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Dr. Shoichi Yoshikawa’s Obituary — by Dr. Dale Meade of PPPL

Dr. Shoichi Yoshikawa, 76, was an internationally known leader in fusion energy research. He
died peacefully at his home in Princeton, New Jersey on November 4, 2010.

Born in Tokyo, Japan, Dr. Yoshikawa was a graduate of the University of Tokyo, and received
his Ph.D. in Nuclear Engineering from MIT in 1961. He then joined the fusion energy research
program at Princeton University's Plasma Physics Laboratory (PPPL) where he quickly became
one of the scientific leaders of the Model C Stellarator experimental program. He led
experimental programs on plasma containment and plasma instabilities, which demonstrated that
plasma turbulence caused the fusion fuel to be lost rapidly from a magnetic bottle. In 1966, he
initiated the construction of a series of fusion experiments based on a new type of magnetic
bottle using multipole magnetic fields to understand and reduce plasma turbulence. These new
experiments and his theoretical investigations revealed an increased understanding of the plasma
losses that had plagued earlier experiments.

In 1968, he invented a new type of magnetic bottle to confine fusion plasmas called the
Spherator, which according to his theoretical predictions, would reduce plasma turbulence under
controlled conditions. This program culminated with the first levitated superconductor multipole
experiment in 1970 and the larger Floating Multipole (FM-1) in 1973. During the late 1960s, he
was one of the first in the United States to appreciate the advantages of the Russian tokamak
fusion confinement concept, and he encouraged the construction of a large tokamak experiment
(PLT) at PPPL.

In the early1970's, he returned to Japan as a Professor at the University of Tokyo where he led an
experimental program and taught fusion plasma physics to a generation of graduate students.
During this time, he was a strong advocate for the construction of a very large tokamak in Japan
that eventually led to the highly successful JT-60 fusion program. He returned to Princeton
University in the late 1970's as a Lecturer with Rank of Professor in the Astrophysics
Department where he continued to teach graduate students and was an advocate of innovative
magnetic confinement concepts such as the OCLATOR toroidal reactor concept. In the early
1980s, he combined insights from his earlier work on stellarators and multipoles, and conceived
an improved helical axis stellarator magnetic bottle that led to the construction of new fusion
experiments in Spain and Australia.

Over the course of his career, he wrote seven books on subjects that included mathematical
physics, atomic physics, plasma physics and fusion energy, and was a contributing author to
several other technical books. He received the Mainichi-Shinbun Award for "Distinguished
Publication" in 1974 for his popular book on fusion. He was a Fellow in the American Physical
Society and retired from Princeton University in 2000.

Dr. Yoshikawa is survived by three daughters, Yoko Yoshikawa, Mako Yoshikawa, and Aiko
Yoshikawa.).
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Obituary of Professor Shoichi Yoshikawa (an English version)

Atsuo liyoshiflIChancellor,Chubu University[

Professor Shoichi Yoshikawa suddenly passed away on 5% November at his home in
Princeton, New Jersey. He was 75 years old.

Professor Yoshikawa was active as a pioneer and one of the world leaders during
the founding period of the discipline of nuclear fusion research.

After graduating from the University of Tokyo majoring physics in the
Department of Science, he went on to graduate school at MIT to study nuclear
engineering. There, after only three years, he obtained the degree of Ph. D.in 1961
under the supervision of Professor David Rose, and was invited to join the Plasma
Physics Laboratory of Princeton University (PPPL), where Professor Lyman Spitzer
Jr. was the Director. At that time, the Laboratory attracted such world leaders as
Thomas Stix, John Dawson, and Bas Pease. Professor Yoshikawa was promptly
promoted to a Chief Researcher, and became the leader of the C-Stellarator, the
main plasma device of the Laboratory at the time, and worked tirelessly for its
advancement.

By chance, I joined the C-Stellarator project of Professor Yoshikawa as a postdoc
in 1965-67, and watched how he worked. The achievements from the project, such
as ion temperatures approaching 1 keV, the RF heating and current drive, and the
concept of a divertor, were the origins not only of LHD and other helical
confinement devices but also of tokamak devices.

At that time, the biggest issue was to clarify the cause of anomalous loss
observed in the C-Stellarator and to find ways to improve confinement. He used to
talk, with much enthusiasm, of possible causes of the loss, starting from plasma
equilibrium to other possible causes such as drift instability, convective bubbles
(eg., due to destruction of magnetic surfaces) from both theoretical and
experimental standpoints, and how to improve plasma performance by overcoming
these causes. Following his ideas, Director Spitzer and other staff members of the
Laboratory strenuously tried to tackle the problems. As a result, a family of internal
conductor systems based on his ideas, such as the Levitron (in fact, this was the first
superconducting machine for plasma confinement studies in the world), the
Spherator, and FM-1, were planned, constructed, and these experiments were
executed, resulting in the formation of plasmas as predicted by classical diffusion.

These studies brought a bright prospect to emerge from the so-called “Agony in
Purgatory” (Artsimovich), and established the design principle of toroidal
confinement systems. Professor Yoshikawa steered PPPL to the tokamak line of
research, going through the ST tokamak to the PLT tokamak, culminating in the
formation of 100 million degree plasmas. It is well known that the world witnessed
a new phase of research activities there and their successes were envisaged in TFTR
(US), JET (EU), and JT-60 (Japan), as encouraged by the above results.



