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On the offense of violating the secrecy

of the enterprise

At present, Japanese criminal law is being revised by the government. This

article comments on the offense of violating the secrecy of the enterprise, which

is included in the amending bill.
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PROCEEDINGS OF
THE JAPAN SEMINAR ON E°

In the presence of Prcfessor T. Paul Torda, Program Director, and Dr. Florence
Torda, Assistant Professor, THE JAPAN SEMINAR ON E® was held on August 23rd and
24th, 1974, at Hotel Casa Greenland, Arao-shi, Kumamoto-ken, adjacent to the Ariake
College of Technology, the host. Instructors and engineers interested
education were, invited to participate in the event.

in engineering

SEMINAR AGENDA

Page
August 23rd. 10:00 - 10 : 15 a.m. Opening Speech by Dr. I. Todoroki 2';
Friday 10:15 -12:00 Lecture by Dr. T. Paul Torda on “E® Program” 28
1:30 - 4:30 p.m. Questions and Answers on E3 39
6:00 - 7:30 Reception and Informal Discussion

August 24th.  9:00 - 12: 00 a.m. Panel Discussion on “Engineering Education” 48

Saturday 1:00 - 4:00 p.m. Visiting Mitsui Aluminium Co., Ltd.
Appendix 64

JAPAN SEMINAR ON E® COMMITTEE

Honorary Chairman: Dr. Masamitsu Kawakami, President, Tokyo Institute
of Technology
Special Lecturers:
Dr. Florence Torda, Assistant Professor,
Illinois Institute of Technology

Dr. T. Paul Torda, Program Director,
Education and Experience in Engineering,
Illinois Institute of Technology

PROGRAM COMMITTEE
Chairman: Dr. Koji Nakamura, President, Kochi College of Technology

Prof. Kenichi Iijima

Prof. Tominaga Keii

Prof. Tomoo Kimoto

Dr. Kimikazu Matsuyama

Dr. Genjiro Mima

Mr. Shingi Saito

Prof. Masao Seki

Prof. Minoru Suda

Dr. Ichiro Todoroki

Dr. Setsuzo Tsuji
Coordinator:

Prof. Tomoya Tanamachi

Yokohama National University

Tokyo Institute of Technology

Ariake College of Technology

Dean, School of Engg., Kumamoto Univ.
President, Anan College of Technology
President, Tsuruoka College of Technology
Hiroshima University

Saitama University

President, Ariake College of Technology
Dean, School of Engg., Kyushu Univ.

Ariake College of Technology

EXECUTIVE COMMITTEE (Ariake College of Technology)
Chairman: Dr. Ichiro Todoroki, President

PUBLICATION SUBCOMMITTEE
Chairman: Prof. Masao Simizu

RECEPTION SUBCOMMITTEE
Chairman: Prof. Ryutaro Shimomura

Assist. Prof. Michio Araki

Prof. Takuzo Kanda

Assist. Prof. Yasuo Matsuo
Assist. Prof. Hisashi Shinagawa

Assist. Prof. Konosuke Kiyomori

Assist. Prof. Yasutaka Nakamura

Assist. Prof. Minori Tamano
STEERING COMMITTEE
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PART ONE
OUTLINE OF E® PROGRAM

E3 (E cube) = Education and
Experience in
Engineering
T. Paul Torda and
Florence Torda

T. Paul Torda

Thank you, Dr, Todoroki, for the kind words and the introduction. I also want to thank .you and
Professor Tanamachi for making this Seminar possible. Particular thanks are due to President
Kawakami who has so graciously accepted Honorary Chairmanship. I wish to assure you that this is
an important event for the E® Program. Our sponsor, the Program Office of the National Science
Foundation sends greetings and good wishes for success of the Japan E® Seminar.

I would like to thank Dr. Todoroki and his associates for the very gracious reception and hospitality
extended to Mrs. Torda and myself. This is our first trip to Japan and it is already a most memorable
one. We will always think of this trip as a very pleasant and important one in our lives.

President Todoroki asked me to point out the pages to which I am referring during my talk. I
will try to do that as much as possible. However, I do not intend to follow the reports during my
lecture. These have been very efficiently made available to all the participants by Professor
Tanamachi and his associates to whom my sincere thanks go for the outstanding organization of
the Seminar.

Primarily, I would like to talk about certain aspects of the E? Program which cannot be easily
formulated in reports. I also would like to discuss these aspects during the. “questions and answers”
periods. I hope that you will make ample use of those periods and put questions to both Dr. Florence
Torda and myself in order that we may amplify what is not sufficiently clear, or comment on ad-
ditional points of interest to you.

You will notice that the repor‘ts contain duplications. This is because we have written each report
with the assumption that people did not necessarily read the previous ones and we wished to maintain
a certain continuity of thought.

I'would like to highlight a few things, and I would also like to talk about the budget which is
not in the reports, but which is, I think, available to you in the preprints. I will then ask Dr.
Florence Torda to talk about several issues which she feels should be brought to your attention.

Why an E® Program?

I would like to start out with a question and try to answer it: Why did I embark upon developing
the E® Program? I have an engineering education, I have been in industry, carried out research,
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and taught for many years. I have found that there exists a great gap between what an engineer
needs in the real world and what he learns at college or university. This gap is so big that, after
many years of discussions with educators and engineers, I came to the conclusion that we have to do
something about it. A nation like your country, like the United States of America, Germany, England,
France, etc.,, have very highly developed technologies. Such countries need engineers who are very
well trained to carry out the services which societies with such highly developed technologies require.
However, there is need for another type of engineer also: The engineer whose education by intent
made him aware of the broad contexts within which the problem arises and whose solutions of those
problems reflect this awareness. Normally, we do not educate engineers in this manner in the
conventional curricula of our colleges and universities. Many years after they enter the job market, they
may reach a position where they can understand that the problem is not defined only in technological
terms but also in social, legal, and economic terms. Then they will perceive that the problems are
grounded in social needs. These problems need solutions which are far beyond the capabilities of the
new graduates from conventional curricula. The engineer graduating from an American university
suffers from another disadvantage: He is not educated but trained. He not only does not understand
the problems of society, but probably does not know much about music and art, history, etc.

Goals of the E® Program

In E? we have set out with the goal to educate engineers who are very much aware of societal
needs and of their own responsibility. We also want to offer opportunities for the students during the
four years at college to get a reasonable liberal education. OQur goals, then, are to educate a new breed
of engineers. However, the methods we are using and the philosophy we have embraced are certainly
applicable to the achievement of other educational goals. If you want to educate, for example, a civil
engineer, the same method and the same philosophy may bs applied.

The student is responsible for his education

Another major departure from conventional curricula in the United States is that, in the E3
Program, the responsibility for the student’s education is placed on his own shoulders. I believe that
“teaching” is the wrong word. The teacher can guide, the teacher can challenge, the teacher can point
out mistakes or point to routes which lead to results. But learning, the work, is the responsibility of
the student.

If we accept this philosophy, then we have to do essentially three things: We have to motivate the
student. It is not enough to tell the student to learn. He has to come to the conclusion that he needs
knowledge. The faculty has to create the proper environment for this. The learning has to be
reinforced, And the student has to continue learning. We have to make it possible for the student to
become a student in the true sense of the word. That means that he will know how to study and will
have the ability to continue his education during his lifetime.

E3 places students into real engineering situations

But how do we go about this? We use certain methods; other methods are also possible, but we
have found these to be useful and fruitful: We try to place the student in a real engineering situation.
It is important for the student to feel that he is not in an artificial, but in a real situation. We have
to make sure that the student knows that his contribution is important, that the work he is doing,
while learning, is meaningful not only for himself, but also for some people whose problem he is
trying to solve. That is the real situation I am referring to.

Students build on knowledge they bring to E°

The student comes with certain knowledge, and we require that the work, the problem to be solved,
and the result should be on a higher level of sophistication than he is capable of when he approaches
the problem. But at any moment the student must know that even on his level his contribution is
important and meaningful. He must understand also that what he knows is not enough, and, therefore,
he must learn new material to attack the problem.

Students learn how to evaluate their own work
There is another important task for us: We must convince the student that he has to learn how
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to be his own judge. He and not the instructor, not the boss, should question whether his work is
good enough. He must learn to judge his own work as well as the performance of others.

The BSE degree

I stated that we have a certain goal in mind and that other goals are possible. This method of
education and this philosophy of learning are valid not only for engineers, but for all professions and
all flelds of education. But we have chosen to educate engineers in several disciplines and our program
leads to a new degree, the bachelor of science in engineering: BSE. We have to insure that this
interdisciplinary curriculum is of just as high or better quality as the conventional engineering
curricula. We want to graduate outstanding engineers whose education has included ample attention
to fundamentals, professional work, and the humanities and social sciences and who understand the
social implications of technical problems. This is a much bigger task than ordinarily students face
in four years.

Reinforcement of learning through apgplication

How can this be done? We have studied this question and have found that it indeed cannot be
done unless the time is used efficiently; if the student does not just repeat learning because he has
forgotten the subject from one class to the other, but if his learning is reinforced as he goes along.
If you search your own experience, you will find that one forgets much of what one has learned,
unless this knowledge is applied. We all forget. Yes, it is easier to re-learn when the material is
needed again, but such “refreshing” takes time. In E° we try to make the student learn when he
needs something and then apply his knowledge. This reinforces learning. And then, next year, or
a year later, he will act as a tutor and will help the less experienced student understand the
material. He will re-learn the same material from a different point of view. Research results show
that this “double reinforcement” results in more effective retention. Students retain more if the
knowledge is used and is reinforced. At the same time, we have to make sure that new knowledge is
acquired and that the student covers all fields of engineering. I will try to give you some insight

into how we do this.

The problems are solved by small groups....Self-paced instruction

You know from the literature which has been given to you that we have decided to create the
engineering atmosphere for students by dividing them into small groups in order to attack problems.
The problems are new and meaningful and do not have known answers. We require these groups to
either find a solution, or come to the conclusion that the problem cannot be solved at that time and
with the means at hand. If the student is placed in this situation and if his knowledge is not
sufficient for the task he undertook, then he has to acquire new knowledge. We use the self-paced
instruction method to enable the student to acquire the knowledge he does not have. I will try to
develop more fully this self-paced learning method, not because it is the most important component
of the E® Program, but bzcause it is often a difficult step for educators who are used to the regular
class format as well as for students coming directly from high school. Instead of going to regular
classes, E® students learn on a self-paced basis.

Curriculum content

We have decided that the student in E® should know as much of the basic material in engi-
neering as any other engineering graduate. Since we require this, we had to analyze the content of
the various curricula. We have found that different engineering curricula use some — but not always
the same — basic material. We want our students to know as much, but not necessarily the same
material, as all graduates from conventional curricula. This is roughly equal to 60 percent of the
total basic or “core” material. The E? graduate will also cover 60 percent of the professional material
of various fields — usually learned in the junior and senior years — since in E® we do not educate a
mechanical, chemical, or civil engineer, but we want our graduates to be knowledgeable in all these
areas. In addition the students have to study in the humanities and social sciences.

Credit hour distribution
What does this mean in credit hours? The IIT student needs 128 credits for graduation. (A
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course is worth three credits if it meets for three hours a week.) Let us call these 128 credits 100
percent. —Actually in E® we require the student to earn 136 credits for graduation and this is above
the minimum requirement of the college.— Out of this 100 percent, 40 percent represents basic
or core material (in the reports you will find this denoted by MSES: Mathematics, sciences and
engineering sciences). Another 40 percent will be professional and project work (PP), and 20 percent
is earned by studying in humanities and social sciences (HSS). We try to distribute the credits
earned within each project approximately in this ratio. You will find this better explained in the
distributed reports and I will point out where specific information may be found.

Learning modules

The basic or core material is presented to the students in learning modules (LM) and these are
used in the self-paced learning. (You will find LM’s discussed on page 8 of the notes on the “Proposed
Seminar Summary on the E® Program” together with specific references to parts of the main reports.)
The basic or core material contained in learning modules cover mathematics, physics, chemistry,
material sciences, statics, dynamics, fluid mechanics, heat transfer, etc. The learning modules are
parts of courses: Each course is broken down into a certain number of parts representing roughly
15 hours of learning. We have subdivided the course material, but we have departed from the usual
method in which self-paéed learning material covers a course in sequenced form. We try to make
the learning modules as independent of each other as is possible. For example, if a student
is working on a problem in noise pollution, then he needs to know wave mechanics, properties of
materials, etc., but he does not need to know Newton’s laws of motion to approach problems in noise
pollution. Another student will work on structures and will need solid mechanics, material sciences,
etc. We try to make the learning modules as independent of each other as possible, but not
independent of previous knowledge. Each module has prerequisites. The prerequisites and also, if
there are, any co-requisites, are spelled out in the learning modules. We also define for the student
the objectives of each module: What we want him to know. We also tell him how we will test his
knowledge.

Mastery of learning

We give him a guided tour, so to speak, through part of a book. We tell him to solve certain
problems and then we give him a sample examination. When the student tests himself on the sample
examination and thinks that he knows the material covered in the module, then he signs up for
an examination. The examination is similar to that he tested himself upon. .If he passes to the
satisfaction of the faculty, he gets the check mark which means mastery (M). If he does not pass,
he is not punished. —He is only rewarded for knowledgs, he is not punished if he fails. —We
discuss with him what went wrong, what he did not learn, and we help him to learn and to get over
his particular difficulties. Then he studies more for another examination on the same learning
module. If he passes that, we give him the check mark, designating mastery. The new grade is not
A, B, C, or D, it is better than B and means that the student knows 90 percent or more of the
material. Now the student can go on and build on his knowledge. If he knows less, it is not enough
because he is building up gaps. This mastery is not a new concept, it is used at several other
universities.

Transition from directed learning to independent study

I said that the core material has bzen developed in learning module form and this form of
self-paced learning constitutes a transition from the high school type of directed learning to independent
study later on. Therefore, we decided not to write learning modules in the professional areas and
learning during the project work on a higher level, but we guide the student in learning by making
use of the library, books, research papers, and journals. Instead of making detailed study plans for
the student, we require him more and more to study on his own because after graduation he will
need this skill in his job in industry, or in graduate school. So, slowly going from core to professional
material, we let his hand go. He is on his own.

