a) HCS steel , a
carbon steel containing 1 .2%Mn used up to 450°C, (b) HCMV , a 0.2Cr-0.3Mo -.05V steel used up to 525°C, and
(c) 9Cr-2Mo fer ri tic steel for use up to 625°C (this is a very new steel). They have also developed a highly
alloyed steel for use at 1000°C (two years service) for cracking or reforming tubes in the petroleum industry .
This material is designated HK 4M (25Cr .25Ni-.3Ti-.3Al , plus boron , balance Fe), and is a wrought product that
rivals the cast material HK 40 which has less ductility. It is principally a solid solution hardened material which
Is strengthened at the grain boundaries by the presence of boron nitrides . New hot working slabbing rolls have
been developed by Sumitomo which are highly resistan t to thermal cracking as well as to wear. Il ls known as
NS steel and contains typically 2.2%C , 2%Si, 0.4%Mn, 0.3%Cr , 0.349%Mo and .044%Mg. The micro-structure
consists of globular graphite in a mat rix of pear lite (of about eutectoid composition). Apparently the presen ce of
the graphite globu les inhibits crack propagation.

F CENTRAL RESEARCH LABORATO RY
KOBE STEEL

The Central Research Laboratory of Kobâ Steel comprises a staff of about 350 emp loyees. My two hosts
were Dr. Sadao Ohta and Assistant Manager Eiichi Sato. Research programs that were undertaken at the
Laborato ry were chosen in a rather special way. About th irty percent were selected from proposals submitted by
individual researche rs , about thirty percent were determined by the assistant manag er and general manager , and
another thirty percent were from requests by the va rious divisions of Kobe Steel . The remaining ten percent
represent prog rams in cooperation with other societies or institutes (such as high temp erature materials research
with NRIM). High Incent ives for patenting were given including sharIng of royalties by the inventors . About 100
patents are issued per year (the company objective is about 200). Kobe Steel is a major producer of ferrous
powders and has developed a number of high speed tool steels throug h powde r metallurgy and hot isostatic
pressing. A new alloy Is M2N (0.9% C, 4.l2%C r , 4.98%Mo , 6.6%W , 2%V , O.035% Co and 0.4%N); the primary
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hardenIng agents are vanadium carbides and nitrid es in a fine grained ferrite matrix (about 5Mm). Dr. Obta is
doing considerable studies on the creep behavior of highly alloyed austenitic stainless steels (used up to 1000°C).
The Laborato ry is also engaged In research on mechanical properties of Zirca lloy and titanium alloys, Including
super plastic forming of the latte r materials.

— NA~ ASAKI TECHNICAL INSTITUTE
MITSUBISHI HEAVY INDUSTRIES

At the Nagasaki Technical Institute of Mitsubishi Heavy Industries, I was hosted by Dr. S. Ueda , Vice
Manager of the Institute and Mr. T. Dslkoku , Manager of the Materials Research Laboratoty . The Institute is a

r large research and development laboratory dedicated to studies of ships and prime movers (boilers, steam turbines
and diesel engines). During my visit of the several laboratories comprising the Institute I was very Impressed by
the unexpectedly good speakIng knowledge of English by the engineers I met. Apparently , It Is Mitsubishi’s
policy to give lessons In English conversation during the first three to six months of the trainee’s initial program
at the Institute . Shipbuilding Is Mitsubishi Heavy Industries main busIness. 1 was ImmenseLy impressed by the
high technology used In the building of the new Nagasaki Shipyard Koyagi Works completed in October 1972;

• the Mideast oil crisis, alas for Mitsubishi, changed the demands for construction of large vessels. In an attempt to
diversify, Mitsubishi is entering Into the field of nuclear power plants. This new policy is reflected in new
research on materials for HTGR and In studies of cosl gasification and liquefaction. Creep test facilities for
studies of nickel-base super-alloys at 1000°C In a pure hclium environment are nearly completed. A pilot coal
gasification and liquefaction plant Is also nearly completed and will soon be operational.

, .
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u.s -JAPAN JOINT SEMINAR ON MULT ICOMPONENT POLYMERS

Kenneth J. Wynne

My visit to Japan was primarily arranged in response to an invitation to attend and chair a session at the
U.S.-Japan Joint Seminar on Multicomponent Polymers, 17-22 December 1978 in Kyoto. This meeting was the
fourth in the series which began in 1965. Of these meetings two have been held in Japan .

At this meeting there were 39 attendees /participants from Japan , 14 from the U.S. and 5 from “thir d
countries ” including A. Eisenberg, Canada , G. Relss, France , V. Pr ivalko, USSR (on leave of study in Tokyo for
one year), and J.L Duda and C.C. Un, Taip ei.

The program began on Sunday , 17 December , with a registration /organization session. The formal papers
began on Monday morning and approximately 45 minutes were allotted to each of the 30 papers . Because of the
specialized nature of the meeting considerable discussion followed many of the papers. Below, a brief summary
is given for a number of talks to give a general idea of the content of the Seminar . No attempt is made to be
comprehensive as the pap ers will be published as a group in the Journal of Macromolecular Sciences and Physics.

Dr. D. Meier , Midland Macromolecu lar Institute , led off the program and outlined the general background
and theory for block copolymers. He described the general morpholog ical features observed for such polymers,
i.e., lamellar and cylindrical or spherical structures. Lamdllar or alternating layer structu res are observed when the
number of A and B units are approximately equal , while cylindrical or spherical structures develop when A and
B chain length differ substantially. While the ratio of components determ ines morphological shape , chain length
of the blocks determines domain size. Such morphological characterization is necessary for understanding
physical and mechanical properties. Meier furthe r described a theoretical approach to the description of swelling
equffibria in A-B-A block copolymers. This theory was applied to swelling data on a styre me-isoprene-styrene
trib lock copolymer where iso-octane was used to preferent ially swell the B block (Uchida , 1972). Using these
data M~, the molecular weight between crosslinks , may be calculated to be 8,030 as compared to the known
molecular weight of the B block (24,800). The less than expected swelling Is explained by invoking chain
entanglements , I.e., about two or three per chain . In contrast , there is an order of magnitude difference between
these results and those obtained from the Flory-Rehner equation (M~=700) where upwards of 30 crosslinks per
chain must be postulated . Whethe r chain entang lements are the real reason Meier ’s results are off by a factor of
three is unknown , as a quantitative method for determination of chain entang lements is not available .

• Professor H. Inaga ki of Kyoto University described the problems involved in the measurement of molecular
weight vs composition distributions (MWD vs CD) in block copolymers. Block copolymeriza tion generally
proceeds to give narrow MWD’s, but this does not mean CD’s are narrow as well. Rather , broad CD’s are
expected. There are few methods for determining CD’s, yet this knowledg e is important to the quantitative
description of domain structures in block copolymers. Progress In the development of an improved
chromatograp hic method for the determination of CD’s was described as app lied to a polystyrene (PS)/poly.
(methy lmethacrylate) (PMMA) diblock copolymer. A special segmented column was used to separ ate polymer
fractions. Analysis of the fractions demonstrated considerable compositional heterogeneity . These results were
Independently confirmed by light scattering experiments on copolymer solutions.

Monday afternoon ’s session was devoted to the viscoelastic prop erties of block and graft copolymers.
Professor M. Shen (UnIversity of California , Berkeley) pr esented an extension of his theoretical work to include a
molecular theory of vlscoelast lclty for homogeneous block and graft copolymers. Maximum relaxation times were
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calculated using a modified Rouse, Bueche and Zimm bead and spring model for graft copoiymers and radial
block copolymers with different numbers of side chains , various side chain Lengths and spacanga between grafts.