Professor Yoshikawa was a genius in every respect, and his limitless creativity
produced countless new ideas, and if we think of such machines as the Heliac, ATC
and PBX, we see that all existing machines have somehow inherited his ideas in one
way or another. In this sense, it is not an overstatement to say that nuclear fusion
research at the present level would not have been possible without him.

Professor Yoshikawa once returned back to Japan in 1973-76 as a Professor at
the University of Tokyo, teaching young students and providing the fundamental
guidelines of the JT-60 machine. Graduate students at that time include such
prominent figures as Kimitaka Itoh (Professor at the National institute of Fusion
Science), Sanae I-Itoh (Professor of Kyushu University), Kazuo Makishima
(Professor of Tokyo University), and Michihiko Iwahasi (former secretary at the
Prime Minister’s office), who has been active in many areas in this country.

Unfortunately, his health deteriorated in this period, which forced him to return
to Princeton. As a Professor at Princeton University, he continued to conceive
numerous ingenious ideas until his retirement in 2000. He is remembered as
continuously giving strong messages to the nuclear fusion community in Japan, by
being a good adviser and guide for both the National Institute of Fusion Science and
the Japan Atomic Energy Research Institute. It must have been his great regret that
he passed away without witnessing the fusion ignition experiment due to delays in
the ITER program.

When I travelled together with Professor Yoshikawa to Kyoto in the summer of
last year, he proposed to go to Koryuji Temple from his side, which was rather
unusual. Itis still deep in my eyes as he was gazing for a long time at the statue of
Moroku-Bosatsu there which had a soft and thoughtful face, full of benevolence.
That has become my last chance to see him. I wish him to have a peaceful and
eternal rest.
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From Prof. Matsuoka of NIFS representing the fusion history achieve committee.
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8. Shoichi appeared in
Yomiuri Shinbun, 1971

9. Shoichi with Tihiro

Ohkawa in Mainichi
Shinbun, 1971
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Dr. Shoichi Yoshikawa’ s research

At PPPL

20



MINIPOLE

Disturbing news was reported by Voorhies and Ohkawa at the Boston meeting of
the Division of Plasma Physics in November, 1966. They stated that the General
Atomic Group had seen fluctuations in a low-density plasma confined by a toroidal
quadrupole field while the same plasma confined by a toroidal octupole field of
comparable size was quiescent.

Shoichi Yoshikawa asked the PPL Engineering and Development Division if they
could reproduce the quadrupole form of the Voorhies-Ohkawa device on short notice,
and less than four weeks later (December 5, 1966) the coordinating engineer,
John Murray, turned the finished Minipole over to the Experimental Division. The
quadrupole windings consisted of rings of 10 inch major diameter and 1.44-inch minor
diameter. They were supported by stainless steel rods and could be positioned with 3
to 22-inch separation. The vacuum vessel was a cylinder 49.5 inches high and
18 inches in diameter. Ionization was accomplished by applying an rf signal between
two 3-inch-diameter plates located 28 inches apart. Two external dc field coils were
also provided.

The experiments were performed in the afterglow of an rf discharge at an
electron temperature of 0.5 eV and at densities ranging from 108 to > lolocm-B.
The priricoipal finding was that no oscillations were present when the density was high
(n 210

This observation was confirmed in a parallel experiment by Voorhies and Ohkawa.

cm-3). At lower densities oscillations and rapid plasma loss were apparent.

Minipole
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LM-1

The search for an escape from Bohm confinement came to focus in the
mid-60s on two magnetic configurations — shear and average-minimum-B. The
former had been the subject of much theoretical analysis, but its value had not been
convincingly demonstrated in the laboratory. The latter had been used successfully
at Wisconsin and at General Atomic to suppress fluctuations of a low-density plasma
(109 cm'3). In these circumstances Shoichi Yoshikawa proposed the Princeton Linear
Multipole (LM-1), a research device capable of operating with minimum average B
and optimal shear fields over a wide range of densities.

Charles Bushnell of the Engineering and Development Division coordinated
fabrication during 1966 and brought the device to completion late in November. The
"Q lines," two conducting bundles 20 cm apart carrying up to 60,000 amperes pulsed,
produced a quadrupole field. They extended throughout the length of the 188-inch
vacuum chamber. An additional coil system, to be installed as required, provided an
axial field of 500 gauss. A coil of 15 widely spaced turns located within the vacuum
vessel could be used for rf breakdown or for ohmic heating. Microwave heating was
also provided.

Meade and Yoshikawa quickly confirmed during the first few weeks of operation
that the average-minimum-B geometry effectively suppressed oscillations of plasmas
far more dense than those typical of the Wisconsin and General Atomic devices (up to
1012 cm_3). In the afterglow of an rf-heated plasma, fluctuations were found to be
small (6n/n < 0.005) in the stable region and large (6n/n ~ 1) in the unstable
region. The mechanism of plasma loss from the stable region could not be identified
immediately.