Humanities and social sciences are not learned in courses, they are learned during the project
work under the guidance of the appropriate advisers.
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You will find more detailed description of learning modules on pages 8 to 12 of the notes on the
“Proposed Seminar Summary on the E® Program.” A summary list of the learning modules is
available. I will be happy to answer questions during the discussion period. Now, I would like to
talk about how the projects are planned.

Projects

The project is the most important part of the E® Program because it is through it that we
introduce students to reality. We encourage the student to recognize problems and to learn how to
devise a plan to solve the problem. He has to do all these in the company of fellow students and of
advisers and consultants who are faculty members.

Outside resources

In order to find real problems, we search the world outside academia. We bring in people from
industry, from the city, from government, from hospitals, from research institutions, etc. We also
allow, even encourage, the student to go out and find problems on his own and at places familiar to
him: Shopping in the supermarket, commuting, using the train, the bus, the subway, the car, etc. If
the student visits industrial plants, shops, etc., he learns that machines produce not only products but
also a lot of noise, a lot of heat, and a lot of dust. There are many problems the student can find
himself, but there are also problem areas he has never experienced.

An example

There were students in the first year of E® who wanted to work on some transportation problem.
If you park your car at an airport, how do you get to the check-in gate efficiently? We invited the
chief engineer from the city of Chicago who was also in charge of the airport design office and he
lectured to us, then we sent the students to the airport to explore it. They went to the airport as
passengers. Afterwards, they found a way to get “behind the scenes.” They contacted engineers in
the airport operations office and these showed them how passenger traffic operated. These are some
of the ways we introduce the student to a problem which he defines and then writes up so that he
can try to find a solution to it.

Problem definition is difficult

To find and define a problem is a difficult and frustrating process. The first request the student
always poses to the faculty: “Yow tell me what I have to do to solve this problem.” But it is important
for the student to understand that he has to find out for himself.

Choosing problems

Faculty and students discuss ten or twelve different problems at the beginning of each semester.
Then, all sign up for different problems and discuss them in small groups. Within about ten working
days, five to seven groups will form which the students and faculty members join voluntarily. These
groups, when formed, stay together during the semester, or whatever time it takes to solve the problem.
Ideally, students from all four years and faculty members, usually an engineer and social scientist
or humanist, form a team. They focus on the problem in both socially important .terms and also in
technologically important terms.

The preliminary proposal

As the problem .is clarified, it is defined more precisely during the second or third week. At
that time, the group writes the “preliminary proposal.” This preliminary proposal is very important
because it serves as a guide to the group: It defines what is to be accomplished and in what time
scale, what are the means needed for the project. At that stage, each individual student has to define
what he needs to learn during the project. He has to enumerate learning modules and professional
material, and this becomes a contract between himself and the faculty, not only his advisers but the
various committees which supervise the groups and make sure that, indeed, good quality work is done
and progress is made.

The Review Board
The committee which supervises the projects is called the Review Board. It reviews the pre-
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liminary proposal and, after this, meets with each group every second week to follow the progress.
made. This Review Board also accepts the final report or suggest additional work. It also distributes
the credits earned by the students. We will see in a little while how the credits are assigned.

The Program Design Committee

We also have another committee, the Program Design Committee. This consists of faculty members
from different fields: There may be mathematics, chemistry, humanities, mechanical engineering,
etc., represented on that committee but we may change the committee composition from year to year.
This Program Design Committee is working with each individual student on his curriculum, his plan
of studies. It has to be a meaningful curriculum which allows the student to acquire the proper
amount of basic and professional knowledge in four years.

E? has no set curriculum

We do not have a set curriculum, since for each student we plan a program according to his
developing interests. In general, the first two years are used to introduce each student to different
areas of engineering: Mechanical, electrical, chemical, civil, etc., and these form the background
against which we develop a theme, the theme which we define with the students for that particular
year.

The group effort

Let us continue with describing the group efforts in working on projects. Each student has an
assignment, a certain task in the project. One of the students is elected as a coordinator, or a
leader if you will, of that particular project. He is responsible for scheduling meetings and the
work of the group members. It is also up to him to make certain that the work is done in time and
is of high quality. Shouldering such responsibilities allows the student to learn to work in groups
instead of working as an individual as he was used to in high school. In the American high schools,
individual competition is very much stressed. We try to modify this, and we try to make the student
learn how to work in groups.

Final report and presentation

As T said, the Review Board meets with the groups and monitors their progress. Towards the
end of the project, the final report and the presentation have to be prepared. The final report will
contain not only the work accomplished by the group, but also the individual work of each student.
This way, each semester the student can review his own growth with the faculty and with the other
group members.

Self evaluation

You may remember that at the beginning of my talk I have said that evaluation is very important
and that in E® the student learns how to evaluate his own work. At the end of each project, it is of
great value that the student realizes whether he has done good work, whether he could have done
better, and whether he learned enough.

Mastery is demanded in every effort

We require mastery on every level of performance. What does the. mastery mean? It means
that the report is written so that another person can understand what you want to say: You can
communicate. It means that the report shows that, indeed, the problem has been attacked and
meaningfully worked on. We require mastery performance of students whether they write reports, or
take examinations, or present the results of their project, etc. If it is not good enough, if it is not
written well, or if it is not communicated well, we require more work to be done.

The evaluation procedure

We have developed a detailed procedure for evaluation. The student evaluates himself and
requests a certain number of credits for what he has done. The faculty members of the group who
worked with him will discuss with each student his request. They will either approve, decrease, or
increase the number of credits the student requests as measured by standards accepted by the faculty.

The student’s credit request form goes to the Review Board and they review it together with the
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students and faculty members of each group: They re-evaluate it. This way we have developed
checks and balances. The student evaluates not only himself but also his peers—the other students—
and their work in the group. This is a learning process. This is very difficult at first but soon the
student learns how to be fair to others but at the same time not to be too generous.

I think that by now you have a reasonable picture of how the projects work and how the self-paced
learning takes place. Now, I would like to ask Dr. Florence Torda to talk about certain issues and
those aspects of the Program which she and her colleagues developed.

Florence Torda

I would like to express again our pleasure in being here and our gratitude for your warm
hospitality and for coming so far to listen to us talk about E®. I want to say one thing to reassure
you. When I sit there and listen to my husband describing the E® Program, it sounds very complicated
to me also.

This morning I have taken on the responsibility for talking about some of the most subtle aspects
of the program, some of the things that are more difficult to write about. We call them issues of
particular interest. Probably a less poetic phrase should be added bscause some of the issues of
particular interest are also simply difficulties.

Some unanticipated good effects....Students learn how to communicate

One of the points to note first about the program is that there were some unanticipated good
effects of project participation. Students have learned to do many things which are never talked
about or even recognized as belonging to engineering education. Some of these things sound like
very simple skills, but they are none the less important skills in everyday professional life. I will
give you some egamples: Students have learned to make telephone calls to industries and other offices
to gather information. They have learned to write business letters. They have learned how to
express themselves better in everyday communication. When they sit around a table discussing the
details of a project, we ask them to communicate to their fellow-students as though they were speaking
to a client, a supervisor, or some outsider to report or explain in such a way that they can be
understood. These are simple things, but ordinarily they are not taught in engineering school. Our
students are learning to do these things and to do them effectively.

Students accept the goals of E®

Another outcome which is interesting, and a little more difficult to express, is that students are
beginning to “internalize” the goals of the program—that is, more genuinely accept those goals for
themselves. This is significant in that it means that they like the image of themselves as knowledgeable
people who have studied more broadly than their fellow-students in traditional programs.

E® students are better informed

Although some E? students have resisted this broader study in the beginning, by the time they
have participated in one or two projects they have a vested interest in thinking of themselves as
more generally informed than they would have been. Additional reinforcement derives from com-
munication of these positive attitudes to students who are not in E® The final consequence is that
E® students begin to carry on the program for us. It might be said that the students are to an
increasing extent doing the missionary work for us.

Students work closely with faculty
Faculty is friend and consultant
There are many ways of approaching problems

Another effect that we did not necessarily plan on is that when a student works so closely with
the faculty (not in the manner in which I am speaking with you now—I am up here and you are
out there—but when we sit around the table in a small room), the faculty is reduced to human scale.
The faculty member is no longer the teacher but more the friend and consultant. This [is important
in several respects. We have already said that all project groups have at least two advisers: One
who is an engineer or someone in the engineering sciences, and a second adviser who is a social
scientist or someone representing the humanities. Sometimes project advisers™ disagree with each
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other, expressing differences of opinion in professional or related matters. Although disagreement
with peers is something which is part of everyday professional life in more typical situations one
tends to conceal this from students. Usually we think it undesirable to let students know we do not
always see, as Americans say, “eye-to-eye.” But E® students hear us disagree. They learn that there
are alternative points of view, and that we are prepared to defend our positions. We feel this is
important. We do not believe there is any one right way to approach a social or technical problem.
And we think it is better if you learn this very early rather than four years later when you are on
your first job.

Some problems in E?

One problem in connection with working so closely with students is that we come to know them
well, and when we come to know people well, we have both a greater tolerance for their weaknesses
and greater knowledge of their abilities. This more complete picture often complicates the evaluation
of student work in areas which require somewhat subjective estimates. “Understanding” too well
may make it more difficult to demand the quality of achievement commensurate with a student’s
ability. Awareness of this paradox, however, helps to guard against the problems it presents.

Close student-faculty interaction also enables the student to know more about his professors. The
student is able to perceive the faculty member in a wider variety of situations or roles, thus
increasing the opportunity for social as well as professional learning—if, indeed, the two can be
separated.

Demands on faculty time

Another difficulty with E3® is that in the beginning a great deal of time is required from the
faculty. The faculty must be prepared to be present at the project meetings with students, of course,
but we also have much need (because it is a new program) to communicate with each other to discuss
our problems, our future plans, to evaluate where we are and where we go. So in the beginning, E3
requires more time of the faculty than at a later point and you must be prepared to recognize this
at the outset.

Faculty as resource persons
Faculty must be flexible
E® makes other somewhat unique demands on the faculty. In the capacity of project advisers, we
must operate not so much as specialists in our respective areas of competence, but rather as general
resource persons and guides. If I were teaching sociology to you this morning, I would know exactly
what I want you to know, and it would be my responsibility to tell [you what I expect of you. This
is not the way we work in E® Nor is it a privilege in E® to work in one’s special areas of interest
unless these coincide with the needs of a particular project. - E® requires that the faculty be flexible
and prepared to learn something new. You may have to seek out a literature with which you are
unfamiliar. You may be in a situation where students read the literature and inform you. We
think such faculty openness to obtaining new knowledge is good for all concerned, and this emphasis
may also be a strong point in recruiting faculty who are especially interested in furthering their
own knowledge of technical and social problems. Not all faculty will share this inclination. Professors
whose central concern lies in pursuing a very narrow area of specialization may not always be
appropriate for a staff such as an E® type program requires.

Faculty has to have the right temperament

This leads to a third point in connection with faculty. It is essential that faculty have a
temperament for this kind of program. You cannot always determine this in advance, for some
people who we predicted would not be compatible with the program have bscome valuable members.
Although judgment of faculty should be cautious in the beginning, people who do not after some
experience endorse or embrace the general philosophy should not be involved in such a program.

Emotion and intellectual understanding
A related point is that many people think they understand the philosophy of the program but
they do not. In reality, it is something one has to understand at the emotional level, as well as at
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the level of printed words. This distinctien is crucial in that the attitudes and behaviors required
for successful participation can be sustained only when commitment is supported by inner knowledge
grounded in personal experience.

Integration of the humanities and the social sciences into the E® Program

Now I imagine that those of you who are here in the capacity of educators in the social sciences
or the humanities wish to know more about how we bring the humanities or the social sciences to E°.
We have talked about this for at least four years and we are still talking about it and improving our
strategies. We sincerely bslieve that unless a problem has some components which seem broader
than the immediate technical problem, it should not be taken up as a project. As a matter of fact,
we go beyond this and maintain that all' problems have social implications in the sense that they
emerge and are defined in a specific cultural context. This suggests various paths of study for
enlarging the project members’ understanding and approach te what may have been conceived orig-
inally as a purely technical matter. A project adviser must have the imagination to see these paths
and help the students arrive at some plan for broader study.

Students work with a range of professors during four years

This plan will differ with each project and with each discipline. The disciplines are not all
represented on each project; however, by the end of four years, each student will have worked with
a range of professors in the humanities and social sciences whose influence will have been brought
to bear on each project in some way. The integration of engineering with non-engineering study
may seem less than ideal for some projects—and this has been a matter of concern—yet, lack of
perfect fit does not justify failure to view the problem in larger context. This afternoon, during the
period set aside for questions, there will be an opportunity to give you examples of the kinds of
social science studies we have undertaken in connection with various projects.

American engineering students resist liberal arts

One more problem, already alluded to, is that American engineering students tend to resist courses
in the liberal arts. They do not know why such study is necessary. In the beginning, one must be
prepared to insist to E® students that the libsral arts are important for them, not only as persons but
as engineers, and then, as I explained earlier, through their own efforts they will come to realize
this themselves. Any program which is initiated along the lines of E°® should anticipate some
resistance on the part of students, for this is a very different kind of education with respect to both
content and methods.

Evaluation of students on his own level

Finally, I wish to make some comments about the evaluation of students. It is necessary to
evaluate each student in terms of his own class.standing, that is, to assess his performance in terms
of the knowledge and experience he has accumulated. A sophomore will be expected to do work of
more difficult nature than a first year student and to assume the responsibility for acting on this
expectation. But it is .also the responsibility of the project advisers to be alert to the student’s
maturation, both early in the project as tasks are chosen and at project completion when formal
evaluation occurs.

Evaluation taking account of individual differences

Another concern connected with evaluation revolves about the fact of individual differences.
Some students are superior in certain respects to other students—they may have more intrinsic
ability, interest, or background in certain areas of study, and E® advisers become aware of this
through close interaction with students. Should we require more of students whom we know to be
exceptionally capable, regardless of whether they are freshmen or seniors? In the social sciences
and humanities, this question is especially pertinent because the criteria for mastery are more
subjectively defined in these areas.