Professor Stuart Cooper (University of Wlsccnsln) spoke on the viscoclastic behavior of short segmented
block copolymers. Small angle X-ray scattering (SAXS), small angle light scattering (SALS), infrared dlchroinn

• and stress-atrain experiments were used to characteriz e th. structu re-property relationships In a series of
polycaprolactam polyurethanes and a series of polyether-ester-copolymen. Dr. Cooper made the point that
microphase separation influences the properties of these materials to a much greater degree than hydrogen
bonding which frequently has been invoked incorrectly to rationalize properties.

The sessions on Tuesday morning and one on Tuesday afternoon concerned the morphological behavior of
block and graft copolymers. Dr. G. Reiss (Ecole Nationale Superleure de Chemie de MuLouse, France) discussed
the emulsifyIng effects of block and graft copolymers in the case of model systems like polyblends of polystyrene
(PS) and polylsoprene (PT). He discussed new approaches to lmpact .resistant polymeric materials and the design of
new morpho logies for two-phase systems. Thus, for example, he presented the design and synthesis of an unusual
“onion” morp holo~ ’ in a PS/PS-PI(l)JPS-PI(2) polymer blend. Here , PS-PI( I) is a block copolymer forming the
dispersed phase and must have a composition around 50/50, leading in the pure state to a mesomorphic phase of
lamellar type and PS-PI(2) is a block copolymer acting as an emulsi fier having a similar composItion but higher
molecular weight than PS-PI(l).

In this sime session, Professor K. Kurita (Nihon University) presented SAXS results on styrene-but adiene.
styrene (SBS) block copolymers . In particular , the effect of 1,2 addition (vinyl) component in polybutadiene and
the effects of casting solvent on the formation of various domain structures in SBS copolymers were established
using SAXS and electron microscopy. Thus electron micrographs of methyl ethyl ketone cast films of “SBS-2”
which contained 12% vinyl groups showed a granular PB phase embedded in a PS matrix due to the selectivity of
the solvent for P~. In contrast , the PB domains are larger and continuous in films cast from benzene .

Continuing with this theme Professor H. Kawal (Kyoto University) gave a paper on the microdomain
structure and related prop erties of block copolymers. He focused on the plastic deformation behavior of di. and
tn -block copolymers. He utilized electron microscopy and stress/strain measurements to further elucidate the
nature of the plastic-to -rubbery transition that occurs in certain SBS/PS polymer blends studied earlier by Shen .
Structural reformation of orIginal lamellar domains disrupted by extension was demonstrated at temperatures as
low as 60°C in ten minutes . How this remarkable super-macromo lecular mobility takes place well below Tm is

• not completely clear and is worthy of additional study.

Professor R.S. Stein , University of Massachusetts, spoke on scattering studies from polymer blends on
Thursday morn ing. Dr. Stein is clearly a reigning dean of the polymer science community and gave an Incisive

~nd authoritative lecture on the use of scattering studies to define and measure inhomogeneitles in polymer
blends. It was pointed out that polymer blends can exist in various morphologies ranging from a completely
mixed amorphous system (e.g., PSIPoCLS, where P0CLS poly(orthochlorostyrene)) below its lower critical
solution temperature to a system containing mixed crystals as In polyethylene terephthalate (PET)/polybutylene
terephehalate (PBT) blends. SAXS, small angle light scattering (SALS) and small angle neutron scattering (SANS)
were used to examine mixtures of a number of polymer blends Including PVC in (e.caprclactons), isotactic PS In
atactlc PS, PS In PoCLS, and poly(paralodostyrene) In PS.

Dr. RE. Cohen (Massachusetts Institute of Technology) presented his recent research on muLtiphase
rubbery polymers Including synthesis, characterization and physical propertIes. H. discathsd the synthssis of 

-Jpolybutadl.ne (BR) and polylsoprene (lit) homopolymers and diblock copolynwis and etu~ us on blends of
various compositions. This system was somewhat unusual In thee the homopolyms,s f~,nwd heteinginacue
blends, while three diblocks with mole ratios of BR/JR of 2:1 , 1:1 and 1:2 were homogeneous. Various binary
blends of one of the diblocks and one homopolymer were also homogeneous as wets a few ..muy blind..

The session which I chaired on Thursday morning Included a pepsr p..uMed by Dr. V. m.d. (Ib.rsgi
University) on the formation of interpolymer complexes. An example of rich a “coim iex” or blind or
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“coscervate” would be the product of the interact ion of a polycatlon with a polyanlon. Others are formed
through hydrogen bonding, e.g., those between poly(carboxyllc acids) and poly(N.vmnyl pyrrolidone). Dr. Osada
reported a study of the effect of Increasing oligo cation chain length vs. complex stability which showed that
stab ility increased markedly with increasing cation oligomerlzatlon. This increased stability with Increasing
cosvssctlvlty of cation sites may be likened to the chelate effect in metal coordination chemistry. In both cases
increasing coordinating site connectivity causes a more favorable entrop ic term leading to overall greater complex —

stability.

On Friday , Dr. K. Shibayama of Mitsubishi Electric gave a talk on new heterop hase polymer systems. His
presentation centered on a study of the dynamic mechanical properties of interpenetrating polymer networks
formed from UV.polymerlzation of a monomer In an existing polymer framework. Such interpenetrating polymer
networks (IPN’s) exhibit good damping behavior over broad frequency ranges and are potentially of use for the
isolation of electronics and mechanical equipment.
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MARINE SCIENCES IN THE NIIGATA AND
SADO ISLAND AREA

Francis A. Richards

Various aspects of marine and other ~aquatic research are carried ou t in the Nilgata region on the Japan Sea
Coast. The Japan Sea Regional Fisheries Research Laboratory of the Fisheries Agency is there and the Faculty of
Science, Niigata University, operates the Sado Marine Biological Station on Sado Island. The Department of
Biology of the Faculty of Science is also involved because it is the home department of Professor Yoshihara
Honma, the Director of the Sado Station. Sado Island is also the site of the Niigata Prefectural Fishery
Cultivation Center , which , althoug h not a research organization per se does experimental work and collects
statistical information of scientific value .

Niigata is a new university, founded in 1949, which occupies a handsome , spacious campus on the edge of
Niigata City. It now has a student body of about 7000, admissions being limited to 1600 each year on the basis
of stiff entranc e examinations—the standard Japanese procedure. There are faculties of Agriculture , Science,
Engineering and Technology, General Education , Literature and Law, and Medical and Denta l schools. The latter
are older than the rest of the university and are the only two units that offer doctor ’s degrees. These schools are
in the city, not on the main campus , and have descended from the old Imperial Medical School. It is planned to
separate the Literature and Law faculties and to add a Faculty of Economics.

So far as I could determine the only research in aquatic sciences is in the Department of Biology , which
offers Master’s degrees in both Zoology and Botany. Within the department there are specialists in immunology ,
comparative endocrinology, animal physiology, cytology, and physical chemist ry.

Dr. Honma is a specialist in the endocrinology of cyclostomes—lam phreys and hag fish . However , he has also
worked on the taxonomy of fish , the fish fauna , and the zoogeography of the Japan Sea. He has desc ribed some
550 species of fish from the sea , specializing in the cyclostomes around Niigata.

The Sado Marine Biological Station was mentioned by Gorbman in his article on Japanese Marine
Laboratories (Scientific Bulletin , Vol. 3 No. 2 , 1978). The Station has research laboratories , a small librar ) , a
research museum containing thousands of specimens collected from the waters adjacent to Sado Island , sea water
aquaria for both teaching and research , and several small boats and a jeep for collecting.