A detailed study of fluctuations in the LM-1 was undertaken at this time by
Rusbridge and Meservey. Their measurements of rms amplitude and of correlation
functions shed much light on the nature of the oscillations. Outside the stable
regions they found strong flutes; inside, fluctuations at a very low level and at least
partially driven by the external fluctuations. During the heating pulse, fluctuations
invaded the MHD-stable region reaching as far as halfway to the separatrix. Further
studies of oscillations inside the average-minimum-B region by Meade and Yoshikawa

identified two modes, a ballooning type and a flute type.
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SPHERATOR

The SP-1 device, a spherator with supported ring was Invented by
Shoichi Yoshikawa for the purpose of studying average minimum-B and shear
stabilization effects in toroidal geometry. It was turned over to the Experimental
Division by Henry Chandler, engineering coordinator of the fabrication, in the
summer of 1968. As shown in the illustration, the spherator employed three sets of
coils — toroidal, poloidal, and external field-shaping — to produce a minimum-average-B
confining field with variable shear. The region of confinement was a torus with the
poloidal field coil as a hard core.

The first poloidal field coil was of hollow copper construction, water-cooled,
and with 12 turns of wedge-shaped conductor. When excessive plasma loss to the coil
lead stem was observed, a second coil with 1620 turns of #15 AWG enameled wire
was substituted. This coil was suspended by three wires of 0.35 inch diameter. The
device was then known as SP-2. In 1969 a supported superconducting coil wound of
NbBSn was installed replacing the copper wire coil of SP-2. The device then became
SP-3.

The experimental program of the first two years, led by Shoichi Yoshikawa,

concentrated on fluctuations and confinement.
Waves

Fluctuation experiments were performed by H. Pacher, von Goeler,and Yoshikawa
in hydrogen and argon at a density of 10ll cm_3 and electron temperatures of 1 eV.
In hydrogen when little or no shear was present (small or zero current in the central
conductor), oscillations were observed, but only in the outside radial region and with
a peak at the position of maximum density gradient. These oscillations were
tentatively identified as of a ballooning-type mode. When the toroidal field current
was increased and the shear reached a maximum (toroidal and poloidal fields being of
the same order) the oscillation amplitude was sharply reduced leaving the plasma
almost completely stable. At still higher toroidal fields the shear was again low and
oscillations were observed both in the region of favorable curvature and in the region

of unfavorable curvature. A flute-like mode was inferred.
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LEVITATED SPHERATOR (LSP)

Late in the 1960s Shoichi Yoshikawa undertook a series of experiments to
explore and compare the effects on confinement of shear and minimum B. As
part of this program, an internal-ring device, the Spherator was designed,
fabricated, and operated, 1968-1969. A principal conclusion of the Spherator
experiments was that mechanical supports for the internal ring were causing
serious plasma losses and were probably obstructing access to a very
interesting regime of plasma confinement. This effect had, in fact, been
anticipated, and at the end of the decade, work on a levitated,

superconducting ring was nearing completion.
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FM-1 Engineering and Construction
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PPPL

Member of the FM-1 Team,
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Condolence Letters from
Colleagues and Friends

of

Shoichi Yoshikawa

28



From Prof. Ejiri who was the undergraduate classmate of Shoich at
University of Tokyo

Dear Professor S. Yoshikawa’s family and his colleagues,

We are very much shocked by the sad news of Professor S. Yoshikawa. On
behalf of the classmates of the physics course of the University of Tokyo,
we would like to express our sincere condolence to you all for the sudden
loss of the great physicist, Prof. Yoshikawa. Professor Yoshikawa was the
brightest physicist with the nice personality in our class, and we are much
impressed by his distinguished works in plasma physics. Recently, I and our
family enjoyed pleasant conversations and discussions with Prof. Yoshikawa
for a few days in Princeton, and I had a hot debate with him on neutrino
physics last January. My son, A. Ejiri (Plasma Physics, Associate Prof.
Univ. Tokyo) has also learned lots from Prof. Yoshikawa. We are very
grateful to Prof. Yoshikawa for his wonderful activities, and we all miss Prof
S. Yoshikawa forever.

Nov. 11,2010
H. Ejiri,

Prof. Emeritus of Osaka University, Nuclear Particle Physics.
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CS 90 046 .« 13067 Saint Paul Lez Durance Cedex France « www.iter.org

December 2010

We were deeply saddened by the news of the passing of Dr. Yoshikawa last month.

He will be greatly missed by all of us who knew him, both personally and for his tireless efforts in the
field of fusion energy which have made him a respected and eminently regarded scientist. While it is
inevitable that we mourn his loss, we can be comforted that his work will live on and his name forever

remembered in the world of fusion energy.

On behalf of everyone at ITER, we offer our heartfelt sympathy and condolences to the family of Dr.
Shoichi Yoshikawa for their great loss, and ours.

Our farewell tribute will be to honour his legacy and continue striving to achieve our ultimate goal to

provide the energy of the future.

Osamu Motojima

Sth Dec. 2010

*New address and Telephone number: ITER international Fusion Energy Organization, HG building, Rt, De Vinon sur Verdon,

13115 St. Paul-lez-Durance, France. Phone; +33 (0)4 42 17 66 01 Fax: 33 (0)4 42 25 66 00
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From Dr. Masaji Yoshika who is the former Boar of
Director of Japanese Atomic Energy Research Institute

November 15, 2010
Dear Professor Yoshikawa’s family,

It is with deep sadness and a sense of great gratitude to him to
Jearn that Professor Yoshikawa passed away.