Faculty differs in student evaluation
Self knowledge is important
A problem, which is by no means confined to E® is that faculty members differ in their
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evaluations of students. There is nothing new about this. I am sure each of you would evaluate the
same student from a slightly different perspective, depending on your knowledge of that student and
your personal definitions of teaching and learning. And so we have differences of opinion among
faculty members. We try to discuss and resolve these when we feel there is injustice to a student
or that differences reveal inconsistent interpretations of program goals. But students must also be
helped to learn that judgments by others are inevitable and, at best, arbitrary. Throughout life, self-
knowledge should become the means through which students confront and appraise themselves.

In closing, I wish to say that I know E® sounds like a very difficult program to organize and to
implement. In many ways that is true, but we have found that the difficulties can be surmounted if
you don’t let yourselves feel too overwhelmed by them in the beginning. That is why we prefer to
talk freely to interested outsiders about the problems we have faced and how we have solved them,
and to admit that there are areas in which we too are still developing and working to insure the full
expression of the basic philosophy. Thank you.

T. Paul Torda

Difficulties students face

Well, indeed if the Program seems to b= complicated, as soon as one starts working in it, one
finds that not only does it have a strong internal consistency, but that it is also very idifferent from
other programs. Probably this is the reason why it sounds complicated. It simulates life outside of
academia and that is not as simple as going to class. We have talked about some of the difficulties,
but we also have to discuss the students’ experiences. The first difficulty the student encounters is
frustration because he is facing problems which have no known answers. He cannot look these up in
a book and say, “Yes, I solved the problem correctly.” But we face the same situation in life: We do
not know the right answers of even the simplest problems we encounter.

The second difficulty shows up very soon, probably by the end of the first semester. The student
is not used to working in groups and he also likes to be told what to do. If he cannot get used to
working with others and cannot shoulder the responsibility for his own education, he will want to
transfer out of the Program. Naturally, we help him to transfer to another program. If the student
transfers out early, he loses little. But transferring from one program to another in academic life is
always associated with some loss because the student did not take the “right” courses.

How to transfer to other curricula

When a student transfers out of the Program, we certify what he learned. In the basic sciences,
it is very simple to correlate the knowledge the E® student learned with actual courses or parts of
them. The student will get credit for those courses. In professional and project work we face a
somewhat more difficult situation, bzcause in conventional curricula, students encounter project and
professional work later in their studies. The question is, what sort of credit should we give for
professional and project work in the first year? However, this is becoming less and less of the
problem because E® and similar programs start to influence other curricula and many engineering
colleges today have a freshman design course. So the student can get credit for some equivalent
work which would be in the particular curriculum he transfers into.

In humanities and social sciences, the student gets credit assigned by the appropriate faculty
member in the same manner as he would get in regular classes. Thus, the faculty is able to assign a
certain number of credits for a transfer student.

We developed several transcript forms and these are available for your inspection outside of this
room. I also brought some sample transcripts of students who transferred out of the Program. You
will be able to inspect the forms and see how we give credit and how we list what the student has
learned. We try to do this in sufficient detail so that other people can understand it, other professors,
the recorder, and also people in industry.

Students who leave E? are not dropouts

When students leave the Program, they are not dropouts because  they transfer to other curricula
in IIT. Out of 56 students originally applying the first year, we accepted 29. Out of this we lost two
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students as dropouts. So, less than 10 percent of the students participating dropped out of IIT, while
ordinarily the dropout rate at IIT is 33 percent of the freshmen. This shows that our students do
better than those in conventional curricula.

How students transfer into the Program

Transferring out or transferring in are two different processes. Transferring in is very simple
because we accept anything the student knows, and we ask him to build on it to acquire additional
knowledge and additional experience. We evaluate his [transcript and discuss his plans® with him.
We work out a study plan, a special curriculum for him. He may join an appropriate project group
and continue his studies. At times, he may find that :he has to review some of the material he
learned earlier and got credit for, but this is usually not a difficult task.

Cost effectiveness

Now I would like to talk about the last thing I mentioned: The budget. The E® Program, as any
experimental and developmental program, is not cost effective and outside support is necessary. In
our case the National Science Foundation supplied the additional funds needed. However, if the
program is successful when developed, it has to stand on its own; it has to be cost effective.

Until now, we did not devote much effort to recruiting because we had to work out other details
of the Program. Also, we had little or no help from the IIT recruiters because the usual recruiting
methods and the conventional standards set by IIT do not necessarily yield successful E® students.
However, during the past two years, we obtained some .experience in understanding what kind of
attributes will make a successful E® student and recently we began concerted efforts to recruit students
into the Program.

Student/faculty ratio

We have roughly 30 students now and we wish to have between 100 and 140 students when the
Program is fully developed. The thirty students and the eight and one half full-time equivalent
faculty members yield a poor student to faculty ratio in academic life; it makes for a costly program.
However, when the Program is fully developed, we will still have between 8 and 9 full-time equivalent
faculty members. Then, with the 100 to 140 students the student to faculty ratio will be between 12 to
1 and 15 to 1. Considering the financial aspects one finds that the tuition of between 55 and 60
students would cover the yearly E® budget based on-the estimate that tuition pays between 55 to 65
percent of each department’s budget. The tuition fees of 100 students will pay for 100 percent of the
cost of the E® Program. Therefore, based on 100 to 140 students in the four years of EZ, its cost
effectiveness is far better than is that of other departments at IIT.

Advanced E® students are tutors and models for lower classmen

How can we achieve this? Why are we more effective than other curricula? Because in E® the
student is participating in the teaching of the less experienced students. He is working with them as
tutor on modules and in projects. This is not done in order to make the program more cost effective,
but in order to make the education, the learning more effective. E® just happens to be cheaper than
ordinary curricula. I think that this is a very hopeful sign, that indeed we will have not only a
high quality curriculum, but also E® will cost less than other curricula.

Faculty is on a part-time assignment

I have said that E® has 8 to 9 full-time equivalent faculty members. However, besides those who
carry heavy administrative duties, all faculty members in BE? are assigned on a part-time basis. The
reason for part-time faculty in E® is that we need a great variety of competence in the Program.
We need mathematicians, physicists, chemists, a variety of engineers, humanists, social scientists, etc.
These faculty members work one-third in E® and two-thirds in their own departments.

It is important for E® to have the variety of faculty, but it is also beneficial for faculty members
from various departments to have the experience of working in an entirely different teaching en-
vironment. By rotating faculty, they transfer the “message” to the different departments. E?® faculty
should also be in contact professionally with their own disciplines.

During the development of the Program, each new year poses a “start-up.” Therefore, we do
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need much greater number of faculty than the Program ordinarily would. For instance, we had to
develop over five [hundred learning modules in the different disciplines. Not only did we develop
those, but we are rewriting them and improving upon them as we find them lacking in usefulness to
the students.

Evaluation of the E® Program
Student intermship

I want to conclude this part of the seminar with a few remarks on the evaluation of our Program
by experts outside E2. We were visited by a very competent staff of evaluators last November because
the National Science Foundation was to give us the final go-ahead for the last two years and also the
needed funds. Bssides these visitors, twenty-two of our proposals were sent out by the National
Science Foundation to top level academic, governmental, and industrial people for evaluation. Ap-
parently, the E? Program received high marks by these evaluators as well as by the visiting team,
since we received full support from the National Science Foundation. Incidentally, one of these
evaluators was the recruiting manager of one of the largest industrial organizations in the United
States. He told the National Science Foundation that if our graduates will be able to fulfill only part
of what we say they will be able to do, he wants all of them in his own organization. This, as well
as other indicators, make us confident that our graduates will not have any difficulty finding jobs. I
am also quite confident that they will perform excellent work whatever they undertake. In order to
facilitate their acceptance by employers, we are establishing internships for the students. The students
will be able to work in different organizations during summers, or during a semester or so, and this
will be a part of their education. We plan to give credit for this work if it can be proven that their
experience was a continuation of the student’s education. This, of course, establishes also com-
munication between E® and industry. Employers and engineers will get to know our students and the
Program, and our students will be able to test reality and their own competence in comparison with
others in industry.

If you still have a few minutes patience, I would like to show a few slides which I have brought
along in order to give you some feeling of the informality of the program we are running.

(slides)
Thank you very much for your attention. (Applause)

QUESTIONS AND ANSWERS ON E?

Tomoo Kimoto

Q: What do you mean by E°® experience? Please explain it concretely in comparison with conventional
curricula.

A: We want to give the students real engineering experience in problem recognition and problem
solving. For us, experience includes many other activities as well: The investigation of the history
of the problem, where it arises, what has been done before, comparison of the present with past
relevant technology, what new knowledge is needed to solve this problem, what is the new
approach which best fits this situation—go to the library, search the literature, determine new
applicable technologies, etc. In short, we would like to engage the students in work on real
problems and their ramifications and substitute this for the usual classroom approach. This is one
major difference between E® and conventional curricula and this is what we mean by experience.

Q: At what stage do you give your students the tasks of fundamental practice, shop work and drawing
prior to the problem solving projects?

A: Fundamentals, drawings, etc., are not studied prior to project work but are integrated with it.
Each project is divided by the students themselves into several tasks. These tasks are coordinated
by one student, but each task is performed by different group members. The particular task of
each student requires study, work, and coordinated effort with the others: The student responsible
for completing his task has to study in depth, and this is where his learning.eccurs on a mastery
level.
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Michio Araki

Please tell me the details of transfers into/from the E® Program.

What happens to those transferring in is very simple. We discuss with each student what he
knows, and then plan his continued learning. Those who transfer out of the E?® Program receive
a very detailed transcript enumerating what they have learned and what roles they played in the
projects in which they participated. Naturally, the credit distribution they earned in E® is also
stated.

What counseling did you give to the transfer students?

We try to find out the student’s goal, what he wants to do after graduation, and we try to work
out a program according to this need. For example, one of the students who transferred from
chemistry wants to work in the field of biological engineering. A natural project for him was the
man-made lake project which he joined. He has a good chemistry background but no background
in biology and he could study biology on that project.

Why did some students transfer out?

Most students entering engineering curricula do not know what engineering is. When they begin
to understand what engineering is, some think that it is not a career for them. They transfer to
other curricula. Others want to continue in engineering but they think that the regular class
routine suits them better. We try to understand their problems and advise them to transfer to
the particular curriculum which suits their goals. All our faculty members help students to clarify
their plans.

Dr. F. Torda

When students indicate that they are not happy with the Program, we ask them to think about it
very carefully, and we make ourselves available for discussion. We do not try to keep students
in the Program if we feel that it is better for them to leave; we help them to understand what
their own needs are.

Dr. T. P. Torda

When students find it difficult to work with others in groups, they may transfer out. When students
find it difficult to pace their own studies, when they prefer classroom, homework, and more
conventional examination situations, they may also wish to leave the Program. These are the
major reasons for transferring out in addition to the general discovery of being in the wrong field,
as cited earlier.

Yasutaka Nakamura

You stated the E® students are supposed to take 136 credits for graduation. Are all the credits
taken in E3?

: All the credits are earned in the E® Program. If a student wants to work in fields which we do

not offer in E%, to take music or some courses in the arts, he may earn those credits in regular
classroom work outside E3.

Do you accept those credits which transfer students have already earned in the conventional
disciplines?

Any credit which is accepted by the Illinois Institute of Technology is accepted by us. What
happens often is that a student has finished all the mathematics requirements before he comes to
E®. All those credits are accepted by E?, but he may have forgotten some of the material and in
that case he will need to review it. We help him if he has difficulties. We cannot give additional
credits because he puts in additional work. Here is an interesting problem which may help you to
understand why we put so much emphasis on learning when the need arises. A transfer student
may have received a “C,” or several “C’s” in mathematics. Having legitimately passed the course
or courses, we gave him credit in E®. Now there is a contradiction when the student needs to
apply the material and he does not know it. He has to learn more. And so, eventually, he
achieves mastery in that part which he relearns.
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Koichi Uesaki

* You won’t succeed in E® Program if the students are not so bright, will you?

Those students who go into engineering at Illinois Institute of Technology are pre-selected for
their ability to succeed in the usual ‘engineering subjects, and E® students must have met these
admission requirements. However, there is great variation in aptitude among those students who
are accepted by IIT. Within this variation, attributes other than intellectual abilities contribute
to success in E®. This program is not just for the students who score highest on traditional
selection measures.

According to the E® materials you gave us, the load of faculty seems to be very heavy.

No, this is not really so. At the beginning any experimental program means extra work and we
have more faculty members now than we will have once the program is fully established. Then,
the assignment to E* will mean the same as in other departments. If I may elaborate on this, it
will work as follows: At IIT, the total commitment by faculty members is approximately forty
hours a week:. This is not all teaching, but includes committee work, research, and writing
papers, etc., also. So one-third assignment of teaching means roughly thirteen hours per week.
Now let us see what is a faculty member’s time devoted to one project and what are his other
commitments in E3? On each project, all project members (students and faculty) meet for one
hour each week. During this time, they discuss what went on last week and make plans for next
week. Each of the faculty members will work with students separately for another hour each
week. This means that the engineer will work for one hour with the students on the project in
his field, and a social scientist will meet for one hour with the students to discuss the social
problems of the project. Therefore, a faculty member works on a project for two hours each
week. However, at times work will accumulate. Therefore, let us allow three hours per week
for each faculty member for each project.

In addition to project work, we have Monday Open, and a weekly faculty meeting. These
represent three hours per week. Therefore, a faculty member assigned to E® on a one-third basis
may easily work on two projects (6 hours per week) and participate in the weekly student
meeting and in the weekly staff meeting (3 hours per week)- This is a total of 9 hours per week
commitment instead of the 13 hours per week assigned time. So there are four hours each week
for increased load, if any. If a faculty member works on some other tasks, for instance, he gives
a seminar or writes modules, then he will work only on one project. So there is ample latitude
for participation on this basis.

Isn’t it difficult for students to obtain systematic knowledge on a project basis? I am afraid they
cannot bz successful if they deal with real problems alone.

It is not difficult for students to obtain systematic knowledge in E? if the projects are planned

- properly. Such planning, of course, is the task of the participating faculty. In addition, the

Program Design Committee makes sure that each student acquires systematic knowledge necessary
for graduation.