The Japan Sea is calm in summer but not so in winter , and most collecting must be done in the calm
• season. In spite of this limitation , there is a wide variety of fauna and flora . The warm Tsushima Current flows

along Sado Island as a surface current but the deeper water is cold. Thus the upp er benthos tends to include
temporal and subtropical species while the deeper-living animals are borea l and subarctic.

There are only two members of the permanent staff , Dr. Honma and his assistant , Mr. Takehiko Kitami,
but the laborato ry Is visited by over 1000 students and researchers each summer. l’hirty overnig ht visitors can be
accommodated in the domitory and lodge , both buildings having three Japanese style rooms.

The research in progress at the laboratory tends to reflect Dr. Honma’s specialities , irn luding piscine
endocrinology, reproductive biology of marine invertebrates , and ecology of sedentary animuls , especially
barnacles and tunicates.

Ii ~ 
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A somewhat different line of research was being pursued by a visiting scientist , Dr. .Ju-Sbey Ho of the
Department of Biology of California State University at Long Beach. His specialty is the zoogeography of marine
parasites, using the parasites as an indicator of the phylogeny or racial history of the host organisms. He is
particularly interested in parasitic copepods and has published on the taxonomy of these organisms from New
Zealand, Australia , West Indies, Galapagos Islands, Peru, Chile, Venezuela, and Formosa In addition to the United
States. He prefers to work on the parasitic copepods (sea lice) of fish, because they are quite common and in

— addition they are good indicators of the food source of the fish—that is they can indicate whether the fish are
benthic or pelagic feeders. Ho is also studying the parasites of molluscs such as limpets, snails, nudibranchs, and
abalone.

Ho is completing a study of the host.specific parasitic copepods of seven species of hake distributed from
the North Atlantic to the North Pacific. The number of species of such parasites infesting the fish decreases from
three or four in the North Atlantic to only one or two in the Pacific species. Ho reasons that this indicates that
the Pacific species have evolved more recently than the Atlantic species. Because parasites have both a macro and
microenvironment, they tend to evolve one step behind their hosts, and this conservative evolution helps establish
the phylogeny of the hosts.

Ho’s interest In the Japan Sea arises because only a few studies of the parasites in the sea have been carried
out by Russian scientists from Vladivostok. The Japan Sea Is a young sea, so there are many host-specific
relationships, and Ho is making a general survey. The museum collection has been helpful in his studies, and fish
specimens are also gathered from local fishermen, who are willing to give him the kind of fish he is most
interested in— ”sick” fish debilitated by parastic infestation.

The Faculty of Science publishes the Annual Report of the Sado Island Marine Station Niigata University.
Vol. 1 appeared in March , 1971. The Reports include original research papers, tabulated oceanographic
observations, and a list of the publications from the station. The papers are in English, except species lists , which
of course use Latin designations along with the Japanese names when such exist. The 1978 Report (No. 8) has
an article by Honma and Kitami on the flora and fauna of the waters adjacent to the station that lists 2 125
species.

The oceanographic observations are made at three stations and include temp erature at seven to nine depths ,
water color , and transparancy, observed generally three times a month throug hout the year. The first such
observations were reported In No. 2 (1972) and included the period J anua ry 1967 to December 1970.

The Japan Sea Regional Fisheries Laborato ry is one of the eight regional research laboratories of the
Fisheries Agency under the Ministry of Agriculture and Forestry . Founded in 1949, the Laborato ry is at 5939.22

• Nishifunami-cho, Hamaura , Nilgata .shl , Niigata .ken (Post code 951 , Telephone 0252.28-0451). It has
• approxImately 20 scIentists supported by a staff of 21 and a crew of 12, which operates their research vessel, the

MIzuho-maru~ The Director Is Motosugu Hamabe ; the organization contains an Administrative Assistance Office , a
Division of Resources Research headed by K. Salahu, and a Division of Coastal Fisheries Development.

As with all the Fishery Agency Laboratories the objective is to improve the catch of fish . With the general
imposition of 200-mile economic zone limitations , It behooves the Japanese to impr ove their coastal fishing. With

— this highly pract ical aim, much basic research is carried out In marine biology, ecology , and oceanography .

The Division of Resources Researc~i has sections for pelagic fish , bottom fish , and descriptive
oceanography. They are mainly concerned with the population dynamics of fish , molluscs, and shrimp. The
Division of Coastal Fisheries Development has sections for plankton (mainly zooplankton) studies, fish nutrition ,
and aquaculture. Sometimes the names fail to reflect accurately the activi ties of the sections , and special projects
are s~lgned to the laboratory by the central Fishery Agency. The long-term work of the section is concerned

• with problems of the diet of fish In culture; the ecology of sandy and rocky beaches and Its relationship to
oysters and other bivalve flat fish , and rock fish; and studies of plankton and its role as food for both wild and
cultured fish . At present the laboratory Is working on special projects on the propagation of tat (sea bream or
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red snapper) aid of salmon , especially the “Japanese ” salmon Oncorhynchus keta. There are about 100 salmon
hatcheries on each of Honshu and Hokkaido islands , so improved methods of cultivation are important. The
work of the laboratory is directed toward such matters of husbandry as improving hatchery methods, improved
nutrition , and improved techniques in general. However , the studies also include basic matters of river mouth
ecology and studies of the natural enemies of the salmon in rivers and coastal waters. This work is in cooperation
with the prefectural fishing station at Nagaoka.

The tat fishery and culture are important sources of this choice fish (Pagan~s nw/or). Although the fish are
grown extensively in culture , their life history in nature is essentially unknown. A network of 40 stations has
been occupied to help determine spawning grounds and times, growth dynamics , and reproduction. Many tat are
cultured in hatcheries and laborato r ies , and the studies have been aimed at determining their distributions after
release to the environment.

Japan Sea fisheries for common squid Todarodes pacificus (Surume-ika ) have usually been along the coast ,
but recent surveys have shown that there are good stocks offshore. Studies at the laboratory have helped
establish some ralationship between the hydrography of the Japan Sea and the life history of the squid.

• The upper layers of the Japan Sea are dominated by the Tsushima warm current from the south . Analyses
of long term temperature data had led to the conclusion that there are three main branches of the current. More
recent , more synoptic observations suggest that the current actually meanders.

The squid have a life history from spawning to commercial size of about one year. The Japan Sea
population spawns off the southern Japanese island of Kyushu. The larval squid are planktonic and are carried
northward by the Tsushima warm current to off the coast of Hokkaido, where they grow to a length of about
20 cm. In September they begin to migrate back south to spawn and are caught in the coastal fisheries of
Honshu. Although it is difficult to get good biological data in the field , it appears that the main food of the
squid is amphipods , small sardines , anchovies, mackerel and other fishes.

The main function of the section on Descriptive Oceanography is the monthly publication of charts of the
horizontal distribution of temperature in the Japan Sea at the surface , 50, 100, and 200 m . The data on which
the charts are based come from a variety of sources. Their own ship makes regular observations , occupying
conventional hydrographic stations with samplings at 0, 10, 20, 30, 50, 75, 100. 150 , 200, and 300 m with
Nansen bottle casts. These observations are compiled along with data from 12 prefectural fishing stations , the
Marine Observatory at Maizuru , the Defence Agency, and the Mariti me Safety Agency. Some of the agencies also
observe salinity, but the data are usually not very coherent and are not include d in the monthly publication.
Some bathythermograph (BT), expendable bathythermograph (XBT), and salinity-temperature -depth recorder
(STD) data are used in preparing the maps. Occasion ally nutrient observations are made by the laboratory .