Professor Yoshikawa’s leadership in the worldwide fusion
research is well-known and highly appreciated. In Japan, he
truly played a key role in promoting and establishing the Second
Phase Nuclear Fusion Research and Development Program
1975-1992. He further advised us in the implementation of the
Program, especially in the conceptual development and design of
a large fusion clearer in Japan, JT-60.

I wish to express my most sincere condolence to his family
which encouraged and supported him and, as a result, the entire

worldwide fusion program.

Sincerely,

Masaj1 Yoshikawa



From Director General Hiromasa Ninomiya, JAEA, Japan
Dear family of the late Dr. Shoichi Yoshikawa,

On behalf of Naka Fusion Institute and Fusion Research and Development Directorate of
Japan Atomic Energy Agency, | would express my deepest sorrow and convey our
condolence to the family of Dr. Yohikawa. On every occasion the researchers of JAEA
visited PPPL, they always pursued to have discussion with him for his profound scientific
view which revealed useful guidance to our research activities. I, myself, will never
forget the nice time I had at his home and the kindness that he showed to me, when I
visited PPPL. He was a great and scientifically outstanding man whose loss will be
mourned broadly around the world. I assure myself that all the people who had
professional contacts with him will be deeply moved by his passing-away, and will
always keep memories of affection for and deepest respect of him.

Sincerely Yours ,

Hiromasa NINOMIY A

Director General of Fusion Research and Development Directorate
Director General of Naka Fusion Institute J

Japan Atomic Energy Agency 801-1 Mukoyama, Naka-shi Ibaraki-ken,
311-0193 Japan

Tel: +81-29-270-7200

Fax: +81-29-270-7219

e-mail: ninomiya.hiromasa(@jaea.go.jp
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From Prof. Komori, the director general of NIFS representing the staff of the
National Institute for Fusion Science, Japan.

Dearly bereaved family of Prof. Shoichi Yoshikawa,

On behalf of the staff of the National Institute for Fusion Science I would like to offer our
sincerest condolences on the recent loss of your beloved father, Prof. Shoichi
Yoshikawa. Over his long and distinguished career Prof. Yoshikawa played a major role
in the advancement of plasma physics and fusion science. He was among a handful of
fusion pioneers that worked on the C-stellarator at Princeton Plasma Physics Laboratory
in the 1960s. In the 70s with the advent of the tokamak his ideas were incorporated into
the design of the Princeton Large Torus, a record breaking plasma confinement device.
Also during that period he returned to Japan and was instrumental in convincing the
Japanese government to build the JT-60 tokamak. He outlined the basic design
requirements for a device that would greatly advance the science of fusion energy and
make Japan a major global player in fusion energy research. Also at the National
Institute for Fusion Science, Prof. Yoshikawa played an important advisory role. As
recently as 2007 Prof. Yoshikawa gave an address at the International Toki Conference
giving his first hand perspective on 50 years of stellarator research. Without his strong
leadership and untiring promotion, the construction and operation of large experiments
such as JT-60 and LHD would not have been possible in Japan. For his many scientific
achievements and his constant support of fusion research, plasma physicists throughout
the world, and especially those of us in Japan, owe him an enormous debt of gratitude.
Therefore, we join you in your profound loss and grieve with you the departure of your
dear father, one of the pioneers and giants of plasma physics and fusion energy research.

Sincerely yours,

Akio Komori
komori@LHD.nifs.ac.jp

Director General

National Institute for Fusion Science
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From Prof. Nishikawa who is considered a pioneer of Japanese fusion plasma
theory and computation
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From Prof. Bruno Coppi, a world renowned fusion physicist who has also been a
long time colleague and friend of Shoichi

MASSACHUSETTS INSTITUTE OF TECHNOLOGY CAMBRIDGE, MASSACHUSETTS 02139

To the Family of Professor Shoichi Yoshikawa
Dear Friends:

I regret that because of an impending trip to Europe which could not be
rescheduled, I shall not be able to come to Princeton on Saturday and participate in the
commemoration of Shoichi.

Shoichi was a dear friend whom I admired for his deep intelligence, the breadth of
his knowledge and his courage. I am fond of remembering the impassioned sessions that
we had in Princeton, during the late sixties, in order to identify the directions that the
Plasma Physics Laboratory should have taken, the understanding that we both had of the
achievements of our Russian colleagues when these were still unpopular, his appreciation
for the importance of the ballooning class of plasma modes that we had found and the
physical interpretation that he had added to the relevant theory (we have a joint Physical
Review Letter on this), etc.

We both independently conceived what is now called the air core transformer
system of which I shared the patent with B. Montgomery and that by now is included in
all advanced devices for the confinement of axisymmetric plasmas.

Shoichi was constantly ahead of his times. The news of his passing has deeply
shaken me at first but then I have realized that the legacy of Shoichi’s accomplishments

remains with us and continues to inspire us.

With sincere affection,

-y

Bruno Coppi
3 b.!.c, Joto
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From Prof. Ito Satoshi who is the professor emiretus of Kyushu University
who is considered as the pioneer of tokamak research in Japan.
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From Dr. Ohkawa who was a mentor of Prof. Yoshikawa at Tokyo University. Dr.
Ohkawa was the head of the fusion division at Genearl Atomic Corporation, San
Diego, California.