Your question brings up another important point, the difference between the content of the
curriculum and the knowledge the student acquires. I would like to discuss the learning-forgetting
process. The student learns before the examinations and then forgets most of what he learned—
we all do. Then, new material is learned and most of that is forgotten also. In regular courses,
the semester examination arrives, and the student re-learns all the material but forgets most of
it right after the examination. The argument is always advanced that examinations are good
because the student reviews the materials. I think "that the examinations are only good for
making the students anxious. The learning-retention process has been studied by many educators
and it has been found that application of the learned material reinforces retention. If you learn
and apply it, you don’t retain all the material, but at least that.part which you are using. You
learn new material and apply. that and.retain more. And so on. If you do not use this knowledge,
again you forget, but if next year you are the proctor and you help a new student who learns this
material, then the learning and retention will be increasing.
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Masao Seki

Professor Torda’s story is drastic and interesting, I think, to most of us whose education is
conventional. But you go in a sense too far in saying the retention of what a student has learned
drops to zero in conventional education. Why don’t you take motivation of students and educational
content in conventional curriculum into consideration?

First, I wish to poinf out that my own education was along conventional lines also. Then we have
to consider the learning-retention function: As I have tried to point out, we learn something and
it is stored, more or less, in our mind, but forget what we learned unless we are using the
knowledge: We apply it. This, of course, happens in conventional learning situations (classroom,
laboratory, etc.,) as well as in E3. However, in conventional curricula, subject matter is taught
“per se”—Ilearn it now, use it later—and in E® we try to learn when we need to apply the knowledge
(first reinforcement) and somewhat later we help another student to learn it (second, more
sophisticated reinforcement). In this manner, the student has a bstter chance for retention than
in the conventional method, and this has bsen proven by research. The results of such research
are available in the open literature. I did not want to imply that a student does not learn
anything in a. conventional course situation; I only wanted to point out that a student has a much
better chance for retention of what he learned if his learning is reinforced. I also wanted to
make the point that, in our experience, problem generated motivation is more effective than
teacher generated motivation—learn this subject bzcause you will need it later—.

Dr. F. Torda

E?® does not prevent students from learning in the more traditional way. If the student is
enthused over his studies, we -would hope, and it turns out that it happens this way, that he is
motivated then to pursue the particular subject in greater depth and with greater intensity. What
we are trying to do is to instill or cultivate a positive attitude toward learning so that one is a
perpetual learner or a perpetual inquisitive person. If a student says at the end of a traditional
course or at the end of an E® project that only now does he begin to realize how much he does
not know, then we should all congratulate ourselves as teachers.

—— five minutes’ recess —
Shoichi Karoji
I will ask you one question about the employment of E® graduates. As the E® Program is specific,
don’t you think the employment will be also specific or limited to some area bescause of their
courses or subjects attained ? What is your prospect?>
I don’t really understand what you mean by “limited,” since we are trying to educate people who
are much broader than ordinarily graduates from a mechanical engineering, or a civil engineering,
or another curriculum. We feel that the graduate from E® will have broader knowledge. Would
you please then define what you mean by “limited?”
Those students will not gain a job in any fields but some special fields.
Well, I don’t really think so. Of course I am only guessing since we have no graduates as yet.
What do you think the percentage of the students in E® will be who would like to continue to study
in the graduate course, or are you recommending them to do so or urging them to do so?
In E® we try not to make recommendations in general terms but try to find out the needs and
interests of each student. We discuss with him possible ways to achieve his goal and let him
decide whether he wants to go to graduate school or not. I have said that we have no graduates
as yet, so we can only make guesses. One of the students who transferred. from another college
and will be] senior next year is very bright, and he came to IIT because he wanted to go to
graduate school in aeronautical engineering. Recently, he came to my office and asked my advice
how he could explore graduate schools for study, not in aeronautical engineering but somewhere
where he can serve society. I do not know whether this answers your question. At least two
students have indicated that they will go to graduate school, but we have only three seniors next
year. This would indicate that two out of three will go to graduate school, but it is really impos-
sible to make predictions about trends at this stage of the Program. However, we are sure that
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they will have no difficulties in getting accepted in graduate schools.

Kenji Sekiguchi

Mr. Torda, I have several questions. One is, how many projects does a student cover in one
semester or in one academic year? And are these projects which one student chooses related to
each other?

In this program, duration of a project:does not necessarily coincide with the semester, but roughly
it is the semester. So in four years a student will participate in a minimum of eight projects. If
a student has special interests, he can work on additional projects parallel to the main project or
during the summers. He has three summers at a minimum, so he can do eleven to fifteen projects.
Your second question is a very important one. We discourage students from working in the same
field, particularly during the first two years, because we want to introduce him to different areas
of basic knowledge during the first half of his studies. If a student then shows particular interest
in a special area, he may specialize during the third and fourth years of study. We make this
possible, hut in general we discourage specialization.

Let me ask one more question. You said that some students méy be interested in subjects which
are not included in the E® Program, for example, biology, history, or literature. If one particular
engineering student wants to study literature or philosophy, what do you suggest? I mean, do you
have any good advice for those students who want to learn anything which is not prepared in the
E® Program?

We encourage students to take classes in those areas which are not covered by EZ, because those
do not interfere with performance in the Program. We have representatives from the humanities
in the Program and the student has a good opportunity to explore his interest, how best he can
follow it, and which courses to take in addition to his work in ES.

Dr. F. Torda

In reality, a student is very busy in the E® Program, and this includes the responsibility for
completing the libsral arts and humanities components of the projects. Although we certainly
encourage them and are very pleased when students express a wish to augment their education,
we must add that, in reality, not many students elect to do this because of time pressure. They
work very hard in E3.

Hatta

Bafore the intermission, Mrs. Torda pointed out that one of the main objectives of this program
is to educate students so that they become very curious people. I think that is a very important
objective, and most people will agree that that is a desirable target of any education. However, I
suspect some people may fear that students who don’t have their solid education in some specific
disciplines like mathematics or physics or a sub-branch of engineering may get lost, if they go to
the problem solving program directly. Some of the questions asked before the intermission
expressed such apprehension. I presume, however, that few people will have such fear if students
get problem-solving oriented education at the graduate school level after obtaining solid education
in some specific discipline in undergraduate level. This system seems to me especially promising
since students with different specializations can collabolate in problem solving. So, my question is
this: What would be the advantages and disadvantages of that kind of program compared with
your E® Program?
A very silly answer to that question would bs: “Why waste four years?” But seriously, why not
start with the freshman instead of delaying the process until graduate studies? I cannot speak
about Japanese educational processes because I really do not know the curricula sufficiently. So I
have to answer this question in terms of the American system. We usually re-learn in graduate
school most of what we have learned during undergraduate years. In other words, the graduate
student has forgotten what he learned and cannot recall subject matter in a different context.
This is unfortunate, but it is true within my experience and I am sure all of you have had similar
experiences.

The interdisciplinary approach to solving engineering problems really does not have to be
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delayed until graduate school. I.don’t think-that the manner in which subjects have been learned
in undergraduate school is helpful for such purpose. Up to now, graduate study has been directed
toward research in America. During the last four or five years this has been changing, and there
is a bifurcation in graduate studies toward engineering or toward research. But there are no real
indicators that graduate engineering programs emerge similar in intent to E3. Also, since the
student has not been prepared during his undergraduate years for solving real problems, as a
graduate student he would face the same difficulties as our freshman faces in the first year of E°.
To sum it up, I don’t see any advantages in delaying this process if your goal is to achieve our
type of education.

Dr. F. Torda

The current movement in education seems to be to push this type of approach to learning back all
the way to the earliest years—the so-called schools without walls, or the programs in the early
years which now mix students from all levels and stresses the fact that they can complement
each other, that they each have something to give to the other. So in a sense the tendency is to
go in the opposite direction, to start very early. And one can even say that technical education
is really in this respect behind the larger movement in education which is to incorporate life or
reality with schooling from the very outset.

Dr. T. P. Torda

I would like to mention in this connection that we have last year established. an experimental
program for high school juniors which lasted eight Saturdays and was devoted to problem solving.
Next year we are going to establish this on a regular basis. I hope that we will be able to extend
such opportunity to high school sophomores and introduce them to problem solving. The goal is to
allow students to make choices of engineering or sciences as carecers more intelligently. By the
time they come to a luniversity or college as freshmen, they will have much less difficulties in
understanding what the problem solving process is and what engineering is all about.

But does it mean that students really don’t need a systematic education, say, mathematics,
independent from any other project-oriented courses? I would think that students who want to
learn, say, topology, would certainly need analysis before that. He simply needs one-year full
courses in analysis and, before that, he will probably need elemental calculus. And I think there
has got to be some systematic education, at least along with this kind of 'program‘

I agree with your statement about the prerequisites for, say, topology. But I do not think that
analysis, or calculus, or any other discipline has to be learned in courses. However, I want to
state quite emphatically that E3 is systematic as are all good educational systems. I pointed out
earlier that the prerequisites are spelled out in each learning module. We build on what the
student knows and if we are successful, and we are successjul, then we lead the students to the
recognition that they have to learn more in all subjects, in. mathematics, fphysics, chemistry, etc.,
but that does not mean that they have to learn these in class. Again and again I wish to state
that I do not think that telling the students: “You learn this because you will need it” is more
effective than if the student comes to the recognition: “I want to solve this problem; I need some
tools; help me find the material I need and I will learn it.” I do not think that our student will
learn less mathematics, or learn it less well, than any other engineering student. I think the
contrary is true.

Dr. F. Torda

I want to go back again to the broader case in education.- Many American colleges are beginning
to abandon the standard survey course. I don’t know what the Japanese equivalent of that course
is, but it is the one in which you teach an introductory course in a specific discipline, with the
hope that in that course you give the students a bird’s eye view, and from there they can begin
to take courses in more substantive areas. Now we start to feel that theory in ‘the social science
disciplines can be approached directly from any subject matter so that a beginning student who
feels that he does not want.to take a course called “Introduction to Sociology,” but rather that his
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interest is captured by a title of a course, perhaps called - “Juvenile Delinquency,” will still, if he
has a good teacher and a good learning experience, be led to the important theoretical material
despite his lack of previous knowledge.

Shimizu

Is there any certification system for professional engineers in your country? If there is, what
plan do you have to get students to prepare for the examination?

In America, there is the certification for professional engineers which is given by the Society of
Professional Engineers, or by different states.—Each state has certification examinations.—This
certification is needed only if an engineer performs public works and also in some very specific other
areas. If an IIT graduate, the graduate from conventional curricula, wants to get a certificate,
he has to study specially for that. He is not prepared to take the examination, based on his
learning in a conventional curriculum alone. Therefore, if an E® graduate wants to take a
certification examination, he will also go to the same course as the IIT graduate from mechanical,
electrical, and other engineering departments.

After transferring out?

No, this is an extra course (the course preparing a student for the professional examination).
This does not belong to any curriculum. But this question came up in Latin America also last
year when we visited several countries, and there the certification is required by the state. There
is absolutely no difficulty in preparing an E® student for the examination. It is not more difficult
than learning mathematics or physics or chemistry on your own.

Matake

Can you get easily right resources enough, after you have selected the theme and drawn up the
curriculum for it?

Yes, but usually every school has certain limited resources. We also have limited resources at
IIT. So we have to live within these and if a student wants to study astronomy, we cannot give
him much help, he has to go to another school. Within the limitations, which are pretty broad,
we can help the student to fulfill his needs in any special area. The theme helps to introduce
the students to certain areas of learning which they have not encountered before and has to be
compatible with available faculty competence.

The theme changes every year, and so you look for new resources when you come to a new theme?
The answer is both yes and no. We are rotating faculty. We needed more faculty from the areas
of thermodynamics, heat transfer, etc., last year than we will need next year. So usually we can
anticipate the need and enroll the type of faculty we will need. This also helps the different
departments in their own planning.

Dr. F. Torda

However, the project group is not limited to the capability of the project advisers. It is the
responsibility of the project advisers to direct students to all of the resources on the campus.
Theoretically, every faculty member on the campus is available to IIT students. Sometimes
students may be reluctant to seek out this help, but it is an important aspect of their education
that they learn to overcome this reluctance and approach the people who are capable of helping
them in specific technical areas.

Kaita

Wouldn’t you find it rather difficult to carry out the E* Program in our educational circumstances
with limited faculty?

In referring also to your written questions, I want to answer them in a broader sense. I-think
that in certain aspects you are lucky, and in others you are struggling as a beginning college.
Let us hope that your resources will be increasing as the demands require. If you want to
establish a new program, it does not matter what the new program is, it is not very good to
“jump in” and do the whole thing in one step. I can recall experiences in this respect in the
United States. There are great difficulties if a whole college is going over immediately to a new
program, no matter how good the new program is. As we are using the student’s resources, he
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brings some knowledge with him and we build on that—so we have to use the resources of the
available faculty, whatever we have. If we cannot teach philosophy because we do not have a
philosopher, then, of course, the student will be the poorer, will have a less rounded education,
but he will probably be better in aesthetics, or in whatever other field faculty is available.

I stated at the very beginning that if you accept the philosophy that motivation to learning is
better than ordering people to learn, within certain limits, what you teach, or what your program
is is really less important because the student will be able to learn on his own if he is motivated.
I would like to say that if you have limited faculty resources, you have to use the limited faculty
and try to enlarge it in the future as the need arises. I see it as a disadvantage, but not a
deterrent. Does this answer your question?

Thank you very much.

But I think you had another question, at least in writing, and that refers more to numbers. The
question was that there are 600 students in three departments with a small faculty. I imagine it
would be difficult to detach faculty to establish an E® Program. If any school wants to establish
an E® Program, or any other new one, my recommendation would be to start on a small scale:
Take a few students from the different years and two or three interested faculty members, and
start two or three projects only. Do not take 600 students and try to start fifty, sixty, or seventy
projects. That will kill your efforts. Take a few, and if you are successful, go on and enlarge
the program. Such enlargement will go on automaticaliy, for more students and more faculty will
become interested, and administration will have to help in hiring additional staff. I hope that
your other question is answered also.