The Japan Sea Regional Fisheries Research Laboratory occupies a modern , well-kept two-story building
built in 1965. There are auxiliary tanks , aquaria , and a running seawater system. It has much new and modern
equipment , including particle counter equip ment and associated computer , capa ble of counting particles down to

• the micron size range . I was shown a Nikon microscope especially equipp ed for color microphotography with
automatic exposure metering, and a Softex type CSM soft X-ray machine , useful for checking fish anatomy
without dissection.

In addition to the Illustrated h ’ydrogr ap hic Report of the Japan Sea (monthly), the laboratory also
publishes the Bulletin of the Japan Sea Regional Fisheries Research Laboratory, biannually in Japanese with
English abstracts and in English; and the Japan Sea Fisheries Research News, published seasonally in Japanese .
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MARINE SCIENCES IN NAGASAKI

Francis A. Richards

SEIKA I REGIONAL FISHERIES RESEARCH LABORATORY
FISHERIES AGENCY , MINISTRY OF AGRICULTURE AND FORESTRY

Each of the eight regional research laboratories of the Fishery Agency has its own territory within which it
— 

is responsible for providing advisory services to commercial fishermen and for establishing catch levels for
maximum sustainable yields. Much of the work of the laboratories consists of standard statistical studies based
on catch records and involves little basic research. On the other hand , the laboratories have special problems
characteristic of the specific flora , fauna , and environmental conditions in their regions. Thus basic oceanograph ic
observations and studies, fundamental marine biology, geological, and chemical studies may be a part of the
prog ram of a laboratory.

The principal territory of the Se kai Laborato ry is the Yellow Sea (between Korea and China) and the East
China Sea north of 250 N latitude , eastward from the China coast to longitude 133° East. The area is
commercially important , being responsible for 20% of the total Jap anese fishery. The annual catch is some

— 

- 230,000 tons of demersal fish and 600,000 tons of pelagic fish . About 20% of the value of the fishery comes
from aquacul ture , about one-half of which is due to the pro duction of Forphyra sp. (Non , widely used in
Japanese cuisine). Sea bream , yellowtail , and pearls are also culture d in the area.

Oceanographically the area is complex. The main current of the north-flowing Kuros hio turns right along
the Pacific Coast of the Japanese islands , but a branch , the warm Tsushima Current , continues on a more
northerly course into the Sea of Japan (between Japa n and Korea). The warm current bring s with it warm water
species and , in the East China Sea , meets and mixes with cold waters flowing southward from the Yellow Sea.
This leads to a complicated and interesting frontal system, the position of which ~an be expected to change
seasonally and secularly in response to variations in the flow and meandering of the Kurosh lo. The frontal system
is not only an interesing physical pheno menon but it is also a favored spawning place, nursery ground , and the
site of the fishing grounds for mackerel and jack mackerel .

The Seikai Laboratory has divisions for pelagic and demersal fish resources and for oceanography. There are
also two laboratories (pelagic fish and demersal fish) at the Shimonoseki branch. The main laborato ry operates— 

the Research Vessel Yoke Man.i, 213 tons , which will be replaced in 1979 or 1980 by a new 500 tonner. The— 

laboratory was founded in 1949 and has 40 research personnel, 24 research vessel crew members , and 20
technicians and other employees. The address Is 49 Kokubu- cho , Nagasaki , Japan 850.

As part of the function of the Oceanography Division, extensive long-term regional studies of physical
oceanography, bottom sediment distributions , and phytoplankton and zooplankton distributions have been
carried out. Because of the importance of the demersal fishery, special emphasis has been put on the
relationships among the bottom fauna , envi ronmental factors , and demersal fishes. Bottom drifters have been
used to investigate bottom currents , nd there have been extensive sediment samplings, sediment size distr ibution
determinations , and compositional analyses. Var ious temp erature and salinity functions have been determined
from 10 years of data , as have wind speed and dire ction , velocity sections , surface current maps, and water
transport through selected sections. i’he oceanographic data come from their own observation s, from the

— - Nagasaki Marine Observatory (Meteorological Agency), the Nagasaki Prefectural Institute of Fisheries, other
prefectu ral laborato ries, and the Korean Institute of Fisheries.

- L -~~~ 
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Another program of the Oceanog raphy Division is concerned with red tide studies in coastal waters , the
long term object being to learn how to control and treat these outbre aks . Laboratory experiments are being
carried out to learn how to inhibit the growth of a dinoflagellate of the genus Olisthodiscus. It has been learne d
that the introduction of clay particles can precipitate plankton cells , and one experiment has been carried out in
nature at a prefectural fishery laboratory . The bloom organism was Cocolodinium sp. and 200 to 400 grams per
square meter of montmor illonite or kaoline clay were introduced. A question raised by this experiment concerns
the events accompanying the decomposition of the cells so precipitated. The long term efficacy of the method
and its eventual effects on the benthos need to be determined.

- The Demersal Fish Resource Division is concerned with fishery biology and communit y ecology. Most of
the fishery biology effort is directed toward the evaluation of populations and fishing management. Some life
history studies are carried out , but little is done on physiology . The ecology group has come to realize that it is
necessary to work with groups of species as a whole , rather than with single species. They are mainly concerned
with groups of fin fish , squid , and shrimp. Their data come largely from reports from commercial fishermen;
they conduct little or no experimental fishing. Because the main purpose of the laborato ry is to determine how
to use the fish population effectively, the more basic problems of the limitation placed on fish production by the
amount of primary production (photosynthesis) and seconda ry production (zooplankto n growth ) have not yet
been systematically approached.

The Pelag ic Fish Resources Division is doing conventional fishery studies of mackerel, jack mackerel , and
sardines. They are also investigating the effects of warm wate r effluents on plankton growth and distribution .
Scientists from this division are involved in a project aimed t oward mass production of zooplankton organisms to
be used as food for fish larvae in culture . Scientists from the Seikai Laboratory , prefectural laboratories at
Nagasaki, Fukuoka, and Kumamoto, Kagoshima University, Mie University, Kumamoto University, and Hiroshima
University are cooperating on this project. At Mie University they have succeeded in producing a sustained yield
of 2 to 4 kg wet weight per day of the semi-.benthic copepod Tigniopus sp. japon icus per 200-ton tank for an
indefinite period.

The Laboratory publishes the Bulletin of the Seikai Regional Fisheries Laboratory semiannually in Japanese
with English summaries. No. 51 was published in March 1978 and included articles on chemical and physical
oceanography, studies of benth ic organisms and pelagic fish , and on the use of echo sounders in fIsh finding.

NAGASAKI MARINE OBSERVATORY
METEOROLOGICAL AGENCY, MINISTRY OF TRANSPORT

The Nagasaki Marine Observatory is now 100 years old and has been making oceanographic observations in
the Yellow Sea and East China Sea continuously for 30 years. Its organization under the Director , Kojiro
Yamagishi, is similar to that of the other three Marine observatories of the Meteorolog ical Agency , Ministry of

• Transport , with sections for oceanography, weather forecasting, marine meteorology, and weather observation.
The Observatory operates the 267-ton Chofu Maru and has a branch at the Nagasaki airport . The Chie f of the
Oceanography Section is Hideo Akamatsu. There are 84 staff members, of which 12 are in the oceanography
section.

