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<FI6EBEERFRENEZRELT>
(1) Personal Recollection (1961 —1967)

— My Encounter with and
Work on Flux Jumping

Yukikazu Iwasa
MIT Francis Bitter Magnet Laboratory

Preface

Instead of an article on my work in the field of
superconducting magnet technology that was deemed
worthy of the 2012 Distinguished Award on
Superconductivity Science and Technology, I would like
to recollect the period 1961-1967, my years with flux
Jumping, the first disturbance source identified in the
superconducting magnet. It was flux jumping that pulled
me into this field, in which I've remained ever since.
Before this, let me briefly describe here my years, from
1956, when I left Japan and eventually went to the
Massachusetts Institute of Technology (MIT), to 1960,

the year before I began my undergraduate thesis.

1956—1957 In preparation to study at MIT, after
having graduated from Doshisha High School, Kyoto,
in March 1956, I attended for 2 and 1/2 months (April
—June) a private all-dorm high school in Honolulu and
moved in mid June to Salt Lake City, Utah to study for
a period of one year at Westminster College, a small
liberal arts school. There too I stayed in a dorm and was
exposed to, as in Hawaii, American teen-age life style
—1I would continue this dorm life the first 4 years at
MIT, where I started my freshman year in September
1957. In June 1957 to get to Cambridge, Massachusetts,
from Salt Lake City, I drove solo my 1954 Ford, which
I had bought in Salt Lake City in the spring of 1957.

1959—1960
the Cryogenic Engineering Laboratory (CEL) of the

In the summer of 1959, I had a job in

Mechanical Engineering (ME) Department. There I was
introduced to liquid helium and superconductivity by
the CEL director Prof. Sam Collins.

To get to Pasadena, an LA suburb, for my summer job
in 1960, I planned to drive my Ford. When my

classmate Mike Walker — later, in flux jumping—heard
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my plan, he wanted, with his sister, to come with me to
LA, to visit their mother. In early June, Mike and I left
Cambridge, spending the first night in his uncle's in
Detroit, where his sister joined us. Next morning, three
of us headed for LA, taking a 3-hour shift turn —one
driving, the second keeping the driver awake, the third
sleeping in the rear seat. Sweaty (no A/C in my Ford)
and needing a hot shower, we stayed overnight in a
motel in the middle of nowhere in Wyoming. We got to
their mother's in LA, after ~70 hours (~5,000 km) since
we left Cambridge. Then, I drove alone to Pasadena.
One memorable article in Time magazine that summer
was an announcement of the creation at MIT of the
National Magnet Laboratory (NML) dedicated for
research in solid-state physics and development of
magnet technology with a $10 million grant from the Air
Force Office of Scientific Research (AFOSR). That
summer in 1960 I watched on TV the Democratic Party
Convention, held in nearby LA, that nominated Senator
John F. Kennedy (JFK) of Massachusetts for the next

President in the coming fall election.

Years 1961—1967

1961—1965  Although originally scheduled to
graduate with a Bachelor's degree in June 1961, at the
beginning of my senior year (fall 1960) I was placed,
with 4 other fellow ME seniors, in the ME
Department's special 5-year program to pursue both
Bachelor's and Master's degrees with a single thesis and
graduate in June 1962, a year after the rest of my 1961
classmates —years later John Stekly told me that he too
had been in this program in the 1950s. As suggested
by my thesis advisor, Prof. Collins, I chose
superconductivity for my 2-degree thesis. For this
experimental thesis, he recommended a second advisor,
from the Electrical Engineering (EE) Department. Dr.
Paul Gray, a young assistant professor, whose EE
undergrad course I had taken in 1959, became my
second thesis advisor.

My thesis was on magnetization, M, measurement of
NbZr (the predecessor of NbTi) monofilament—until in
the late 1960s, all superconductors were of
monofilament. This topic was chosen because Prof. Gray
and his colleague had just bought a 5-T superconducting
magnet from Magnion, a ‘“high-tech” company in
Cambridge. At that time there was not much modern
equipment in the EE Department. So, Prof. Gray and I



used a galvanometer, outmoded by then, to integrate
dM/dt signals. Unlike most advisors, Paul was with me
at every measurement, my thesis work. In a way our
Magnion magnet, needed be charged at an extremely
slow rate, suited to the M measurement with a
galvanometer, one data point at a time, with my advisor
looking through a viewfinder and reading aloud the
galvanometer mirror's deflection angle (oc M). Then,
after a few data points, the next M point, instead of
going up with applied field, was nearly zero. We knew
our measurement was correct. A few days later, we
learned that a phenomenon called flux jumping caused
this anomaly: it was my first encounter with flux
Jumping. Flux jumping made Magnion magnets totally
unreliable, bankrupting the company within a year. It
would taunt the magnet engineer during most of the
1960s.