Dr. F. Torda .

In response to the same question, a very small core of dedicated faculty members can have a
very significant impact on the students. I would like to stress again that the quality of the
student-faculty relationship is very different, that the authoritarian relationship to the students is
absent in E3. When a faculty member has an opportunity to interact on such a {small-scale basis
with students, the nature of his particular discipline may be secondary to the quality of what he
represents. What he teaches may be less important than what he expresses in other ways.

Tsugawa

Your program seems to me to tend toward chemical engineering, such as fluid dynamics, statistical
mechanics, and thermodynamics, but I think students do not necessarily want to study such
engineering alone. Some students will feel they are forced to do projects, because they may
want to study, for example, electrical engineering, or architectural engineering.

E® is designed as a multidisciplinary program. We do not want to compete with the other
departments. So, if a student comes to E® and says: “I want to become an electrical engineer,”
we send him to that department. But if an E® student in the third year says: “I would like to
know more about communication, or medical instrumentation, or whatever,” then he can specialize
in those areas. If a student wants to study other specialties in his junior or senior year, let us
say electrical engineering, then we assign as his adviser the professor from electrical engineering.
By taking three or four additional courses, the student can get two degrees simultaneously: The
Bachelor of Science in Engineering and the Bachelor of Science in Electrical Engineering.

Do you accept credits of those students who transfer into your Program from other colleges or
universities than IIT?

This is a very important question which has to be answered in two parts. The direct answer is
ves. It does not matter where he comes from, we in E® accept his credits. However, IIT may
not accept all the credits from another college, and we have no control over this.

Up to now, I had no opportunity to point out one very important constraint and I wish to
state it now. I said that for graduation a student needs certain number of credits. But a hundred
thirty-six credits,‘or hundred twenty-eight credits, or whatever the humber is do not make an
engineer. All the students in E® know that they have to prove to the faculty that they are
qualified to get a degree, and that this does not depend on the number of credits they accumulated.
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This is a very important difference between our program and other engineering programs at IIT.
And do you accept their humanities credits also?

Yes, as long as IIT accepts these. I did not want to say that we accept his credits and IIT does
not. IIT first has to accept the student. Only then may we accept him.- But IIT may not accept
all the transfer credits, and we cannot accept more than what IIT does.

Dr. T. P. Torda

I will be glad to accept additional questions in writing—as long as they are in English—and will
answer them in writing. At this time I would like to thank Mr. Matsuo very much for the very
tiring and difficult task he has done so excellently in acting as an interpreter. I think that his
job was the most difficult one this afternoon, and certainly we should give him a big hand.
(Applause) I would also like to thank you for your very interesting and incisive questions which
are most important for us in the further development of the E® Program. Thank you very much.

QUESTIONS AND ANSWERS ON E?® IN WRITING
Seki

How much is the cost of education in an ordinary program and in E? Program each for a student
per year at IIT? And what does the cost consist of?

Note: [ mean by the “cost” not what a student pays you
for his education, but what you spend to educate him.

Presently, the average tuition of a student pays for between 55 percent and 65 percent of the
actual cost of his education. This means that between 35 percent and 45 percent of the cost has
to be made up by contributions from industry, by state and federal subsidies, and from other
sources. The average student-faculty ratio at IIT is 11 to 1. The projected budget for E® during
the fifth year of implementation—the first year beyond outside support—is such that 55 to 65
students will have to be enrolled in order to match the prevalent cost effectiveness of other
programs. Since we anticipate more than 100 students in the Program, E? will be far more cost
effective than other programs at IIT. Incidentally, the projected student to faculty ratio in E3
will be between 13 to 1 and 15 to 1.

What are the research funds for E® staff (especially faculty members), independently from the E?
Program implementation? That is, what are their research conditions? )

Presently, no research activity exists within E® other than the ongoing educational research.
Part-time E® faculty membears continue to carry out (or not) research in their own departments
as they have done previous to being assigned to E°.

About learning modules, e.g., those of dynamics. What is the fundamental learning matter in
dynamics? And from what point of view do you select the fundamental matter?

All learning modules follow the contents of accepted books in the IIT undergraduate curriculum.
You say professional education is carried out in project work in E®. Then do you think that a
student who wants to learn, e.g., mechanical engineering can in principle obtain systematic
knowledge of mechanical engineering? If possible, please explain the reason in detail.

At IIT, E® is designed as an interdisciplinary curriculum leading to the BSE degree. If a student
wants to study mechanical engineering, he is referred to the Mechanical Engineering Department.
However, I wish to state again that the philosophy and methodology of E® are applicable to
education in special curricula also, for instance, mechanical engineering, etc. Our particular
curriculum is, however, interdisciplinary.

I would like you to give me a more concrete example of integration of the humanities and social
sciences into project work.

F. Torda

I will illustrate with a project which was concerned with a system for tornado detection and
warnings to persons in immediate danger. The students debated the technical merits of installing
an electronic device in individual households making it the responsibility of household members
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to be alert to danger signals. In addition to examining the possibilities for mechanical failure,
it was necessary also to investigte the likelihood and wvariability of human compliance with
eémergency warnings and the basis on which such a device should be installed, as a voluntary or
as a government responsibility. The question of human compliance led to study of the literature
on disaster research and involved philosophical considerations related to conceptions of destiny.
The issue of distribution led to discussng of the political and economic implications of each
strategy. The students learned that solving the technical aspects of the detection system would
be naive without a better understanding of the social forces which would prevent effective
adaptation to it.

Why is it that there are three political science faculty and three humanities faculty, while you
have only one sociology member in your HSS staff? And by what principle did you decide to
have six faculty in mechanical engineering, three in electrical engineering, and very few in
other fields in Jjyour engineering?

In the reports, the lists of participating faculty are cumulative and those named from the same
departments do not necessarily work on E® simultaneously. For instance, one electrical engi-
neering faculty worked at a time and not three, etc. Faculty members are recruited according to
anticipated needs and within the constraints of strengths and weaknesses of respective de-
partments. Incidentally, at IIT, history, linguistics, philosophy, literature, and science information
are all designated as “humanities” and this may contribute to misunderstandings about faculty
distribution.

Tamano

To what extent are the “final reports” carried out in content compared with the graduation thesis
in conventional courses?

There are no documents in conventional curricula corresponding to these final reports of E®
projects. The latter are similar to those issued in research projects. “Graduation thesis” does
not exist in conventional curricula at IIT.

I think it would bs more appropriate for the E® Program if sometimes students could work
thoroughly centered about one theme area. What is your opinion, Dr. Torda?

If I understand the question correctly, it suggests that each student should work on projects in
one theme area throughout his studies. E® being an interdisciplinary program, we insist that
each student should be learning as much as possible in the various engineering disciplines.

PART TWO
PANEL DISCUSSION

Cochairmen:
Dr. Masamitsu Kawakami «++coveeveeeeans Dr. Koji Nakamura

Panellers:

Professor Kenichi lijima ««-ceevevevennneeneeaainnn. - Electrical Engineering
Member of Japanese delegation
to US. - Japan Joint Seminar on
Engineering Education, 1973

Professor Tominaga Keii ««-ccvvvvvrieneineneenenn.. Chemical Engineering

Mr. Shingi Saito---ceeerereeemeniniiiiniiiiiiiinens Humanities
President, Tsuruoka College of
Technology

Professor Masao SeKi ---ccereerererecnnerennee.. Research Institute for Higher
Education, Hiroshima University

Professor Tomoo Kimoto -+ rccereeremeneneneninennen. Mechanical Engineering

Reporter of “The Comprehensive
Practice Center” at Ariake
College of Technology
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handicraft again in the college? )
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Prof. Iijima
Oh excuse me, we are not trying to introduce
such a thing into college engineering education.
We do not want that.

Prof. Torda
You say that you do not or we do not?

% F. X. Bradley, Jr. Acting Executive Director
of ASEE. 197448 A16HfF
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Prof. lijima
We.

Prof. Torda
You do not introduce machine shop?

Prof. Iijima
No, no, I mean nothing like a beautiful handicraft.

Prof. Torda
Do you introduce machine shop?

Prof. Iijima
Yes.

Prof. Torda
My further question, or a continuation of this
question would be: How are skills best learned?
As with theory learning of skills is better if
there is an established need.

Prof. Iijima
Yes, that is right.

Prof. Torda
So, if a student wants to make a piece because
he wants to make a better job, or bscause he
wants a good model, then he will learn how to
use the machine tool to the same degree as if
the instruction serves the purpose of just learning
to use the machine. However, the level of his
motivation will be quite different in the two cases.
I do not know whether one has a real answer to
this.

Prof. Iijima
I do not know, either.

BR WEOIRK L CIEMMRLD 30 ?

Sekiguchi
(Assistant Prof. Nagaoka College of Technology)
I do not know if I am qualified to join this
discussion at the present time, but let me add
some of my opinions, because Mr. Torda’s question
involevd a very important and basic dispute in
technology education. He pointed out that we
Japanese have traditionally very highly advanced
craftsmanship. Isthat what you mean? But, you
know, our craftsmanship is acquired on a personal
basis. It is handed down from tutor to apprentice.
It is mainly individually oriented craftsmanship.
On the other hand, the Western tradition is a
so-called civilization of machinery. So I think
these two aspects of technology are quite different,
I mean, we need Western technology on the one
hand. So in colleges we have to teach this new
technology from the Western world. This is why
we need a new method of technology education.
I do not know if this is the answer to your
question, but that is what I think.
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Professor Torda, we well understood what you
said, what you questioned concerning our project.

Prof. Torda
Professor Tanamachi, you raised an important
_question earlier and made a significant point.
Particularly your example of sharpening pencils
brings to mind several issues. I would like to
address myself to two of those which I think are
the most important.

Why do we sharpen a pencil? Bzscause we
need something to communicate with, We either
want to write down something for ourselves, or
for somebody else. If we have a ballpoint pen,
we can use that, too, it will also serve to com-
municate and in the final analysis it does not
really matter which way we achieve it. The
sharpening of the.pencil is something which can
involve personal pride.

I would like to use another example so that
we do not use only sharpening of pencils. If we
want to communicate something by photography,
the developing of the negative and the printing
of a picture or a slide may be fully automated.
And yet, in order to be able to communicate
better, we have to learn how to make the picture
express more, how to bring out certain details,
place emphasis on certain things, and probably
even correct the lighting. We in E® insist that
a student not only takes pictures and then hands
them to somebody for developing, but that he learns
how to develop, how best to bring out what he
wants it to express, how to enlarge, how to crop
a picture. He could simply send it to the shop
and get it developed, like one could use a motor
driven pencil sharpener. So in order to develop
the skill of expressing oneself more accurately,
one needs this skill of sharpening a pencil, or
developing pictures, or enlarging pictures, or
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whatever. I think that you will understand that
I put great emphasis on the need for perfection,
no matter what it is, whether it is sharpening a
pencil or taking a picture. The best quality has
to come forward, but the question is motivation.
If I put a student into a shop and tell him:
“Sharpen twenty-odd pencils, or develop twenty-
odd pictures,” at the end of his task, he will do
a much better job. If, however, he needs a better
sharpened pencil or a better picture, then he will
make it his business to learn the process even
better than when I put him in the work situation.
This is the first point I wanted to make.

The second point I want to make is a much
more important one and it refers to the question
of how technology affects society. Our industrial
system creates artificial needs, and here I again
refer to your mechanical pencil sharpener, or a
mechanical can opener. Ordinarily, a can is not
opened better because we use an electrical motor
to do so. We are only wasting energy and material
resources which could be used for better purposes.
And so we reached the second and to my mind
very important point: What is the responsibility
of the engineer and the technologist? Should we
make electrical pencil sharpeners? Or should
we use energy and material for better purposes?
Mrs. Torda brings up the question of the skill
of the engineer. We have certain skills and we
use them, but how should we use them productive-
ly instead of devising gadgets? We should use
them to devise useful machinery or whatever.

Prof. Tanamachi
Mr. Torda, thank you for your further explana-
tion. I fully understand what you said, and even
so we express it differently; we have basically,
fundamentally, the same ideas about motivation,
the interaction of technology and society, and also
that some experiences concerning skills are neces-
sary and so forth. So thank you very much.
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On the Effect of Errors of Measurement in the Computation of
Fourier Coefficients by Numerical Integrations

When the definite integral is computed by the numerical method, and the values
of function are given as datum of measurement, the approximation errors are
affected by the errors included in the datum as well as the truncation errors.

We'd like to survey how much the effect might be, for example, in the nume-
rical computation of Fourier coefficients.

Seiju Saruwatari
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A Direct Calculation Method of Specific Surface
Area of Particles or Packings

Rec vs. fc/Rec chart where the specific surface area of particles or packings
can be obtained by the flow resistance method is presented here. If this chart
is used, the specific surface area can be, whether the flow in the packed bed is
laminar or turbulent, calculated by the direct method.
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An Electronic Digital Computer Program for
Selecting Change Gears (Part 2)

83

Cutting screws or gears by a machine tool requires a certain rotation ratio
between the two axes. In general, with reference to the change gear table recom-
mended by the machine tool maker we select the four change gears out of those

attached to the machine.

However, when the rotation ratio required is not found in the table, or the
recommended gear is chiped, we must select the change gears by any means.
This paper shows an electronic digital computer program for selecting change

gears in such a case.