The Chofti Maru occupies a grid of oceanogra phic stat ions in the East China Sea north of 24° N latitude ,
east of the Chinese coast to 130° E. longitude , and south of 34° N latitude four times a year. The observations
include physical , chemical , meteoro logical , and biological variables , and pollut ion by hydrocarbons , floatables ,
and heavy metals are monitored. The area includes one of the ocean data buoys of the Meteorological Agency at
28°20’N, 126°05’E in 11 5 m of water. The bouy transmits data to Tokyo every three hours—except for one
interruption when the transmitter was stolen and for a brief annual period for servicing.

The Ten-day Mar ine Report of the East Oibsa Sea is distributed by the Observatory to about 150
users—fishing companies, government and university :OratOnes . branches of the Meteorological Agency on
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those, the Maritime Safety Agency, and the Fishery Agency. The sea surface temperature maps are based on data
from ships at sea, airborne infrared thermometry, Japan’s meteorological satellite, the data from the Qeofu Ma iu,
and an accumulat ion of 30 years ’ observations at the Nagasaki Observatory. They also publish Oceanographic
Pro mpt Report of the Nagasaki Marine Observatory, which contains two months of observations from the sea
west of Japan and is published two months following the last observations.

The program of the observatory is part of the function of the Japan Meteorological Agency, which was
described In the Scientific Bulletin 3 (2), 27.30.

NAGASAKI UNIVERSITY

Nagasaki University was founded in 1949 by combining colleges of medicine , pharmacy , and economics
with two normal schools. When constituted there were five faculties : education , economics, medicine ,
pharmaceutical sciences, and fisheries. Most of the research in marine science at the university is carried out by
the Faculty of Fisheries, which has 40 members including 10 assistants and around 500 undergraduate and 40
graduate students. The graduate work leads to the M.S. Degree; the first Master’s degrees, 12, were awarded in
1971; 88 had been granted throug h 1976. Unlike the faculties of fisheries at some of the national universities,
this one Is not departmentalized , but a wide variety of specialties is provided in the course work , which includes
such diverse topics as fishing oceanography; fishe ry operation , gear, and methods; mariculture ; ecology ;
physiology; fish diseases and pest control; propagation of marine algae; microbiology, chemistry , biological and
food chemistry; navigation; seamanship; and business economics.

The Faculty operates two fishery training ships, the Kakuyo Maru and the Nagasaki Maru. The former ,
1045 gross tons , built in 1975 , is 64 m long, has a cruising range of 14000 nautical miles and carries a
complement of 12 officers , 20 crew , 4 scien tists and 42 cadets. The Nagasaki Maru, built in 1963-64 , is 563
gross tons , 47 meters long, and carries 13 officers , 20 crew , and 48 cadets . Her crusing range is 9,000 nautical
miles.

Research interests in the Faculty emphasize environmental pollution studies , plankton studies—particularly
phytoplankion r~’.d primary product ion—and the more specific subject of red tides.

One of the chemists on the Faculty , Shojiro Miyahar a, has been following pollution in Nagasaki Bay,
mercury and cadmium In the sediments of Yatsushiro Bay (or Sea), and has published on fundamental studies of
the thickness of crude oil films on seawater surfaces. In the Nagasaki Bay studies he has followed pH, chlorinity ,
chemical oxygen demand (COD) , suspended matter , n-hexane extracts , cadmium ion (Cd’4 ), lead (Pb’4), chromium
(Cr”), total mercu ry, arsenic (M”), and cyanide (CN ), althoug h cyanide has not been detected. From 1975 to
1977 there appeared to be a decrease in the arsenic and total mercury, althoug h both cadmium and lead ions
were detected in 1976 and 1977, whereas they were not In 1975. Perhaps unexpectedly, the pollution app eared
to be heavier at the entrance to the bay than at the inner or outer stations.

The Yatsushiro Sea sediment studies are particularly interesting because it was here that the ill-famed
Minamata disease occurred. It Is now well established that industrial dumping of mercu ry wastes into the bay at
the city of Minamata was followed by bacterial uptake and production of methyl mercury . Enter ing the food
chain , the organo.mercury compound ended up in the local human diet , causing the terribly painful , disfiguring
and sometimes fatal condition known as the Minamata disease.

Miyahar a and Hldenorl Ohno collected samples at 23 stations in the sea in 1975. Total mercu ry and
cadmium were determin ed using atomic absorption spectrophotometry . Although the introduction of mercu ry
wastes has been stopped, by far the highest concentrations of mercu ry in the sediments were at the two stations
nearest Minamata—concentrations were 0.74 and 0.62 pg/g of dried sediment. Cadmium levels were similarly
elevated nea r Minamata, but they were much lower , on the orde r of 0.01 pg/g.
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The red tide studies are being carried out as part of a larger program now funded by the Ministry of
Education, Science, and Culture . Scientists from several laboratories are working on various aspects of the
problem. In the past , red tide research has been carried out under the auspices of the Fisheries Agency

f (1966.68), Ministry of Education (1969-71), and the Science and Technology Agency (1967 69).

The coast of western Kyushu in the Nagasaki region is highly irregular with many indentations, ilhJp k,

semi.enclosed bays, and seas. There are widely differing circulation patterns, and much of the region has
unusually large tidal ranges. In some areas the deep-water circulation Is poor and these tend to become
oxygen-deficient or oxygen-free and sulfide bearing, particularly in summer. In several cases distinct correlations
between oxygen deficiency and red tide outbursts have been observed.

Omura Bay , which lies south , of Sasebo, hal only a small opening to the Japan Sea and a maximum depth
of about 21 meters. The salinity Is low and the bay was formerly used for pearl oyster culture. Although there
are not many red tides In the bay—perhaps one a year—there was a serious outbreak In 1965 that virtu ally wiped
out the pearl oysters , although th’~ exact mechanism of the damage remains unknown . A research program on the
red tides of Omura Bay is continuing. There have also been red tides near Iman in Saga Prefecture , Tachibani
Bay, and other areas along the west coast of Kyushu. There have been various causative organisms, including
species of Gymnodinium, Mesodonium, and Trichodesmium. One red tide in Omura Bay was caused by the
silicoflagellate Dic~yocha f ibuJa . Others involved Gonyaulax po ligramma, Gymnodinium type 65 , Eutreptiella sp.
and Gymnodimum nelsonii, but not by Skeletonema costatum nor Olisthodiscus, which are common red tide
organisms in other bays.

Othe r work on red tide organisms is designed to identify substances that stImulate their growth. It has been
found that products of the decomposition of diatoms of the genus Chaetoceras can stimulate the growth of
Gymnodinium typ e 65. There may be a difference in the effect that depends on whether the decomposition
takes place aerobically or anaerobically.

Professo r Shojiro Miyahara of the Faculty of Fisheries has been studying water quality in various systems
in the region. He has had extensive experience in Canada , where he worked on the content of mercu ry and
cadmium in the Ottawa River. He is now - using thin layer chromatograp hy and atomic absorption
spectrophotometry to investigate the mercu ry and cadmium contents of algae, benthic organisms, and sediments.
He has found that less than 1% of the total mercu ry in seawater from the local region is organically combined. 
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NATIONAL MARINE AND INLAND WATER
BIOLOGICAL STATIONS IN JAPAN

Francis A. Richards

There are 22 marine and freshwater biological stations operated by national universities in Japan. The
directors of these stations form the Director Council of Japanese Nat ional Marine and Inlan d Water Biological
Stations. The stations are descri bed in some detail in a 1975 pamphlet issued by the Council and edited by
Professor Hideshi Kobayas hi , who is associated with the Misald Marine Biological Station of the University of -

- -

Tokyo (address: Misak i, Miura- shi , Kanagawa .ken , 238-02, Japan). A new edition of the pamphle t is being
planned , but it will not be forthcoming until Professor Kobaya shi ’s successor as editor is appointe d after - -

Kobayash i’s retirement.