I have known Shoichi for more than 50 years. I have known Shoichi from the time when
he was a student at University of Tokyo. He was the smartest student I have known.
There are so many memories coming back into my mind. Those are years of early fusion
research and exciting times. We met quite often as friend/colleague/competitor. If I have
to choose one word to describe him, it would be brilliant. I stop here before I become

teary.
T.Ohkawa

Ty YD ERSUORATEN] &BROSHRICH
HEHORA (&) BMNER—FRT Y YRAFILT

Ohkawa with Shoichi Ohkawa with Shoich in the
in front of his apartment Mainichi Shinbun in 1971
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From Professor Emeritus Mori, Kyoto University
He performed REB Ring experiment at Nagoya University Plasma
Laboratory based on Astron-Spherator concept Shoichi invented.
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From Prof. Katsurai, Emeritus, University of Tokyo
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From Prof. Toyama who was the assistant professor (he was the “right hand man”)
under Prof. Yoshikawa at the University of Tokyo.
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L ’ THE UNIVERSITY OF TOKYO
Graduate School of Frontier Sciences

Kiban Bldg. 412
Kashiwanoha 5-1-5
Kashiwa 277-8561 Japan

Yuichi Takase e-mail: takase@k.u-tokyo.ac.jp
Professor tel/fax: +81-4-7136-3925

November 21, 2010

Letter of Sympathy for Dr. Shoichi Yoshikawa

This Letter is to express my deepest regret and sadness about hearing that Dr.
Shoichi Yoshikawa has passed away. Dr. Yoshikawa is admired as one of the greatest
and most influential pioneers of fusion plasma physics. He founded a plasma physics
laboratory at the Department of Physics, the University of Tokyo in the 1970’s. Tam a
direct successor of this laboratory which has been continuing for several generations, and
am presently supervising over 10 graduate students. He was instrumental in initiating the
JT-60 Project in Japan, which has been greatly successful. JT-60 has completed its
mission and is currently being rebuilt as a superconducting tokamak to open up a way
towards an economically competitive fusion reactor. He was the one who advised me to
pursue graduate studies in fusion at MIT (which was his alma mater) after graduating
from the University of Tokyo. His advice has shaped my career in fusion science. I
spent a total of 19 years at MIT, as a graduate student and as a research scientist, before
returning to Japan as Professor at the University of Tokyo. His departure is a great loss
not only to fusion research but also to science in general. My deepest sympathy is with
his family and friends.

With Deepest Sympathy,

2 g el \%km/

Yuichi Takase
Professor
The University of Tokyo

Note: Prof. Takase now runs the tokamak laboratory which Shoichi started
at University of Tokyo in 1973.
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From Dr. M. Kikuchi of JAEA,

Dear Ono-san, Dear Okabayashi-san, Dear Rob, Dear Rich, Dear Stewart
I heard from Nagayama(NIFS) E-mail that Ono-san informed Prof. S.
Yoshikawa passed away.

It is a big loss for Japanese Fusion community.

Everybody knows he made a significant role in getting JT-60 project started.
When I started fusion, I learned a lot from his introductory books on fusion
and also from his lecture at the University of Tokyo.

When I was in PPPL in 1984 for 6 months, he was in the Lab and I had a
good chance to have conversation with him.

Please forward my sincere condolence to his family.

Sincerely,
M. Kikuchi

Dr. M. Kikuchi

Supreme Researcher

Fusion research and development directorate

Japan Atomic Energy Agency

311-0193, Muko-yama 801-1, Naka-city, Ibaraki, Japan
Guest Professor, Osaka University

Visiting Professor, Kyushu University

Chairman of IAEA's Nuclear Fusion Board of Editor, Fellow, Institute of
Physics

Tel: 81-29-270-7294 / Mobile 81-90-2564-0837

Fax: 81-29-270-7462

e-mail: kikuchi.mitsuru@jaea.go.jp

43



From Prof. Kitsunezaki formerly of JAERI. He co-authored with Shoichi a book, A
new version of “Challenge to Fusion” in 2003, 2008.

To the family members of Prof. Shoichi Yoshikawa,

It was very sad to hear that Yoshikawa sensei has passed away. By his warm kindness, |
became a coauthor of a popular science book titled 'Challenge to Fusion : A new version'
published in 2003 and re-published in 2008. The book is one of a big series of 'Blue
backes' which is the most popular science books started in 1963 by Kodansha publisher,
having more than 2000 books. When it was decided to be a co-authored book with
Yoshikawa sensei and the book had actually been published, I thought it was a great
reward from the heaven and it was really good to had spent my life on fusion research.
The book has actually played a great role as the best reference book on fusion,
particularly because the book was published when the direction of Japan on ITER, a
international project of the next step fusion device, had been made among wide range of
researchers in Japan. This is true about the first Blue Backs book on fusion by Yoshikawa
sensei published in 1974, too. Probably several copies of these books will be found
somewhere in his room, I guess.

Yoshikawa-sensei was a so great star in the fusion area that I had been hesitating to
approach when I was young. When I started to stay in US (San Diego) in 1979, he had
kindly introduced me to most of the US fusion researchers at many chances such as the
APS DPP meetings. I remember at banquets of most of DPP meetings from 1974 to 1979,
I was sitting next to Shoichi sensei. In 2002, one year before the publication of the second
Blue backs, Shoichi sensei visited our institute (JAERI Naka) and I was the host to him.
He gave a thoughtful and interesting lecture to JAERI fusion people.