Gozo KIMURA and Yoshinori KAWASAKI
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0.9—+ERR
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#% ATAERARETA GENSOKUHI NO HAGURUMA NO KUMIAWASE =#
LA WO MOTOMERU MONDAT e
DIMENSION A(C100)+B(€1000)+INDEX(1000)
INTEGER A+DIA
Noeeeesoos s HAGURUMA NO KAZU
Aseosseess HAKAZU
Besoessoss2 MAI NO HAGURUMA NO HAKAZU NO HI
Keeesaesss2 MAI NO HAGURUMA NO KUMIAWASE NO KAZU
## HAGURUMA NO HAKAZU WO YOMIKOMU #»
I=1
READ(54500)ACI)
FORMAT (110)
IFC(ACI)EQ,0) GO TO 2
l=]+1
GO TO 1
N=[=-1
*% YOMIKOM] OWAR] e
##  HAKAZU NO [NSATSU ==
WRITE(6+1600)N
FORMAT (1HO«///+20X+16HHAGURUMA NO KAZU5X+I5)
WRITE(64610) CACI) v [=14N)
FORMAT (1H0+20X+1216)
##  HAKAZU NO [NSATSU OWARI ##
CALL GEAR2(N+A WK1 B+ INDEX)
CALL HYO1 (K« INDEX)
READ(5+510)EPSDIA
FORMAT(F10,6+15)

Reyoeraee  NOTOMERU GENSOKUH]
EPSsese0ssKYOYO GOSA
DIAyias-eoJIKU NO CHOKKE]

WRITE(64620)

FORMAT (1H1)

1X=3145

DO 100 IR=1.20

CALL RANSUUCIX«R)

CALL GEAR4(RIEPS+DIAWK B¢ INDEX)
CONTINUE

STOP

END

SUBROUTINE GEAR2(N+AKsByvINDEX)
INTEGER A
DIMENSION A(N)+B(K)+ INDEX(K)
#% 2 MAI NO HAGURUMA NO KAITENHI WO NARABERU %=

Noosorees e HAGURUMA NO KAZU
Aveasaser HAKAZU
Kseveossss2 MAI NO HAGURUMA NO KUMIAWASE NO KAZU
Basesasese2 MAI NO HAGURUMA NO HAKAZU NO HI1
INDEX..+¢,2 MA] NO HAGURUMA NO HAKAZU

Ke=1

B(1)=0,0

INDEX (1) =0

NN=N-1

DO 110 I=1.NN

I1=]+1

DO 100 J=I1N
V=FLOAT(A(IM) /FLOAT(A(J))
K=K+l

L=K

L=L=1

IF(V,LT,B(L)) GO TO 2
B(L+1)=V
INDEX(L+1)=A(I)*#256+A(J)
GO TO 100

B(L+1)=B(L)
INDEX(L+1)=INDEX(L)

GO TO 1

CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE GEAR4(R+EPS«DIAK B, INDEX)
INTEGER BJAWAXsBXsCXsDXsAZvBZ1C2sD2Z
DIMENSION B(K)+ INDEX(K)

## GENSOKUMI R NI TAISURU 4 MAI NO HAGURUMA

* %

NO KUMIAWASE wO MOT@MERU

Reyasesse MOTOMERU GENSOKUHI
EPSeesss4+eKYOYO GOSA
DIAy+seseesJIKU NO CHOKKEI
Kesssssass2 MAI NO HAGURUMA NO KUMJAWASE NO KAZU

Bevesavess2 MAI NO HAGURUMA NO HAKAZU ‘NG HI
INDEX.,4+.42 MAI NO HAGURUMA NO HAKAZU

WRITE(64600)R.EPSDIA

FORMAT (1H
14HDIA=413)
SRaSQRT(R)
KOTAE=0
ERR=0,9
Kl=K=1

+//+7TH RATI0=yF8,6410X+12HERROR BOUND

DO 100 =2,4K1
IF(BC(I).LT.SR,AND.,B(I+1),GE.SR) GO TO 1

CONTINUE

WRITE(64+4610)

FORMAT(1HO+10Xs47Hs R GA HAGURUMA NO KUMIAWASE NO HANI[GAl DESU #)

GO TO 10
IS=]
IK&IS
RS=B(IS)
IL=1K
TL=]L+1

IFCIL.EQ,K+1) GO TO 9

RL=B (IL)

W=ABS (RL#RS=R)

JYOKEN=0

IF(W,LT.ERR) GO TO 4

GO TO 6

INDL=INDEX(IS)
CALL HAKAZUCINDLAZBZ)
INDL=INDEX(CIL)
CALL HAKAZUCINDLCZ+D2)
IF(AZ+BZ,GE,CZ+D!A+2,AND,CZ2+D2,GE,BZ+DIA+2,AND,AZ,NE,CZ,AND,

1AZ,NE.DZ,AND.BZ.NE,CZ,AND,BZ,NE,DZ) GO TO 5

GO TO 6
JYOKENe=1
FRR=wW
AX=AZ
Bx=BZ
Cx=CZ
Dx=DZ

IF(RS#RL,LT,R=EPS) GO TO 3
IF(W,LT.EPS) GO TO 8

1S=15-1

IF(1S,EQ,0) GO TO 9

GO TO 2

IF(JYOKEN,EQ,0) GO TO 3
#®* MITSUKETATOK] #»

KOTAE®KOTAE+1

CALL INSATUCRWAX1BXeCXsDX)

ERR=0,9

¢

IF(KOTAEWNE,10) GO TO 3

GO TO 10-

1F(KOTAENE,0) GO TO 10
#%  NAITOKI #»
WRITE(64620)
FORMAT (1HO 20X ¢ 8H## NO ##)
CALL INSATU(RsAXsBX+CXsDX)

RETURN
END

R
*a

WF12,6410X>



1 SUBROUTINE HAKAZUCINDL+[AW1B)

2 C ##  INDEX KARA HAKAZU WO MOTOMERU we
3 C INDL.s+ess2 MAI NO HAGURUMA NO HAKAZU
4 C TAvIB, .o HAKAZU

5 IA=INDL/256

6 IB=INDL=1A%#256

7 RETURN

8 END

1 SUBROUTINE HYO1 (K« INDEX)

2 DIMENSION INDEX(K) +JJ(3) v JA(3)+JB(3)sRI(3)
3 C #%x  HYO 1 NO INSATU »=

4 C Kesosesess2 MAI NO HAGURUMA NO KUMIAWASE NO KAZU
5 C INDEX.,¢.+2 MA] NO HAGURUMA NO HAKAZU
6 LCOUNT=60

7 Kl1=K~1

8 DO 110 L=1+K143

9 [F(LCOUNT,LT,44) GO TO 1
10 WRITE(64600)
11 600 FORMAT(1H1+///+3(18X 1HA+6X+1HB12X3HA/B))
12 LCOUNT==1
13 1 LCOUNT=LCOUNT+1
14 [F(LCOUNT,NE.LCOUNT/5#5) GO TO 2
15 WRITE(£4610)
16 610 FORMAT(1H )
17 JE=3
18 IF(L+3.GT.,K) JE=K=-L

19 2 DO 100 J=1.,JE

20 Ld=L+J

21 INDL=INDEX(LJ)

22 CALL HAKAZUCINDL+1AWIB)

23 JJ(D=LJ=-1

24 JACD)=1A

25 JB(J)=1B

26 RJCJI=FLOAT(IA)/FLOAT(CIB)

27 100 CONTINUE

28 WRITE(6+620) (JJCI) ¢ JACU) 0 JB(U) WRICI) v J=14JE)
29 620 FORMAT(1H +3(6Xs1446Xe1344Xs[345XsF10.6))
30 110 CONTINUE

31 RETURN

32 END

1 SUBROUTINE INSATU(RVAX+BX+CXDX)

2 INTEGER AX+BXsCX DX

3 C *+# KOTAE NO INSATU s

4 C Revsuvese  MOTOMERU GENSOKUHI

5 C AX+1BXsCX9DX, o0 e HAKAZU

6 RS=FLOAT (AX)/FLOAT(BX)

7 RL=FLOAT (CX)/FLOAT(DX)

8 RSL=RS*RL

9 ERROR=RSL=R
10 WRITE(64600)AX+BXvRS+CXsDXsRLsRSLERROR
11 600 FORMAT (1HOv3Xe3HA/Bv1515Xe134F14,46+5X43HC/DvI15¢5Xs13¢F14,.6410X0
12 111HCA/BY#(C/D)F15.6.5X+6HERROR=4+E10.,3)
13 RETURN
14 END

1 SUBROUTINE RANSUUC(IX.R)

2 DOUBLE INTEGER 1Y

3 [FCIXNE,OQ) 1Y=IX

4 IY=1Y#*253

5 1Y=1Y=1Y/65536#65536

6 R=DFLOAT(IY)/65536,0

7 1X=0

8 RETURN

9 END

N
I

Fig. 4 7 = 7



90

HAGURUMA NO KAZU 40
20 22 24 25 28 30 32 33 35 40 44
48 49 50 54 56 57 60 64 65 66 70
75 76 77 80 84 85 90 96 97 98 99
1o 120 125 127
N
Table. 2 # % # # &3
A B A/B A B A/B A B A/B
1 20 127 0,157480 2 20 125 0,160000 3 20 120 0.166667
4 22 127 0,173228 5 22 125 0,176000 3 20 110 0,181818
i 22 120 0,183333 8 24 127 0,188976 9, 24 125 0,192000
10 25 127 0,196850 11 20 100 0.200000 12 22 110 0,200000
13 24 120 0,200000 14 25 12% 0,200000 15 20 99 0,202020
16 20 98 0,204082 17 20 97 0,206186 18 20 96 0,208333
19 25 120 0,208333 20 24 110 0.218182 21 22 100 0,220000
22 28 127 04220472 23 20 90 0,222222 25 22 %9 04222222
25 238 125 0.224000 26 22 98 0224490 27 22 97 0,226804
28 25 110 0,227273 29 22 96 0,229167 ) 28 120 0,233333
N 20 85 0+235294 32 30 127 0,236220 33 20 84 04238095
34 24 100 0,240000 35 30 125 0,240000 36 24 99 0,242424
37 22 90 0,244444 38 24 98 0,244898 39 24 97 0.247423
40 20 80 0,250000 41 24 96 04250000 42 25 100 0,250000
43 30 120 0,250000 44 32 127 0,251969 45 25 99 0.252525
56 28 1l0 04254545 47 25 98 0,255102 48 32 125 0.256000
49 25 97 0,257732 So 22 85 0.258824 ol 20 17 0,259740
52 33 127 04259843 53 25 96 0.260417 54 22 LIS 0,261905
55 20 76 0,263158 * 56 33 125 0,264000 57 20 15 0,266667
S8 24 90 0.266667 59 32 120 0.266667 60 30 110 0.272727
136 30 32 0,937500 737 a3 48 0,937500 738 60 64 0,937500
739 75 80 0,9375¢C0 740 vo 96 04937500 741 80 85 0,941176
T42 33 35 0,942857 743 66 70 0,942857 T44 85 90 01944454
74% 120 127 0,944882 T46 54 R4 0¢947368 147 72 T6 0,947368
T48 57 60 0.,950000 749 76 80 0.950000 750 80 84 0,952381
751 24 2% 04960000 752 A 50 0,960000 753 72 75 0,960000
54 9 100 ©,960000 75% 120 125 04960000 756 7 80 0,962500
157 54 56 0,964286 758 32 33 0,969697 159 64 66 0:969697
760 96 99 0,969697 761 97 100 0,970000 762 70 T2 0,972222
763 73 17 0,974026 Te4 a8 a5 0,977778 765 a8 49 0.979592
766 96 98 0.979592 T67 97 99 0,979798 768 49 50 0,980000
769 98 100 0,980000 770 56 57 0,982456 771 125 p¥ag 0,984252
772 68 65 0,988615 773 €5 66 0,984848 774 75 76 0,986842
775 76 17 0,987013 176 8s 83 0,988235 777 96 97 0,989691
778 97 98 0,989796 179 98 9% 0,989899 T80 99 100 0,990C00
Table. 3 FEHER—2 EOWEL X 2 ERLL/NS VT HLIEANTER
RATI0=0,141190 ERROR BOUND 0.000050 DiA= 15
A/B 30 80 0,375000 c/0 32 L+ 0,376471 (A/B)®(C/0) 0,141176 ERROR==0,131E-04
A/B 24 64 0.375000 </ 32 85 04376471 (A/B)8(C/D) 0+161176 ERROR==0,131E-04
A/B 28 aa 04363636 c/D 33 85 0,388235 CA/B)®(C/D) 0.14117¢ ERROR==0,132E~04
A/B 24 66 0.363636 </ 33 Lk 0.388235 (A/B)=(C/D) 04141176 ERROR==0,132€-04
A/B 30 85 0,352941 c/o 32 o0 0,400000 C(A/B) e (C/D) 0,141176 ERROR==0,132E=04
A/B 30 L] 0,352941 c/0 a0 100 0400000 (A/B)e(C/D) 0141176 ERROR®=0,132€~04
A/B 30 85 04352941 C/0 4 110 04400000 (A/B)®(C/D) 0.1a1176 ERROR==0.132E=04
A/8 30 85 0.352941 C/D a8 120 0,400000 (A/B)®(C/D) 04141176 ERROR==0,132E=04
A/ 30 85 0,352941 /o S0 123 0.,400C00 CA/BYe(C/D) 0,141176 ERROR==0,132€-04
A/ 24 70 0,342857 /o 35 85 0.41176% (A/B)e(C/D) 0.141176 ERRORe=0,132E=04
RAT10=0,720963 ERRCR BOUND 0,000050 DlAe 15
A/8 57 70 0.814286 </ 85 96 0.885417 CA/B)=(C/D) 0.720982 ERROR® 0.196E~04
A8 66 85 0,776471 c/0 65 70 0.928571 (A/B)e(C/D) 0,721008 ERROR= 0,458E«04
AsB 65 85 0,764706 /0 66 70 0,942857 CA/B8)&(C/D) 0.721008 ERROR= 0.458E-04
RAT10=0.403519 ERROR BOUND .0,000050 DlAe 15
A/B a9 80 0,612500 /0 56 83 0.658823 (A/B)e(C/D) 04403529 ERROR= 0,107E-04
A/B &9 85 0,576471 c/0 56 80 0.700000 (A/B)#(C/0) 0,403529 ERROR= 9,107E~04
A/B a9 85 0.576471 <¢/0 70 100 0,700000 (A/BYe(C/D) 0.403529 ERRORm 0.107E~04
A/B &9 85 0,576471 c/e 7 110 0,700000 (A/B) e (C/D) 0,403529 ERROR= 0,107E=04
A/B a9 85 0,576471 c/e 84 120 0,700000 (A/B)®(C/D) 0.403529 ERRORe 0.107E-04
A/B &8 85 0.517647 /o 99 127 0,779528 (A/B)#(C/D) 0,403520 ERROR= 0,143E-05
A8 49 100 C.490000 ¢/ 70 85 0.823529 C(A/B)®(C/D) 0.403529 ERRORe 0,107E-04
A/R 3% 5 0.460526 </0 8s 97 0,876289 C(A/B8)#(C/D) 0.403554 ERROR= 0.352E-04
A/B 89 110 3,845455 co 17 8% 0.905882 (A/B)@(C/D) 0.403529 ERBORe 0,107E-04
ArB s L] D,411765 c/D o8 100 0,980000 <A/B)e(C/D) 0.403%29 ERROR= 0,107F-04

S T E
Table. 4 SIEHERE—FAE (HEk) BAEC X 2R BEORES
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Experimental Study on the Flow at the Delivery
Side of Multi-blade Fan (Part 2)

In a series of the experiments to aim at improving the performance of multi-blade
fan, the flow pattern and the characterestics have bsen almost grasped. Now the

experimental study on five impellers with different exit angle has besen carried
out in order to investigate the influence of the exit angle of the blades on the fan

performance and the flow conditions.