was utterly unsuitable and found shortly afterwards that

Finally, Paul determined that the galvanometer

there was one microvoltmeter in the entire MIT campus:
it belonged to Bruce Montgomery, Head of the Magnet
Technology Division (MTD) of the NML. Unlike most
experimentalists who would guard their equipment
closely, often reluctant to let even a close friend use,
Bruce was truly generous: he allowed a young professor
whom he had never met borrow his prized equipment, to
be used outside NML. At that time I did not meet Bruce,
who would later become my mentor and a lifelong
friend.

In the spring of 1962 Paul advised me to work on
magnetization of superconductor for my PhD, in the EE
Department. For a long while, however, I could not
come up with a great topic. So, in 1963, Paul
suggested that I work with Bruce at NML until I could
That fall as
Bruce wanted to interview me for a staff position, I went
to his office in the newly dedicated (April 1963) NML

and met him for the first time, on what would soon

find a topic suitable for my PhD thesis.

become an unforgettable day in the U.S. history.

In the fall of 1963, Prof. John Slater, very well known
at MIT, was teaching his physics grad course, Quantum
Theory and Atomic Structure. Slater came to MIT from
Harvard in 1930 to head at 30 the Physics Department
and would remain so for the next 21 years, and in the
process help make MIT, according to Richard Feynman,
“the best school for science in the country.” He had been
teaching this course (or its variants) for years on the

same days (Monday-Wednesday-Friday); time period

(2:05 pm—2:55 pm); classroom. Those interested in the
subject, including many non-physics majors like my EE
friends and I, felt compelled to take his course. At 2 pm
that Friday afternoon on November 22™, before Slater
arrived, there was already a rumor in the classroom that
JFK had been shot in Dallas, but was still alive. Right
after 2:30 pm when Slater finished writing, as always
very neatly, on the blackboard Schrodinger's equation for
the hydrogen atom, there was a knock on the door; Slater
was given a note by his secretary. With no visible sign
of disturbance he walked back to the center of the lecture
hall and calmly announced to the class, in his usual
monotone, “President Kennedy died in Dallas at 12:30,
Dallas time.” The entire class was stunned, but Slater,
showing absolutely no emotion, and not even a moment
of silence, swung around, pointing the equation on the
board, continued, “Now, this equation...” He ended his
lecture, as always, precisely at 2:55 pm. Everyone
seemed to be in chaos outside the classroom, and there
was an announcement that MIT would officially close at
3 pm.

With MIT officially closed at 3 pm, would my job
interview with Bruce Montgomery at 4 pm be still on?
Anyway, at the appointed time I went to Bruce's office in
the Magnet lab for my interview. He was outside his
office, waiting for me, a tear in his eyes. We didn't talk
much, except to express our shock and sadness, and I
was out of his office after only ~15 minutes. As I was
leaving, he said if I wanted to join his Division, I would
be welcome as a research staff starting September 1964.

In the fall of 1964, Bruce assigned me to further work
on magnetization. By then, from, e.g., a 1963 paper by
Lubell, et al. at the Westinghouse Research Labs [1], I
that flux jumping
superconducting magnet: it bankrupted a magnet
company. In 1967, after I had finished my PhD thesis, I
finally met Marty Lubell at Westinghouse in Pittsburgh.
When he realized that his classmate at MIT was my

knew could devastate a

thesis advisor, he lamented, saying he suddenly felt old.
(Sadly, Marty, whom I got to know well, especially after
his move to the Oak Ridge National Laboratory, passed
away in January this year at age 79.)

My first journal paper, in 1965 with Bruce, was
naturally on flux jumping [2]. Just before our paper came
out, Bruce brought an article by Walker and Hulm [3],
Lubell's colleagues at Westinghouse, saying it should

interest me. When I saw the name Walker, I turned to

GRS



Bruce and said, “I think this Walker is my classmate and
friend Mike Walker.” In the paper they claimed, without
direct measurement, that the magnetization of a
monofilament NbZr was at first wavy, i.e., nonunifiorm,
along its axial length. In their view, flux jumping is an
event in which, what I would call later in my PhD work
up
magnetized, collapsed sequentially.