The laboratories have access to a rich variety of aquatic habitats , flora , and fauna. The facilities and
amenities offered vary widely, but most laboratories will welcome foreign investigators although living
accommodations may present a problem at some of the stati ons. Most of the stations are geared to intense
teach ing programs In the summe r , when there will be little , if any, time or space for foreign vint rs.

The existence of these laboratories seems not to be well kn own in the United States , so the following
summary is offered. Personnel are not named , because they may chang e , and it is suggested that the Director be
addressed for additional informati on.

I. Akkeshi Mar ine Biological Station
Faculty of Science
Hokkaido University

Mail ing Address: Akkeshi, Hokkaldo, 088-12
Telephone : 015352.2056

On Akkeshi Bay 50 km east of Hokkaldo. In cold Oyashio waters, the region has a rich boreal flora and
fauna. In addition to the usual equipment the re Is an ar ray of equipment for electr ophysiology.

2. The Institute of Algological Research
Faculty of Science
Hokkaido University

— Mailing Address: Bokol Minam i-machi 1.13 , Muroran , Hokka ido , 051
Telephone : 0143-22.2846

In southern Hokka ldo on Uchiura (Funka) Bay. Devoted to taxonomy, embryology, physiology and
ecology of marine algae. The bay is Influenced by both the Oyashio and Tsugar u currents —the former cold , the
latter warm. The are a supports extensive commercial culturing of Laminw’ia sp.

3. Aumushl Marine Biological Station
Faculty of Science

L 

Tohoku University
Mailing Addre ss: Sakam oto 9, Asamushl, Aomori City, 039-34
Telephone : 01 7752-3388

38
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On Mutsu Bay, northern Honshu , near Asansushi Hot Spring. Animals from the bay are cultured In an
aquarium with about 40 tanks; the aqua rium is open to the public from April to November. Waters of the Bay
are influenced by both the cold LAman and warm Tsushlma currents. Snow and winds prevent much collecting
from December to early March -

4. Sado Marine Biological Station
Faculty of Sciencer Nilgata University

Mailing Address : Taseha, Alkawainachi , Sado Island, Niigata-ken , 952-21
Telephone : 02597-5-2012

On Sado Island In the Sea of Jap an . A list of over 2000 species has been compiled from the region ; many
are represented in the research museum collection. Laboratories are equipp ed mainly for morpholog y,
systematics , ecology, and routine physiology. Research In progress includes piscine endocrinology, reproductive
biology of marine invertebrates, and ecology of sedentary animals. Weather conditions prevent collecting during
much of the winter.

5. Noto Marine Laboratory
Faculty of Science
University of Kanazawa

Mailing Address: Ogi, Uchlura , Suzu-gun , Ishikawa -Ken , 927-05
Telephone: 07687-4-1151

The laborato ry is on the Noto Penin sula on the Japan Sea Coast and its waters are influenced by the warm
Tsushima Current . The Tsukumo Bay area has varied and abundant marine life, which has not been fully
surveyed.

Research at the Laboratory is concerned with the reproductive biochemistry of marine invertebrates and
the biochemistry of their glycoproteins and with physiological studies of the change in coloration of seaweeds
with the tidal rhythm.

6. Itako Hydrobiological Station
Faculty of Science
Ibaraki UnIversity

Mailing Address: 01w, Itako-machi, Ibarakl-ken , 311-24
Telephone: 02996-7.5549

This freshwater laboratory Is on the southwestern side of Lake Kits-ura, which has an area of 39 km2 and
a maximum depth of 7 m. A new building with dormitories for 20 was built in 1975. Some cooking and dining
facilities are available. Research Is on the taxonomy and ecology of the local fauna. The lake is eutrophic and
develops blooms of the bIue~green alga Microcystis sp. In the summer.

7. Suwa Hydrobiologlcal Station
Faculty of Science
~ tinshu University

Mailing Address: 5.24, Kogandorl, Suwa-shi , Nagano-ken, 392
Telephone: 02665-2-1955

Lake &iwa , In the central part of Honshu, Is a small eutrophic lake at an al titude of 759 m. It has a —

maximum depth of 6.5 m and an area of 14.5 km 2 . Industrial pollution has accelerated its eutrophicatIon in
recent years and the summers are dominated by blooms of blue.green algae although the lake Is bordered by

j
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There are limited dining and dormitory facilities although there is a bath with hot spring water.

Limnological, geochemical , and geological research is carried out.

8. Misaki Ma rine Biological Station
Faculty of Science
University of Tokyo

Mailing Address : Koajiro, Miura, Kanagawa-ken , 238-02
Telephone: 0468-8l4105,4!06

The Misaki Laboratory is at the southern tip of the Miura Peninsula, on the Pacific Ocean between Tokyo
and Sagami bays. I t is the oldest of the 22 laboratories. A variety of habitats are near the station and winter
winds drive surprising tropical plankton forms into the inlets , carried in Kuroshio water. Research areas include
studies of invertebrate embryology (mostly sea urchins), comparative embryology , ecology, taxonomy, and
histology, especially wound healing in animals. Considerable sophisticated instrumentation is available for
qualified Investigators .

9. Tateyama Marine Laboratory
Faculty of Science
Ochanomizu University

Mailing Address: 11 Nagadori, Koyatsu, Tateyama-shi, Chiba-ken 295-03
Telephone: 04702-9-0838, 0839 (dormitory)

This Laboratory on the Chiba Peninsula is on the opposite side of the entrance to Tokyo Bay from the
Misaki Laboratory , and it also enjoys an unusual envi ronment because a small branch of warm Kuroshio water
enters the eastern part of Tokyo Bay. A surprising number of species of corals are thus found far north of their
normal habitat. The rocky shore of the Pacific Coast is also within easy access of the station, which is equipped
for general biological studies. Dormitory and dining facilities are available.

10. Shimoda Marine Biological Station
Faculty of Science
Tsukuba University (formerly Tokyo Kyoiku University)

Mailing Address: Shimoda-shi, 5-10-1 , Shizuoka.ken, 415
Telephone : 05582-2-0346

This Station is on the tip of the Izu Peninsula, which extends into the Pacific Ocean and is influenced by
the Kuroshio. Easily accessible environments range from exposed rocky shores to sandy beaches. The station has
a variety of laborato ry and special purpose rooms . There are general biological equipment , special centrifuges,
and electron microscope and electro-physio logical equipment. Research areas include the development and
physiology of marine invertebr ates and algae and ecological studies on productivity. It also has an offshore
observation tower. There are dining and dormito ry facilities and living accommodations are available within
walking distance .

I I .  Otsu Hydrobiological Station
Faculty of Science
Kyoto Univers ity

Mailing Address: Shimosakamoto, Otsu . Shiga-ken 520-01
Telephone : 0775-78-0579 , 0580

The Otsu Hydrobiulogical Station is on the shores of Lake Biwa, the largest lake in Jap an. Not far from
Kyoto, It Is probably also Japan ’s best known lake , having been the subject of monographic studies in many
fields . Researches at the Laboratory are larg ely hydrobio logical and oriented toward pro ductivity. Recent
outbreaks of red tides in the lake have attracted the attention of a large group of scientists.
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Well equipped for general lImnological and biological work, the Laboratory has neither dining nor
dormitory facilities. Visiting foreign scientists have found university housing in Kyoto and commuted to the
station.