In conclusion it is clear that the fan performance of an impeller with the
smaller exit angle of the blades should bz bztter than that of an impeller with
the larger one, and the larger excess angle must bz given to the blades to develop
the pressure, because the slip of an impeller with the smaller exit angle is larger.

And the measured value of the flow direction leaving the exit side of each

blade is nearly in accord with the calculated one.

The outcomes are as follows.

1. ¥ A H &

SEABEBOMEEDOH LICBT A —HOERICK
T, Wi CREBEORHMADZ 2 738D OFPREI
DWTHEBREY B It oo, TOMKR, 2F EAIHE
SNEEADOFBOKRE - LR IR,

LaLienih, 3EERBEOBIEMSEY D RE
ERIHLEFEDC LTSN D, Lichi-TAE
B CUATEOHMREL » bR AY/NEL & D,
ERPEENEELREL LA2EY OFRECO
T, ZhbHBRE - BESERCE 2 2B RI0ZN
CBIE L TEH D EROWERL B, EHLEAD
RA & EFANT,

b OERIIBHICA E B Y SIS TREA
AL HE & RRE L OBIREL AT IFND &
bich, FEE - BESEOEHRAEZFAL E1rbD
WETH b,

WHORBORE IR DOER LR UL, WA
=7 AL Y HRTI MRBOLTEED 4 KT, RE
HFABO D2 TR 7

2. % B B ®

B OEBR ThH D Euler O Hipo = —[%
CRIND S XK, AE—EDOLEET CHREKERL

Kounosuke Kiyomori

DEEDLFE LA Hipoo TRKELTBHIIE Cyz K
L LHhF bR, MHOFER T Cre=3.3U; &
7B X O IRIEHEA B HA LA, HiEliRoR
oL TEN EAVBERECEL V3 LIEEHH
gl

X oT Cyp DELEH EADOR R EORESFEH
T HEMTSEL Cra=kU; TERLR b DR X
HIZKEL L b, Bt SICET 3 FEHREOBEREY
FERANCR R, Zh LRICEREO TR R
FHERINTRY, POEAEL OREY B oo,

3. EREBHIVERFE

FERIEE & TR EF—Th %, EWhoR
RBOBEIXEERRE LD 48, ThbbelE, &Ed
RE, mEENE, RESETRIR >7, BEMER
1R T L 5 elka~r <y 24X b ZT90° fEFE
r > BEHD E,F,G,H D45 Thb,

WEPRIL OB B LS D UDREL IS FLE + —
AV, SRAPREOFTERME 7 = — 7 ink
AL, FRBEX 0 10mm A0E T, T
10mm R THFHI,

TeRBlECSHIC-T, =—FA (yaw angle) DFEHE
EIEES L 7 7 MY S PEY & > 10, TV
~ 7 e — THREROEE L, € v 5 (pitch angle)
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P45 P ETIIRERFIC B TIHRATRREL 25D
T, AERTIEZ R EOAEOTRICOWTITEER
%35\: f;‘?‘tll\tgll\o

K1 # & £ &

4. # B B

RERITIEEREDO TR E A (LB E T5m?/min 2%
AL E 85mmAq, EES 19007pm THE I hicd
DT, BHAA B,=3825 Th b,

(FD 1)PTORLX 51, PIRE BI1p,—2825,
PHRE C 1% B=18"25 1T & > Tco BEF L Cuo=kU»
TERLICE DRI B DEIVPEIEEREL D,

\Q R C

s B

FREA

B 10° 20° 30° 40° 50°
2

B2 8 rkroBi

ZD Btk LOBMRIIN2EFT X 5E—IE 82—~ 0
DY & ko DEANRLDN, B ZPHE DL,
Tfe bk DEDEEINEL £5,

Lichi- CTEBREROFEEDOHE NS B.=10°25,
B=5"25"D2@hx LY, FhFREPEE D, P
BEE XL, 2OXK B2 EDD L, FIRKE
BRI 1T 22 FRED Cye & yaw angle OEEFHE
BOEDISRLTRES, 7o Lho#Esd e
TR AEOILTAY « 2T 5,

AR EA

BAQD, HAOHENEESY W), W, Bl A%
B1, B2 2L, W1i=Wa, B1+B:=90" & 33U Cy=2U0,
DEHRENNB D, DER

.o e=21°40
'Y T yaw angle=90"—21" 40’
=68 20
FAVRED

= ° o/ M2 CM_____ U,
tan Bp=tan 10" 25'= Wua Wy

L ¢ §
it g, =

o5 DL _Us Dy _ 235
f s > 3 —
B A0S =D, Wy ST D, T30

D U 25 U
?="D, tanl 025 ~ 310 0.1838

=4.125U;
X 2T Cye=Uz+Wyz=5.125U2
k=5.125

Wu

__ 1 235
=%.125 ~310 ~0-148

S a=825
X 5T vaw angle=90"—825’
=81°35
FAREE

C, U
=] o/ M2 1
tan Bz—tan 5°25 WU2 WUZ

N
g i U2 o D2

Dy, U, Dy 235
Boypel a2 o O > > —_——
tan 5 25 = D2 WUZ ENT D2 — 310




PRE| A
B2 38°25" | 28°25' | 18°25' | 10°25' | 5°25'
D, mm| 246 | 246 | 237 | 235 | 235

B3 BREKE S
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Woroe D] Uz _ 235 U2
U2™ "D, tan 5°25' 310 0.0948
=8U2
X 5T Cye=U+Wy,=9U,
. k=9

o e Cm2_ U1 _ D1 235
Cy>~ 99U, 9D, 9 310
=0.0843
Coa=450
X >T yaw angle=90"—4"50
=85"10"

PRE A,B,C,D,E0RBENYN I RL, BH
AOEERRYE 4 w7, BB OREHEITIL
EPREL HFE—T, BOER, FAR~OIMIIED:
LDThHsb,

Cue=2U2 fo———— Cre=2.80: ——1
les— Cij2 s —  Ciz
HRRMA
yaw angle yaw angle=68°20
gl S
-~ W:

G Cz/ ? c"“’,

ZZX\e 82 w

Uz U2

yaw angle=60°5'.-%| C, FHRR
/

le————— =330z —————=d
ta——— C2

A/RRC

—64°35'
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-
G G W2
=2 o B2
Uz

yaw angle=77°

Ci

Cp=5.1502 ~—————————————wd @A R D

yaw angle=70° -2
. Cz

3 P2

yaw angle=81°35'

Cu2=9U2

ARME

< yaw angle=71°10

vaw angle= ssnct\.l

4 PHREH D OEERR (FH) LRBIHAOHEME (2 S8

5. % B & R

PR BB O EMERR 1900 rpm 313 D4R
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®, ENREIL ¢= T WERR
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b= E g, BIRE
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=" 1w TEFT D
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B AE)FES L O pitch angle 2 EMER L bk E
b, —F vaw angle IZPERHICKE B DT, $EF
A4 E = (FIE A DBEE) Xcos (pitch angle) X cos
(vaw angle) OBRLEHETE S,

DETHREOEBY S FENC ST ithok
2LHAER 1R L, BFRSEE=ELD
BE) xsin (pitch angle) TH A5, FIROLEH
ASEERRENC, BTASREYEIC L > ThHD
}’)Lf&o
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Optimal Gain Recovering Points of Decaying Gain
Time Optimal Control System
(Algorithm and Numerical Exampl)

An algorithm for gain recovering points in decaying gain of secondary order
time optimal control system where the control was costrained by the condition
1<|z| was shown in the previous paper.

The algorithm was a graphical and numerical method, the graphical method
was so tedious and approximate. This paper will present an algorithm by digital
computer and calculated results of the gain recovering points.

Michio Araki

1.% 2 # & FE R AL R REEH I I D RO S L O
5 1EICRT 2 KB BT, RoRawn 0 ETEROT TONAREIREROR
L TR B B A, (EE EOEE B%o

DEXY, BIFE « 1T |2 <1 OB CRACEE

2. HEAEEESROFEX
THMBC OV, ER2, 3 TTTEEL

(1) #FEOBRICHBEEETESES

B ROEE EOWIA X ) BA~A S BB, (1)
HER N KOBIT L VIEREEERIIUD u=—1 : L, HHERT
LA ILN SR A B T ts T u=+1 KL bR CERAREET 5, W
RARR moR R T A D RERA ¢ BRBE OB ORIE L
T
T 1) =—e 4+ 2(1+t:—C) et —(H+1—C¢) et
£ 1 = 22(C) =eC—2eCtet1 (2)
ROREHFBRIWFFEL 1235 (1) XT B .xx
EEINBD, TOMBIIFKFEEZ LY, Bang-Bang fl c

HWrich, BABEATERM 4 OWHA L 5% 8
ts T2~ LTH2KACB, BDATEDHX
o, E R TER R TR B TR R : 2
BHELLE2RFOAEOIL =10 OEEOHHE
2R T, 6K, TR LY ESANA S REHE
BT, DHFSE CHSEEYARS L X, L
HEEOFIBEBESEELRDD HHk, IO 4=10 ©
BEOHEERIT OV THIRIRBEIR TV 5,

LaL, StBOBEMHES »b— IR ETRkdIL D L a
ThY, REMTHEEIB LN > T AWERRE £ 2 X




104

THE 2 bNb, BIEEN TR L bR ARNCFEEEY
Fis5 L&, MPFELLOMERMC L, TOAN
LEERO—EYR 2 CRAZIZTREERMEN § Thh
i tr=(+6) RN TIMEINREFBEELST
HBHLE2 LN, FHARERLTMER LR
ts T A—2 L L THEZDRTWE D, ZTORAD
s FHELICROARZWRET ARYRDIZ LI LD
EnExbhb,
210 +22(0) +e -+ {1—22(0) +e¢}
X {ln—%-(l-—xz(t)+5‘5)}=0 (3)

ZORDMEIIREDOHER, HAHMEHKLZL T
{, §=00Dt T—EMEIMET 5, ZORFEFEFRL
DERIIBEOZEEL, ZOBRERDBEZ LT, i
HEEOME, X1(0), X2(0) 5z bk, FrE
BEEEHETHILIELSTHD, (3) ROMEE

x2
£=0
~ xl
0 N
C:.\\
i
N
) C=ts
Ye=t
/
/
‘ A
£ 3 K

LLT, BrxOHERELLNBD, ROBRLII T
LT 2 5BEERAVWTEHE L, AROFTEEEZAV
TBAEEA—SOHECH 1IBYE L, stHI¢
®EAL, £ERRDFIBEET KL L > BROEA
FIEMERMLIEL, TOoSMELRDBZ LITX
hREEEAENREDN S,

(2) BRIEBOUBRBNBREZTIES
HRGRRIAEC LY, B AR ER R ORB{E
MNOLCLEs KR WTELRAHE L, =t LB\ T
EMENEBONDEENED. LLBEEOER, b
EONCREMETIERSMETREE 22 UBERS
Bo FDId, DR (=t B\ TRIEEX JE
%, BEMTCHRER ¢ s\ TR, BICFEE

BEfied, COBEFOHEERRANS, t:<t T
fREZ AL, B¢ O L XORBRIX

2t ="t =26t (£ —1) {2(et—et8) + 1}
A+ (=2t £+ 2 (1+12) et — (144) 8
22()=—et' 42t —ets) et (4)

THE 2 b, TNt A _F 2 -2 LTEDLIN
TWwb, (), 22(f) B2 bl ¢ ko3
fedtEHEEL (R) x5,

2 E) +22 () = {2 () + e} + 25 s — e
+1n —;— {xz(t') +e‘°'+2€“‘$—e—‘1}
{a2(¢) + et +2e7ts—e"1}  (5)

HINDOAL ORIt L <72 —22 1L
T TR S BT 0 EA ThH S, &
DB L BB L T, WA DR ¢ R
LThtE—EThd, f #BLTHALODMIKE
—5T5 L EELT, HERARCT S0, KUk
(=41 O&%) TEK & B ZvTaeemeH & #Z(EL, €
DERFT BRES 21(), 2¢) #FHEL, thk
bt wRD E+) BRNETEEERD D,

¥ YRS X O RIRATH L bh .

t=—lny {2 @) + =2t} (6)

21(f) =—et (e 1—2e7%8) +2(1+25)e™"s
— B+l
22(f) = e t=2ets 4 01 (7)

TR o u D PHERNCEEIVE bR DB TD,
(2) TRAREFEIT L D E LIRS BIERT RN
PEPCEERD D, T DBEILDEDNCEEI K
BEETHD, ZD220HKICY » TELRIEYH
e LIRENE SR RETRE ThH D, HEFEZK
B,

3.5 ® #

LEERSRE 6 26 L LEBA0H B RELHE4IN
T, RO KL 6 27 2— 2 LT, Flff
EE AR T T, O THERICFIBEET R LD,
15=1.437~2.438 TIXRIF DEAE I I\ TRIEXE
tro Flou DYHHFIBEIETRY L D £=0~1.509
CXIET % e b iR BICEE SN E LR D, s KX
B S EIEITENR £ 3 L O B XIRER TR O/
BRFNFRFEBEELFL > B EOBRESRZR 1
CiRd. Shnb, f5=0~1.509 Tii#E D JHaskF|
BEEHER LD, £,=1.510~2.438 TIXFIBEEE