Yoshikawa sensei had been the main bridge between PPPL and JAERI. As one of such
examples, he had been one of the members of a committee discussing the start of the JT-
60 project around 1973, and I heard he was deeply involved in the decision of the target
and the main parameters of JT-60. Probably someone else will tell more precisely about
his contribution to Japanese fusion researches.

I wish to express my deepest thanks from my heart to Yoshikawa Shoichi sensei.
With my profound sympathy and condolence.

Akio Kitsunezaki (former member of JAERI fusion)
akzorro1988(@song.ocn.ne.jp
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From Dr. Matsuda of JAEA
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From Professor Sanuki retired from NIFS, Japan in 2007.
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Other condolence messages from Japanese resarchers:
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From Ukrainian physicists, Vladimir Tolok, Konstantin Stepanov, Oleg
Pavlichenko, Evgenii Volkov, Vladimir Voitsenya who knew him personally

With Russian delegation near PPPL, 1973. (?)

Please, pass our condolence to the relatives of Prof. Yoshikawa from Ukrainian
physicists, who knew him personally.
He was a great physicist and a nice person. It is pity that he passed away so early.

Vladimir Tolok, Konstantin Stepanov, Oleg Pavlichenko, Evgenii Volkov, Vladimir
Voitsenya
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From Prof. Mutoh of NIFS. Prof. Mutoh is the leader of ICRF
heating on LHD at NIFS:
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Dr. Sergey Mirnov is a world renowned tokamak physicist
in Russia, a student of Academician Artsimovich who is
considered the inventor of tokamak.

From: Sergey V. Mirnov <mirnov@triniti.ru>

To: fusionpwrassoc <fusionpwrassoc@aol. com>

Sent: Tue, Nov 30, 2010 5:38 pm

Subject: Re: FPN10-62 Fusiono Program Notes — In Memoriam: Shoichi
Yoshikawa

Shoichi was great physicist and good colleague.
His death is shock. Great condolence to PPPL and
his familie.

S. Mirnov
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Condolences from the CIEMAT group. The CIEMAT group built and
operates TJ-2 helical axis stellarator which configuration is
invented by Shoichi.

On behalf of CIEMAT I would like to express our condolences for the loss
of Professor Yoshikawa, inventor of the heliac configuration. A
significant part of our Fusion research programme is based on his
proposals. We hope to be able to further develop the knowledge line that
he triggered decades ago.

Please convey our condolences to Prof Yoshikawa = s family.

yours sincerely

Joaquin Sanchez

Director

Laboratorio Nacional de Fusion por Confinamiento Magnetico CIEMAT
Av Complutense 22, 28040 Madrid

phone: +34 913466387

fax +34 913466124
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From Jim Rome who is a retired physicist who has worked on
Stellarator at ORNL

When I was at Garching for a month, I took a trip to Vienna. I managed to get tickets
for the Vienna Opera to see Der Rosenkavalier at the last moment—— row 10, center
aisle. Sitting next to me was a Japanese gentlemen, and we started talking. He was a
dentist, attending a dental convention in Prague, but he was staying in Vienna because
the accomodations were better. But his very close friend from college was Shoichi. It

is a very small world. I traveled a lot with Shoichi for the DPPAPS, and will miss
him.

Jim Rome —— James A. Rome 116 Claymore Lane , Oak Ridge, TN 37830-7674 (865) 482-5643
http://jamesrome. net/
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Shoichi Yoshikawa

I first met Shoichi Yoshikawa on the day after Labor Day in 1963, my
third full day in the United States. The two new experimental post-docs
starting that day, Jim Sinnis and I, met with Tom Stix, the Head of the
Experimental Division and Tom assigned me to work on the C-Stellarator.
Don Grove immediately gave me a tour of the machine area, including his
own special safety instructions, because there was a brief break in the
experimental program which Shoichi was leading that day. Don then
introduced me to Shoichi and told me he wanted me to work with Shoichi,
and Rolf Sinclair and Wynn Harries who completed the experimental team.

Shoichi explained what they were doing. I doubt if [ understood more
than 10% of what he said, partially because he spoke so fast but more
because his discussion of the concepts was so alien to me. Nevertheless, he
set me to work immediately in the control room and clearly expected me to
work through till midnight, the end of the Tuesday shift. 1 quickly learnt
that I had more patience than he had because he always tried to put new
Polaroid film into the cameras much too fast with the resulting oozing of the
processing mixture over everything, to the constant dismay of the
technicians who competed to beat him to loading the cameras (there were
eight photographs to each roll with 5 minutes between shots and Shoichi
usually operated two or three cameras). I found out after a little while that
he also did not have much patience for finding ground loops in cables, which
became one of my jobs. Shoichi took me back to the Peacock Inn after
midnight and picked me up again early on Wednesday morning in time for
the weekly meeting of the C-Stellarator Operating Board where the results of
the last week’s experiments were reported to Lyman Spitzer, Mel Gottlieb
and Tom Stix. Shoichi stunned me by presenting a detailed report and
interpretation of a run which had finished less than 11 hours before.