12. Sugashlma Marine Biological Station
Faculty of Science
Nagoya University

Mailing Address: 63429, Murayama, Sugashlma-cho, Toba-ehi, We-ken 517
Telephone: 059934.6

This Station is east of the famous city of Toba, where cultured peEls were developed , on an island lying
t between lie Bay and the Sea of Enshu-Nada. A good supply of several species of sea urchins Is available, and sea

urchin embryology Is a major research interest at the Station , as Is the metamorphosis of ascidlan tadpoles. The
laboratories are well equipped for physiological, biochemical, and morphological research. A limited number of
cottages are available for investigators who wish to bring families.

13. Seto Marine Biological Laboratory
Faculty of Science
Kyoto University

Mailing Address: Rinkai, Shirahama , Wakayama-ken 649-22
Telephone : 07394-3515

The Shiraha ma area has hot spring spas, sandy beaches, rugged sandstone shorelines, and a wide variety of
flora and fauna, including tropical and subtropical species, thanks to the Influence of the Kuroshio. The Station
has a good library and aquarium, the latter open to the public. There Is also a small laboratory on Hatakej ima
Island, a small island near the head of the bay. Dining and limited dormitory accommodations are available.

14. Iwaya Marine Biological Station
Faculty of Science
Kobe University

Mailing Address: lwaya , Awaj i.cho, Tsuna-gun, Hyogo-ken , 656-24
Telephone: 07394-2-3515

This Station, near the junction of Osaka Bay and the Seto Inland Sea, was established for instruction In
marine pliycology, and the main work at the laboratory is on the culture of benthic algae. There are limited
dormitory facilities and a dining room but no cook.

15. Tamano Marine Laboratory
Faculty of Science
Okayama University

Mailing Address: 2.3.3 Shlbukawa , Tamano, Okiyama 706
Telephone: 0863-81.7262

On the west central coast of the Seto Island Sea, this Laboratory has access to a large number of small
Islands and a correspondingly wide variety of habitats, although the flora and fauna are less rich than In the open

t 

ocean. Specialized equipment Is available for research In morphology, physiology , and biochemistry. There are
dining and limited dormitory facilities.