105

BIFBOTMETOINEZ LIZHELNThHS, 20
BRELC EEASEEHEIEOh, © OHE,
AN DOTERE L BHRENIFEABEOKRE I v XML
THRER T - 7oy, FOHEBIIRIULE X Tl
Vo 2FIEEER T AR ATRE T E R,
FEBEEEO T EEE s 25 2A~2 L LTHEN
s S

2R f OB LT, TOoREME@E
MOMERC ST AMEOCELIIMENTEH S, 2D
LA RE Y U XY, X2 X D BRI ooz
EBCTHHAIDVES~NASEE L M HE o 2%
B U THEENRICHEE OBEEDF R D HOESHM
fL A EOFEFIBEERR NG T A L2 RL T
VB

FEREFHECH W =T r 25 ADFETT,

ISN STATEMENT
1 REAL MAX
2 READ(54100) T1,TS
3 100 FORMAT(F4,1+F6,3)
4 WRITE(6+200) T1
5 200 FORMAT(1H +10X+10HRECOVERING«2X6HPOINTS 13X ¢3HT1=4F4,1)
6 WRITE(61210) |
7 210 FORMAT(1H +3X+s2HTS14X92HTRs4X s 2HX1 45X 4 2HX2+5X 4 2HTH 14X s SHTR=TH)
8 20 TH=0,
9 MAX=10,
10 TS=TS+0.001
11 10 TH=TH+1,
12 IF(TH=TS) 14444
13 1 CALL TIMES(THsTS+T14TR)
14 1F(MAX=TR) 4145
15 5 MAX=TR
16 GO TO 10
17 4 TH=TH=2,
18 MAX=10,
19 11 TH=TH+0,1
20 JIF(TH=TS)7+13,13
21 T CALL TIMES(TH«TS+T1:TR)
22 IF(MAX=TR) 13,13.12
23 12 MAX=TR
24 GO TO 11
25 13 TH=TH=0,2
26 MAX=10,
27 15 TH=TH+0,01
28 JF(TH=TS) 3018418
29 30 CALL TIMES(TH«TS+T1.TR)
30 IF(MAX=TR) 18:18+19
3 19 MAX=aTR
32 GO TO 15
33 18 TH=TH=0,01
3 ETS=EXP(=TS)
35 ET1=EXP(=T1)
36 ETH=EXP (=TH)
37 X1o=ETH+2,#(1,+TS=TH)#ETS=(T1=1,=TH)®*ET1
38 X2=ETH=2 ,#ETS+ET1
39 TG=MAX=TH
40 WRITE(6+1220) TSIMAX 4 X1eX2eTHTG
41 220 FORMAT(1H +F6,345F7,4)
42 IF(TS=T1) 20+21421
43 21 STOP

44 END
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1 SUBROUTINE TIMES (TH.TSsT1.TR)
2 FCT)=X1+X24EXP (=T)#T4 (1, =X2+EXP (=T) )% (ALOG((1,=X24EXP (=T))#0,5))
3 ETH=EXP C=TH)
" ETS=EXP (-TS)
5 ET1=EXP(~T1)
6 X1=~ETH+2,#(1,+TS=TH)#ETS=(T1-1,-TH) #ET1
7 X2=ETH=2,#ETS+ET1
8 TL=T1
9 TE=O,
10 Y=F (TL)
11 10 TM=(TL+TE)#0,5
12 IFCY®F(TM)) 20430440
13 20 TE=TM
14 GO TO 50
15 40 TL=TM
16 50 1F(ABS(TE=TL).GE.1.E=6) GO TO 10
17 30 TR=TH+TM
18 RETURN
19 END
ISN STATEMENT
1 READ(54100) T1:TS
2 100 FORMAT(2F4,1)
3 WRITE(64,110) T2
4 110 FORMAT(1H +10Xs10HRECOVERING+2X+6HPOINTS3X43HT1mF4,1)
5 WRITE(6+120)
6 120 FORMAT(1H +3Xe2HTS4164X02HTRA14X12HX1 014X s 2HX2 114X s 2HTH
7 114X 5HTR=TH)
8 70 GT=0,1
9 FMAX=15,0
10 30 CALL RECOV (T14TS+GT4TR)
11 IF(FMAX,LE,TR) GO TO 40
12 FMAX=TR
13 GT=GT+0,1
14 GO TO 30
15 40 GT=GT=0,1
16 50 GT=GT+0,01
17 CALL RECOV (T1:TS+GT+TR)
18 IF (FMAX,LE,TR) GO TO 60
19 FMAX=TR
20 GO TO 50
21 60 6T=GT=0,01
22 EGT=EXP (=GT)
23 X1=1,=(GT+1,)#EGT
24 X2==1,+EGT
25 TH=FMAX=GT
26 WRITE(6+130) TS+FMAX X1+X2+THAGT
27 130 FORMAT(1H +6E14,7)
28 IF(TS=T1) 90.,80.80
29 90 TS=TS+0,1
30 GO TO 70
31 80 STOP
32 END
1 SUBROUTINE RECOV(T14TS,TNS,TR)
2 FUNCTD) =TD# (XG2+EXP (=TD))+2,#TS#ETS=T1#ET1=XG1=XG2
3 1+ALOG (0, 5% (XG2+EXP (~TD) +2 , #ETS=ET1) ) # (XG2+EXP (=TD)+2 ,#ETS=ET1)
4 ETS=EXP(=TS)
5 ET1=EXP(=T1)
6 ETG=EXP (=TNS)
7 XG1m1,=(TNS+1,)*ETG
8 XG2==1,+ETG
9 TL=G,
10 TE=15,0
11 Y=FUNCTL)
12 10 TM=(TL+TE)#0,5
13 IFCY#FUNCTM)) 20430440
14 20 TE=TM :
15 GO TO 50
16 40 TL=TM
17 50 [F(ABS(TE=TL),GE,1,E=6) GO TO 10
18 30 TR=TM+TNS
19 RETURN
20 END
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&1 Lh=6D0HEDb, cAFEOMKE
oy b B A E B OE R M AT ko B
| woURNERD | soumpEg® | X x ¢
0 1.7760 0.1558 —0.5034
1.507 2.4537 * 2.4510 0.6155 —0.3296 0.3999
1.508 2.4534 * 2.4518 ” ” 7
1.509 2.4531 * 2.4527 % ~ 2
1.510 * 2.4528 2.4535 0. 2952 —0.0246 1.5728
1.512 * 2.4523 2.4544 0.2949 —0.0241 1.5723
(B) * 20, @OHROERELBLRORIE (B/MEH)
X1, X2 OfENEEUs\ - ORERREEZ MILIT 4H TR LIcied TH %o
%2 BEFAEEKHEARERE
a b c d

10 |1.7958)0. 1593|—0. 5084|2. 4906/0. 0616(—0. 3297|2. 4905/0. 3029|—0. 0468|1. 3057|—0. 1580{0. 5130

8 11.7928|0. 1558—0. 5034:2. 4890(0. 0615|—0. 3297|2. 4898/0. 2992/—0. 1174|1. 3604;—0. 1476/0. 5031

6 [1.7760(0. 1558—0. 5034|2. 4499(0. 0615|—0. 3297|2. 4528/0. 2952—0. 0246/1. 1485|—0. 1715/0. 5255

5 11.7490(0. 1558—0. 5034(2. 4075/0. 0438|—0. 2811/2. 4077/0. 2799

0.0208/1. 2808 —0. 1529(0. 5055

4 11.6893|0. 1558 —0. 5034|2. 3592/0. 0369

0.2592/2. 3052)0. 2233

0.1318/1.3398—0. 1425|0. 4955
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(1) Pontryagin, L. S., et al., The mathematical
theory of optimal processes.

(2) FER-i: EETREZEBLBERERAS KR
DOFNERGIE BERUFESEAERN41E No.
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On the Process through which our College was
Equipped with a Digital Compuer

In the academic year of 1973, our college was equipped with an electronic

digital computer which is essential for informatin education.

But it was very difficult for the flve committee members to chose the type of

computer to be used.

Therfore, we studied a great deal of reference material and visited many

schools and offices which already had computers to obtain much more information

about the different types available.

We discussed the subject more than a dozen times before we came to a difinite

conclusion, this report shows the precess.

1. ¥ A H %

BUEA Lo BEFHEBOFEL - L4BEFIC
O, TIRAKRLIVEa—&—~ 2T TOMEAD
BTHZ Lo, Lal, EDA—A—DEDE
DESEY AT AERENETD T LIEKEMET
bolco BEEOEEXL AN L THD 4 Alk=
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HENWCTHLLEBED I T, AR TLY AT Al
AT BRENERL, TOERERFL T
—DODERMICEEL fco SREIBREINICY AT 2%
BABCERL, EHRUEEE OELY 2T il

The electronic digital
computer equipment commett

M. Araki
C. Kimura
S. Saruwatari
R. Nagata

K. Harada
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BEEGL T LB THERTLILLE2F
UTABEXRETHRETS D,

2. BARTTOFEETERRLFERD
HYF2FSABITFARRICOWNT

DB EENEAZIND EFTIEERBL TRLT Y
ANVEEHCEI TS, EERE - EERRRSWT
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BELBEEBCI S 7 e /7 AEBRIOEBLEA
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OXR, BREBEOI V27 aBELIRICTT, -
L, Z0RIFVIABERCETIEEXHOE
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$3xk BETFHHEBAARR

#* 5,49, 5, SYORI=KENSU HYO ## ARIAKE KOSEMN

M E (o A K M SUM

1 NEN "] [¢} [¢] [¢} 0
2 NEN 0 0 3 0 3
3 NEN 4 0 0 ¢} 4
4 NEN 4 0 0 (] 4
5 NEN 31 0 25 2 58
100 o} 100

TOTAL 39 o 28 2 100 o 169

#% 5,49, 6., SYORI=-KENSU HYO #% ARJAKE KOSEN

M E ( A K JM SUM

1 NEN 0 0 0 0 0
2 NEN ] ] 98 [ 98
3 NEN 0o T9 30 36 145
4 NEN 9 0 0 122 131
5 NEN 76 55 65 22 218

95 4 99
TOTAL 85 134 193 180 95 4 691

## 5,49, 7, SYORI-KENSU HYO ## ARIAKE KOSEN

M E C A K JM SUM

1 NEN o} ] o} [¢} i
2 NEN 0 0 115 0 115
3 NEN 0 59 15 26 160
4 NEN 9 0 0 [} 9
5 NEN 46 21 14 50 233

57 5 62
TOTAL 55

Al 204 76 57 5 478
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R omE1.
1. HEAE
_————1 _1 _-1 e _—1 -
S=71.3+3.3 3.2 T *53999-100000
=0.99999 (IEFEAE)
v, YrJJ A
S =0.0
DO 1 I=1,99999
A=1.0/ (FLOAT (I)*FLOAT (I+1))
S=S+A
1| | CONTINUE

WRITE (6,100) S

100| | FORMAT (1HO, 10X, E14.7)
STOP

END

/\_ﬁ %
A

HA| 09996441
=n—0.0003441

B & |

0.9996441
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C #

0.9996441
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360
Si= 3 sin j(i6) (i=1,6,11,--,61)
J=1

= 0 (IEEfE)
v, TasIA
T H=3. 1415926536,/180. 0
DO 2 I=1,61,5
S=0.0
DO 1 J=1,360
1| | S=S +SIN (FLOAT (I*])*TH)
CONTINUE
WRITE (6,100) S
100 | FORMAT (1HO, 10X, E14.7)

2| | CONTINUE
STOP
END
~ % R
A # B # cC #
0.0000494 [—0.0000235 | —0.0019205
—0.0001353 | 0.0001538 | —0.0007674
—0.0001549 | 0.0002457 | —0.0002909
—0.0000015 | 0.0002463 | —0.0001447
—0.0000128 | 0.0002708 | —0.0001201
H77 | 0.0000285 | 0.0003167 | —0.0001207
(382£)| 0.0000018 | 0.0003402 | —0.0001233
0.0001109 | 0.0004327 | —0.0001268
—0.0004419 | 0.0005097 | —0.0005037
—0.0001229 | 0.0025490 | —0.0002587
—0.0003179 | 0.0039767 | —0.0003987
—0.0003324 | 0.0055510 | —0.0004047
—0.0004831 | 0.0070734 | —0.0006075
IV ARALN | VAL 22
2208 oy,
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o g 143028
3] 21. 28 Effox 51F
5t 54.8) v f
e
) T
#H 2 143528
=, FERUEE
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1. #EAK

S=(10ge—%—+loge%-+----

999
+ logem) « logiee
=— 3 (IE#EAE)

v, JuZ7a

S$=0.0
DO 1 I=1,999
A=FLOAT(I)/FLOAT (I+1)
S=S+ALOG (A)

1l | CONTINUE

S =S #0.43429448

WRITE (6,100) S

100| | FORMAT (1H0, 10X, E14.7)
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v, e/ I A
IS=0
I=1

1| | IS=IS+I

IF (I—100000) 2,5,5

2| |[IF (1) 3,4,4

3| | Tei—(I—D)

GO TO 1

4| [I=—1+1)

GO TO 1

5| | WRITE (6,100) IS

100| | FORMAT (1Ho, 10X, I7)

STOP
END
N R
A # B # c. #
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An eaasy on the relation between the national flag and
anthem and a sports meeting

It has been customary for us to play the national anthem (Kimigayo) and
hoist the national flag (Hinomaru) in the opening ceremony of a sports meeting.

And when a player wins an event in the OlympicG ames or in an international
athletic meeting, his national flag is raised while the national anthem is played in

honor of his victory.

But now, there is emerging the idea that the custom of hoisting Hinomaru and
playing Kimigayo during a sports meething should be abandoned.

So, I will consider whether that idea has merit or not.
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A Study of Students’ Consciousness of
Physical Education and Sports at This College

What attitude do students have toward physical education and sports at this
college? A comparison of students in each department with all the students, a
comparative investigation on the relation of the present studenis to those of five
years ago, and on whether there is any difference between departments in their
outlook on the issue of a game, and in their possitiveness at the school sports. . .

these will serve, when made clear, the present and future physical education at

this college.
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