“macrovorticies,” spatially set initially when
“How can the
magnetization of a superconducting wire be nonuniform
at first along its length?” Bruce suggested that I should
Next day, I

went to Paul's office and said that I had just found a

look into this spatiality of magnetization.

great thesis topic and was ready to begin my PhD thesis.

1966—1967  In February 1966, I enrolled in the EE
Department as a doctoral candidate and was appointed
Research Assistant (RA), funded by the Atomic Energy
Commission (AEC), later to become the Department of
Energy. As today, an RA, awarded full MIT tuition, was
paid a monthly stipend. In March, I received a letter
from the U.S. Immigration Office stating that I would be
deported, because I was circumventing a law, which
permitted a foreign student, before returning home, to
work 2 years in the U.S. after graduation to gain
practical experience. The Immigration Office thought
that by going back to school I was trying to stay in the
U.S. beyond my legal limit. I was told to leave soon or
apply for Permanent Visa. In 1966, the application
procedure was simple: I did all my paperwork myself.
MIT, AFOSR (NMR sponsor), and AEC (my RA funder)
agreed to be the 3 sponsors required by the Department
of Labor to certify that I, and no other U.S. citizen, was
qualified to conduct this research. My application was
approved quickly, in 3 days.

Paul was my thesis supervisor, but it was more a
his

superconductivity. It was really through our friendship

formality,  because speciality ~was  not
formed during my earlier thesis work. My advisor at
NML was Bruce until the summer of 1966, when he took
a 2-year leave of absence from MIT to write, now classic,
Solenoid Magnet Design, at the University of Lausanne,
Switzerland; the book became his ScD thesis at the
university. In his place John E.C. Williams, originally
from the Culham Centre for Fusion in England, became
my NML advisor—in 1982, John would succeed Bruce
to head the MTD. Paul also supervised my fellow PhD

student at NML, Bill Hackett, who worked on
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Bill's

advisor at NML was Dr. Emanuel Maxwell, quite well

superconductivity at microwave frequencies.

known for his discovery of the isotope effect in
superconductivity. Maxwell did his PhD thesis under
Slater and was my junior year physics recitation
instructor. As Bill and I were taking a course on
superconductivity taught by Prof. Michael Tinkham at
Harvard (MIT and Harvard students could, and still can,
take courses at either school), one day Paul asked us to
give him a weekly lecture on superconductivity. We
took turns teaching Paul bits of things we had learned
from Tinkham. Later in the early 1970s when I worked
on Maglev, I got to know Prof. Tinkham quite well
because he had once worked on Maglev while still at the
UC Berkley.

Starting the summer of 1966, I worked full time on
my thesis and by late fall pretty much finished the
experiment [4]. Analysis followed. In early April 1967
the thesis was done [5]. My work, experimental and
analytical, showed that the magnetization, initially
uniform, would collapse, when locally disturbed,
the behind

macrovortices — a wavy magnetization: my picture was

sequentially  along wire, leaving
the exact opposite of theirs [3].
of the thesis [6], I asked Paul to be a co-author, but he

declined, saying he had not contributed enough to the

For a full journal paper

work. I understood his sincerity; we have remained
lifelong friends.

When I defended my PhD thesis in April 1967, I was
advised by Prof. Herb Woodson, a thesis committee
member, to join the Magnet Lab in May rather than wait
for my degree in June: “Yuki, you'll continue this work
for awhile, either till June as an RA or from May as a
research staff. Think of a big difference in pay doing the
I ended my student life on April 30, 1967.
In May, I was invited to visit Westinghouse labs in

same work!"

Pittsburgh. There, Mike and I met for the first time since
1961; John Hulm offered me a job. Although several
other offers came, I decided to stay at my ' “home,"
which, to honor the late Francis Bitter, would be named
later that year the Francis Bitter National Magnet
Laboratory.

Conclusion
the NbZr

monofilament wire would become passé, overtaken by

A few years after my PhD work,

the NbTi multifilament wire.  Flux jumping was



vanquished, and it finally stopped taunting the magnet
engineer. Now (2012), after 50 years, I've come full
circle: I believe that the monofilament wire will be okay
for MgB,—and other HTS —magnets.
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Significance of mechanical study in
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