16. Old Marine Biological Station
Faculty of Literature and Science
Shiman. University

Mailing Mdress: Department of Biology, Shimane UnIversity, 1060 NIshl-kawadzu-cho Matsue,
Shlmane4ten 690

~~~~~~~~-~~~~~~~- - --- ~~~~~~~~~~~~~~~~~ -.-~~~~~~~~ - --
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This Station is on Oki Island in the Sea of Japan. A new station (opened in 1973), it has access to a wide
variety of aqua tic environments—different depths , temperatures , and substrates . General biological and teaching
equipment are available and one research room is for visitors . It is one of the three stations in or on the Japan
Sea. Dir- ng and dormitory facilit ies are available.

17. Mukaishima Marine Biological Station
Faculty of Science
Hiroshima Univers ity

Mailing Address: Mukaish ima-cho, Mitsugi-gun , HIrosh ima-ken , 722
Telephone: 0848.44-1143 —

Like Tamano Marine Labo ratory , Mukaishima Marine Biological Station is on an island in the Seto Inland
Sea and has access to many neighboring islands and marine environments , varying from muddy to coarse sandy
bottoms. There are rapi d tidal currents and small bays and inlets with sandy beaches or rocky shore s. The 250-
to 390-cm tidal range prov ides a large intertidal zone . The buildings include three graduate student and visitor
laboratories , an electron microscope room and a dark room. There are kitchen and dormitories.

18. Usa Marine Biological Stati on
Faculty of Literature and Science
Kochi Unive rsity

Mailing Address: Usa-inoshiri , Kochi-k en , 78 1 .04
Telephone: 08885-6.0268

This Station is on Tosa Bay on the Pacific Ocean coast of Shikoku Island , thus also under the influence of
the Kur oshio. It is at the mouth of a 12-km long inlet in which pearl oysters , fishes , and seaweeds are cultivated.
There are sandy, gravelly , and rocky shores within the intertidal zone. In addition to seven research rooms and
special laboratories , the re is a 160 m2 rearing house with 12 pools and three aquatrone systems. Many species of
echinoderms , crustacea ns , protocordata , algae , and fish are available for laboratory studies. Limited dining and
d rmitory facilities and general equipment for biology and oceanography are available .

19. Nakajima Marine Biologicai Station
Faculty of Science

- - Ehime University
Mailing Address: d o  Biological Institute. Faculty of Science , Ehime Univer sity, Bunkyo .cho

Mat suyam a , 790
Telephone : 0899 .41-7 111

This Station is also on an island (Nakaj ima) in the Seto Inland Sea. It has access to environments ranging
from rocky shore s with a Sastassum belt to sandy beaches with a Costene belt. The waters are relatively
unpolluted and have a rich variety of invertebrates and fishes. There are dining and limited dormitory facilities.The laboratories are equipp ed for chemical and biological analyses of water and sediments.

20. Altsu Marine Biological Station
Faculty of Science
Kum amoto Univers ity

— Mailing Add ress~ Aitsu . Ma tsushima-mach i . Arnakusa -gun. Kumamoto-ken , 861-6 1
Telephone : 09695-6-0277

The Station is on an island along the irregular west coast of Kyushu Island. Next to Arlake Bay, It has one
of the largest tidal ranges (about 4 m for the avera ge spring tide) In Japan. It Is near a large variety of
environments and the ma rine life is abundan t and varied. The research is centered on the relationships between
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the environment and zooplankton and the biology of the fiddler crab . Dining and limited dormitory facilities are
available.

- 
- 21. Arnaku sa Marine Biological laboratory

Faculty of Science
Kyushu University

Mailing Address: Tomioka, Reihoku-cho, Amakusa, Kumamoto-ken , 863-25

Like the Aitsu laboratory, Amakusa Marine Biological Laboratory is on an island off the west central coast
of Kyushu Island. It thus receives warm currents and the flora and fauna are largely subtropical . Research

— interests of the staff are in animal ecology, especially population dynamics and the ecology of benthic
invertebrates. The laboratory has ordinary collecting gear and oceanographic Instruments but little equipment for
physiology or biochemistry. Meals and limited dormItory facilities are available.

22. Sesoko Marine Science Laboratory
[ College of Science and Engineering

University of the Ryukyus -

Mailing Address: d o  Department of Biology , University of the Ryukyus, Naha , Okinawa 903
Telephone : 0988.34-0101

This is the most southerly of the laboratories. It is on a small island near the west coast of the main island
- - of Okinawa. The environment is tropical and the coral reef habitats range from moderately sheltered to well

exposed. A wide variety of habitats Is wIthin 30 kin, including mud flats , sand fiats , sea grass beds, estuaries ,
mangrove forest , and rocky beach coasts. The main building was completed in 1975 and since then a set of large
outdoor tanks and a new research building have been added.

Little specialized equipment is available. Dormitory space and cooking facilities are available.

Some general susiements can be made about the laboratories:

I) They generally have some small boats available for collecting and for getting about. Few if any of the
boats have any laboratory capability. Most of the stations have SCUBA equipment , rowboats , etc. At some of
the stations specimens can be acquired from local fishe rmen.

2) Research interests: The research interests mentioned above re flect the interests of the permanent staff.
Retirement is early In the Japanese unIversities (60 63), so directorships and research Interests can change
quickly. Presumably the research projects that visitors can undertake will depend mostly on his interests and thej capabilities of the station . Obviously a match between the interests of the permanent staff and those of visitors is
desirable.

3) Living accommodations: Geared to house many students , most laboratories will have several dormitory —

rooms sleeping four to six. Some have more private rooms , some even Western style , for senior staff and vIsitors.
There will generally be little If any housing for families of visitors although there are some exceptions. Food will
be Japanese style.

Foreign scientists who wish to make extended stays should make their plans well In advance. Housing for
families will be very dIfficult and schooling for children will be next to impossible unless they are willing to
enter the Jap anese schools. -

Finally, I have visited half a dozen of the stations . Generally they are in very interesting and scenic
environments, the faculty and staff are competent and very cooperative. If the obvious difficulties can be
overcome, these are excellent centers for research.

_ _  
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THE SCHEDULE OF THE HAKUHO MARU
FOR 1979-1981

FrancIs 4. Richards and Selkoh Saklyama

Vol. 3, No. 1, pp. 8.9, 1978, reported on the characteristics of the ff akulro M u , oceanographic research
vessel of the Ocean Research Institute, University of Tokyo , and gave her schedule for fiscal year 1978 1979.
Professor Akihiko Hittorl of the Institute has kindly made availabLe the schedule for 1979-1981. We wish to
thank Professor lbtton for his help. The ship Is well equipped for oceanograph ic research and Is ~up.hl, of
operation In all oceans. ~ te is 3200 tons and can accommodate a scientific party of 32. Berths for visiting

I scientists may be available on some or all of the cruises. Further Information can be obtained from the Chief

~ 
Scientist or the Director, Ocean Research Institute, University of Tokyo, 15.1, 1-chome , Minanidel, Nthano.ku,

I Tokyo 164.

I KH..79-2: Studies on the structure of tropical air boundary layer and air-sea Interaction.
Purpose:

I Part of the special activities in NONEX of the First CARP Global Experiment (FGGE) of the CARP
- (Global Atmospheric Research Project), observations designed to clarify the mechanisms and variations of

the tropical air boundary layer. Observations will elucidate the formation of the bounda ry layer between
I sir and ocean and the transfer of energy and momentum.
I Survey Items:

Observations of the turbulent air flow structure and turbulent vortex transfer over the ocean using
ultrasonic anemothermometer, of the vertical structure of the low troposphere using lower layer sonde,
captive balloons, and acoustic radar; of the upper weather over the ocean using omega sands, arid
observations of ocean waves and current speed using the CID (conductlvlty4.mpesaturs-dspth recorder)

I and expendable bathythermograph (XBT).
I Ares:
f 140°E equatorial area

Schedule:
-
- 4o days, l May-9 June 1979

asief scientist:
• 

- Dr. Tom b Mal, Professor of Marine Meteorology

-
- KH.79-3: Chemical research on dIffusion and circulation In the Sea of Japan and adjacent areas.

- Purpose: —

To repeat analyses made on a previous cruise, KH..77-3, to Investigate the distribution of chemicals In
- the area using radioactive nudides, and modeling the mechanism of diffusion and circulation of seawater.

- Survey Items:
Large volume sampling of seawater from different layers.

Area:
-- The Sea of Japan and the northwest Pacific west of I6VW.

Schedule:
39 days, 26 June.3 August 1979

1% thI ef Scientist:
Dr. Yosbio Horthe, Professor of Mar ine Inorganic Chemistry

- —! K1l-794: Studies of tropical and subtropical ecosystems.

- - - - 
- 

_ _ _
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Purpose:
To establish a specific “biology” In the ecosystem of the western Pacific Ocean by Identifying the

Integrated movement of the biomau though the analysis of such systems as the food web, biologIcal
interactions, physiological activation, and distribution and grouping of organisms in relationship to
environmental factors.
Survey Items: -

Sampling plankton, microorganisms, and benthos; experimental studies of ecological and physiological
aspects using these samples, and measurements of the physical and chemical environment of the biomass.
Area:

The western Pacific Ocean
Schedule:

74 days, 28 August-9 November 1979
thief Scientist:

Dr. Nobuo Tap, Professor of Marine Microbiology

KH-80-l : Geological, geophysical, and bioecologtcal research in the area of the Japan Trough.
Purpose:

To improve our understanding of results obtained on previous cruises by Hulatho Maru and GlomarOraIlenge,~, scheduled as one of the links of IPOD (International Program of Ocean Drilling).
Survey Items:

Sampling of seabed deposits, sedimentary rock, continuous acoustic monitoring using air-gun, and
measurement of gravity , earth magnetism, and submarine topography. Sampling of microorganisms and
benthos and experimental ecophyslological research.
Area:

The Japan Trough
Schedule:

42 days, I February-13 March 1980
Chief Scientists:

Dr. Noriyuki Nasu, Professor of Submarine Sedimentation, Dr. Nobuo Tap , Professor of Marine
Microbiology.

KH-80.2: Chemical approach to mixing processes In the northwest North Pacific Ocean.
Purpose:

To clarIfy the verti cal transport of materials from the behavior of very small quantities of such
materials as stable heavy metal Isotopes, radioactive nuclides, and synthetic materials.
Survey Items:

Conventional and large volume sampling of seawater , precIse and continuous measurements of vertica l
distributions of temperature and salinity, nutrient analyses, and biomass determinations.
Area:

Northwestern North Pacific Ocean
Schedule:

55 days , 25 Aprll.18 June 1980
Chief Scientist :

Dr. Yoshlo Horibe, Professor of Marine Inorganic Chemistry

KH-80.3: Geological and geophysIcal research In the northwestern and central North Pacific Ocean
Purpose:

Detailed geophysical research on mechanisms of the formatIon of the seabed , seamounts, atolls , and
records of variations in sea levels.
Survey hems :

Measurements of geographical features of the sea bed , gravity, earth magnetism, acoustIcs, deep-sea
bed photogr aphy, sampling of the blots of the deep-sea bed by piston cores and dredges.
Area: 

- - -
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Northwestern and central North

Schedule:
55 days, 14 July-6 September 1980

thief Scientist:
Dr. Kazuo Kobaysshl, Associate Professor of Submarine Geophysics

KH-80-4: Study of the transport of seawater aid the circulation of chemical constituents In the deep sea.
Purpose:

To Investigate the flow of seawater and the circulation of mater ials In the deep sea.
Survey Items:

Measurements of such items variations of flow, temperature, salinity, and other chemical materials
in the deep sea.
Area:

Eastward of the main islands of Japan.
Schedule:

f 20 days , 17 September-6 October 1980
Chief Scientist:

Dr. Toshihiko Teramoto, Professor of Physical Oceanography

KH-80-S: Studies of the dynamic peculiarity of the Kuroshio and interactions between the Kuroshio and other
currents.

Purpose:
To Investigate the actual flow and variations of the Kur oshlo and the Interaction at the front between

the currents of the East China Sea and the Kuroshlo.
Survey Items:

Measurements of temperature and salinity.
Area:

The area of the Nansei Islands and the East China Sea.
Chief Scientist:

Dr. Toshihiko Teramoto, Professor of Physical Oceanography

KB-SI-I : Studies of the environment and biological production In the area of the Kuroahlo and Its extensions.
Purpose:

Extension of project KH-77-2 carried out In 19fl ~ It Is intended to clarify the relatIonshIps between
the structure of ocean and the distribution of marine organisms.
Survey Items:

Observations of biological materials such as e and young fish will be made from the viewpoint of
— their transportation, supply, and distribution.

Schedule:
35 days , 18 February-24 March 1981

OIIe( Scientist:
-

- - Dr. Tcshlyukl lirano, Professor of Resources and Environjussit.

- ________
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