Shoichi insisted that I should go to the Plasma Physics meeting in San Diego
that November but wanted me to see some of America. So, after the
meeting we drove up to Monterey where he gave a talk at the Naval College
before we boarded a train in Oakland to go to Chicago. That was quite a trip
and I really learnt a lot about plasmas from the meeting and from talking to
Shoichi as we went along.

As an aside, we were operating the machine that Friday at the end of
November on which John Kennedy was shot around lunchtime. We stopped
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everything and just stood clustered around the tinny radio on the operator’s
desk listening to the events unfolding. Don Grove had joined us and
ultimately told us to go home and come back on Monday.

Shoichi was continually looking for more insight and very shortly
after my arrival he gave me Kadomtsev’s seminal paper on drift wave
instabilities and led me into the probe studies of fluctuations and plasma loss
which concluded my post-doc period and saw me through my Ph.D. He was
my supervisor for the latter. I came out of every conversation with him with
some new thought to follow up and cannot think of a more concerned
supervisor even though he had moved off to different devices for which he
was responsible.

There was another side to him. He and his first wife, Hiroko, were
very kind to me socially and then, when I got married to Anne, they made
her very welcome. At the time they had small daughters who were always
beautifully behaved and somehow just vanished to bed. Of course, they
introduced us to chopsticks, Japanese cooking and food which was
beautifully prepared and looked immaculate.

Shoichi was a man of very strong convictions and was liable to
express them. We are talking of the time of the Vietnam war when both he
and I were strongly opposed to what was going on. But somehow one night,
over dinner, he was so adamant that he had me in a position of defending the
Nixon government.

One final minor incident. At their house in Hartley Road, he grew a
very impressive stand of bamboo. Over his warnings, and my wife’s, |
insisted on taking some shoots to plant in our back yard. 1 am the only
person who has managed to kill bamboo.

I have told you some anecdotes about Shoichi and you have heard
others who have talked a little about his very significant contribution to
instituting the tokamak program at the Plasma Lab. For me, he was a friend,
a brilliant physicist and a very kind mentor.

From Ken Young, a former colleague of Shoichi



From Dr. Masaaki Yamada of PPPL. Dr. Yamada is a leader of basic plasma
science at PPPL and a long time colleague and friend of Prof. Yoshikawa. He is
presently teaching at the University of Tokyo as a visiting professor and he send his

condolences from Japan.

I am deeply saddened by the news of the sudden passing of Dr. Shoichi
Yoshikawa. Shoichi was internationally recognized as one of the pioneers in fusion
energy research. His seminal contributions to the field are not only a testimonial to his
outstanding intellect but also to the breadth of his many innovative ideas. As he dealt
with the occasional recurrences of his illness, he made great efforts to stimulate those
around him through text books, his frequent editorial comments, and his debates on a
variety of topics. I was impressed by the way that Shoichi devoted all of his considerable
talents to addressing and wrestling with the intellectual challenges of the world around

us. I really miss him.

Masaaki Yamada

Hanta Ji is a leader of basic plasma science at PPPL. He was a graduate from
Toyama Laboratory (formerly Yoshikawa Lab) at the University of Tokyo.

I really wanted to attend this, but unfortunately I am traveling until Dec 17.

I met Yoshikawa-sensei in 1990 in Nagoya when he asked how old I was, and |
said 26 and just got my degree. Then he said that he got his degree also at 26

it was a good time. He encouraged me to explore, | remember. Earlier this

year when we had PPPL open house, he came to the MRI experiment

and asked what I was doing, but unfortunately I could not explain in details
because there were too many people and maybe he could come back. But

now it will never happen.

Just to share something, and wish his family well.

—-Hantao Ji
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From Dr. Manfred Billter who is a world renowned pioneer of x-ray spectroscopy

of fusion plasmas.

I would like to express my condolences to Shoichi Yoshikawa' s family. I have always
admired his scientific accomplishments and am very grateful for his interest in and
support of the x-ray spectroscopy of fusion plasmas in the early 1980's, when this field

was still in its infancy.

Manfred Bitter

From Dr. Paul Rutherford who was the Associate Director of Research at PPPL and
he is also a pioneer of plasma theory.

The following is a brief appreciation that could be read at Saturday's memorial for
Shoichi.

"I regret that I am not able to attend the memorial for Shoichi, for whom I always had
great respect.

Although Shoichi was always classified as an experimentalist, his ability as a theorist was
equally impressive. His pioneering work on internal ring confinement devices was
motivated primarily by his understanding that these configurations are uniquely able to
vary factors, especially local and average magnetic curvature, that govern the
microinstabilities believed responsible for cross-field transport. When the success of the
T-3 tokamak altered the course of world fusion research, Shoichi quickly recognized the
importance of developing an empirical scaling for anomalous cross-filed transport in
tokamaks, and he himself proposed a cross-field thermal diffusivity that explained the
early T-3 results. Recognizing the highly favorable outlook for tokamaks, Shoichi
became a leader in proposing larger experiments, first at Princeton and subsequently in
Japan.

In addition to his qualities as a physicist, I have always appreciated Shoichi's courteous
and gentlemanly demeanor in all of our personal interactions. It is a privilege to have

known him."

Paul Rutherford
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Condolences from Shoichi’s high school classmates
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Condolences from Shoichi’s former students
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From Prof. Makishima of the University of Tokyo. He was one
of the first students of Prof. Yoshikawa at the Tokyo
University. Prof. Makishima went on to become one of the
prominent researchers of x-ray astronomy.
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From Prof. Nagayama who is one of the leaders of plasma
diagnostics. He was strongly inspired by Prof. Yoshikawa at the
University of Tokyo
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From Prof. Shinohawa who was Shoichi’ s undergraduate student
at the University of Tokyo. Prof. Shinohawa is one of the
pioneering experimental researchers in basic plasma science
in Japan.
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From Dr. John Sethian from Naval Research Laboratory. Dr. Sethian

is a long time leader of the inertial fusion energy research at
NRL.

I was saddened to hear of Shoichi’s passing. He was my first mentor in plasma
physics, and, as one might expect, one of the best. In the fall of 1971 I was
an undergraduate at Princeton looking for a senior thesis topic. 1 had
recently become interested in Fusion Energy research, and after a little
searching I found myself in Shoichi’s office. Even though he was obviously
very busy (the FM-1 Spherator was just coming on line), he graciously took the
time to talk to me. More importantly, he took the time to work out a
meaningful and achievable undergraduate senior thesis topic. The five months
I spent working under him were absolutely exhilarating. Shochi insisted that
I be part of all the trials, the stumbles, the discovery, and the excitement
of bringing a new fusion experiment to life. He made me feel part of the
team. He always answered my questions (no matter how naive) and even made
sure | stayed on track on my thesis in the spring when “senioritis” took

in. It would be no exaggeration to say that he was the one who got me started
in fusion energy research. He shall be missed.

John Sethian
Naval Research Laboratory

Washington DC
Tel (202) 767-2705
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From Prof. Nagasaki of Kyoto University

It was a shock for me to hear that Prof. Shoichi Yoshikawa passed away.
His book for novices, “Kakuyugo heno Chosen (Challenge to Fusion
Fnergy)” guided me to the fusion research field when I was a high school
student. When I was a graduate student of Kyoto University in 1980’ s,
he stayed 1in Kyoto as a guest professor, and he gave me many advices to
my research study and the way how I should face science. His words
are alive in my mind. May he rest in peace.

With deepest regret,
Kazunobu Nagasaki

Professor Institute of Advanced Energy
Kyoto University
Gokasho, Uji, Kyoto 611-0011 Japan
TEL: +81-774-38-3440 (3443)
FAX: +81-774-38-3449
E-mail: nagasaki@iae. kyoto—u. ac. jp
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From Mr. Terasnishi was Shoichi’ s undergraduate student at
the University of Tokyo now working in the field of
semiconductor.

It is with great regret that I hear the sad news. Please accept my deepest
sympathy. When I was a senior student of physics at University of Tokyo, we read in
turn “Physics of Fully Ionized Gases” by Lyman Spitzer, Jr. in Wednesday a fternoon.
Prof. Yoshikawa always attended it and gave us instructive advices. He explained
plasma using rich illustrations. We wanted to read the Japanese translation, but he
told us to read the original because we should get used to English. Now, I am a
semiconductor engineer. I remember only parts of his explanations. But, the parts are
still useful for my job. Thank you very much.

Nobukaz Teranishi Image Sensor Business Unit, Semiconductor Company Panasonic
Corporation teranishi.nobukazu@jp. panasonic. com

I stayed at Yoshikawa’s Laboratory at University of Tokyo for a bachelor student

69



From Masayuki Ono who was inspired by Shoichi when he came to PPPL as a
graduate student in 1973. He truly appreciates Shoich for inspiring and
encouraging him through out his student and research career at PPPL.

I would like to express my sincere condolences to the family of the passing of a great
man. To me, Shoichi was a great scientists and a visionary leader but also a great
teacher. He was a professor with amazingly clear ideas. Back in my student time at
PPPL, I could not quite understand a plasma equation and I decided to ask Professor
Yoshikawa if he can shed some light. He immediately understood my question and went
to the board and wrote the equation with a lightening speed and neatness and explained to
me with such a clarity I felt I understood it fully! It was such an enlightening experience
for me that I remember this event which took place 35 years ago as it was yesterday.
Throughout my student and research life at PPPL, Shoichi was always very warm and
understanding. He has the ability to encourage young students with his knowledge and
also his wisdom. He also invited me to his home and cooked delicious dishes with
unexpected cooking skills showing a warm human side of him. One episode I would like
to note is that there was a time in 70’s when Shoich went to Japan for a few years. As
noted by other speakers, he was literally transforming Japanese fusion community into
the world forefront power house by helping JT-60 funded and constructed and triggering
something like a ten hold increase in the overall Japanese fusion funding. But at the
same time, he was also a professor at University of Tokyo inspiring a new generation of
plasma researchers. Shoichi and his students built a very small tokamak called
MINIMAK at University of Tokyo and amazingly the students quickly published a
ground breaking paper on magnetic island measurement in tokamak in Physical Review
Letters. I was very impressed and fascinated by it that I went to visit Shoichi’s lab that
summer and met those students who were performing experiments on MINIMAK. This
is just one of many example of Shoichi’s genius of turning what seems to be insignificant
into a true gem. As it turned out, those students working under Shoich became leaders of
Japanese fusion and plasma research today. I am still a close friends to many of them
today thanks to Professor Yoshikawa. Even though he has passed away, Shoichi will live

on within us forever. Thank you Shoichi for everything you have done for all of us.





