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“Yet nuclear spin senses rotation

INn a rotating material body”
- How the debate with a big name in the NMR field
went head to head-
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My mind was exactly same as Galileo’'s when he had
murmured, "And yet the earth moves."

It was the first words from Hiroyuki Chudo who
succeeded in an experiment of observing the Barnett
magnetic field using nuclear magnetic resonance (NMR),
which can overturn the common knowledge until now.
During the interview, he shared his experience that
ignited his researcher spirit, as well as his scientific

ambition for further research.

Generating a magnetic field by
rotating an object?

H. Chudo: I joined the research group of Spin-energy
Transformation Science when the former Director
General, Dr. Sadamichi Maekawa was inaugurated as
director of the Advanced Science Research Center
in 2010. He asked me to join and start experimental
research on spintronics. So, our group got started
the research on creating spin currents driven by
mechanically rotating object and observation of nuclear
spin through NMR.

Basic physical phenomena regarding mechanical
rotation and electron spin include the Barnett effect
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and the Einstein-de Haas effect. The Barnett effect
governs a phenomenon in which a non-magnetic iron
rod becomes magnetic along its axis of rotation at
high speed, while the Einstein-de Haas effect is a
phenomenon in which a stationary iron rod results in
mechanical rotation when an external magnetic field
is applied to it. These two phenomena, discovered at
the same time, proved the close connection between
magnetism and mechanical rotation.

Although I am explaining about the two phenomena
with a big attitude now, I am ashamed to admit that
I did not understand well about them back in 2010.
Particularly, the Barnett effect, the fact that magnetism
is generated as a microscopic phenomenon when we
rotate an object, came as a huge surprise to me.

Frankly, I thought “A magnetic field appears by
rotating an object. Is that for real?” You know, I'm an
NMR person. In the NMR world, for a long time, we
have used the method of measuring the NMR spectrum
of samples while rotating them, and it has been thought
that there is no magnetic field generation according
to rotation of samples. We rotate samples to improve
the resolution of NMR measurements, but what does
it mean that there is no chemical shift associated with
the subtle change of resonance frequency, caused by a
magnetic field from the rotating samples? The question
that came to my mind at that time, led to things to

develop in unexpected ways.

Challenging taboo of the NMR field

H. Chudo: I was working as hard as I could but it did
not go well. When I thought there was no way but to
change direction, the Barnett effect crossed my mind. I
wanted to address

the question that kept lingering on my mind.

To begin with, I raised the question with my
supervisor at the time, Prof. Hiroshi Yasuoka, and
asked him for advice on measuring the Barnett
magnetic field by using NMR. His immediate answer
was "Don't do that! The NMR industry will be
disoriented or in trouble if something like that is found.”
The reason is that in the field of high-resolution NMR
for molecular structure analysis, NMR measurements
have long been performed while rotating the sample

to improve resolution, and a vast amount of theory and
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experiments had been accumulated on the assumption
that rotation does not generate a magnetic field so far.
I felt like that the Barnett effect, which generates a
magnetic fleld due to rotational motion might be a taboo
subject to mention in the NMR world. That means my
research could become an inconvenient truth.

Although 1 felt sorry for Prof. Yasuoka, I couldn't
help but find ways to make experiments a success to
answer the unsolved question in my mind. As a result,
I ended up in a serious situation as advised by Prof.
Yasuoka...

To seek a second opinion, I consulted with Dr.
Mamoru Matsuo who is a theorist.

When I asked him if the Barnett magnetic field
was really a magnetic field, he said it was surely a
magnetic field. According to him, the Barnett magnetic
field is an inertial force, which comes out when there
is a centrifugal force or an acceleration, like we move
forward in a suddenly stopping car. His advice was
that the measuring apparatus itself must be rotated at
high speed in order to measure the Barnett magnetic
field.

What? You are joking! It will totally break the devicel
-I was desperate to figure out what to do. The basic
structure of NMR is that the pickup coil measures
the induced electromotive force generated by the
precession of the magnetic moment of the nucleus.
Basically, the resonant circuit and the pickup coil are
connected by a wire so that they cannot be rotated
at high speed. But I created an idea to use mutual
induction to obtain the signal by wirelessly connecting
the pickup coil. That's how I finally saw it. The Barnett
effect!

In 2014, the results of these experiments which
successfully measured the Barnett magnetic field
in solids using NMR, were published, and the paper
was selected as the Editor's Choice of a journal in the
applied physics field. I thought that this resolved the
discrepancy between NMR and the Barnett effect.

One thing I am worried that it might have a big
impact and caused serious problems because NMR is
also used in MRI diagnosis. As a matter of fact, it did
not. That was a good thing.

The investigation committee was set
up by the journal!

H. Chudo: However, it was the summer in 2018 that
the editorial department of the journal received a

mail from a leading figure in the NMR field. It claimed
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“The Barnett effect does not existl Measuring rotation
of samples is meaningless because NMR shift can be
explained enough by simply rotating the coill”

Normally, the editorial department would not have
accepted such a mail, but the sender was prominent
enough to appear in textbooks. Moreover, the editorial
department, suddenly set up a special committee to
investigate the paper without even contacting us. When
I first submitted this paper to Nature, our experimental
results were highly rated by reviewers in the field of
high energy physics, whereas reviewers in the field of
NMR made negative comments on, so I was kind of
prepared to receive such evaluation. Nevertheless, it
never occurred to me that the investigation committee
was set up by a single mail.

As I mentioned earlier, the NMR industry has
considered that the nuclear spin is isolated from
rotational motion by the reason that rotating samples
does not cause a shift. Therefore, they think that there
is no point in rotating the sample as far as the cause of
the shift can be explained just by rotating the coil.

On the other hand, our claim is that rotation of
samples always causes inertial forces to work in the
rotating sample, so rotating samples has a meaning and
it can't be ignored. We repeatedly tried to explain it to
the person who sent us the negative comment, but our

claim was not accepted.

Giving a detailed refutation

H. Chudo: Under such circumstances, the
Investigation committee came up with its final report.
The report concluded that the experiment itself had
been conducted correctly, but that I was wrong in my
interpretation of the experiment, which supported the
claims of the big-name researcher.

Not being convinced at all by this report, I decided
to rebut the report's conclusions and his claims. As a
researcher, I was determined to stick to the physics 1
believed in.

The bottom line was to prove that the nuclear spin in
a rotating body is not isolated, but is clearly affected by
inertial forces in the rotational magnetic field. I exerted
myself to find the way how to demonstrate it.

As a result, I found out that completely different
spectra could be obtained in the respective cases that
the sample and coil were rotated simultaneously, only
the coil was rotated, and only the sample was rotated,
by using the nuclear quadrupole resonance (NQR)

measurement technique. Through NQR, it became clear
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that nuclear spins are subject to inertial forces due to
rotational motion.

Humans had believed in the geocentric theory for a
long time, but Foucault's pendulum demonstrated the
Coriolis force, which is an inertial force that occurs in
a rotating coordinate system, proving the heliocentric
theory. However, with the apparatus I developed, the
inertial force acting on nuclear spins was identified,
and It may be an exaggeration to say that I have
sublimated NMR to the heliocentric theory.

So, I think everything has become clear after I
debunked him and the investigation committee, but
he still insists that it does not prove that magnetic
fields are generated by the inertia of the rotational
motion, except the spin interacts with the rotational
motion, The journal has published the paper because
they want to comments and replies to the interesting
discussion, but basically I think the debate over the

rotating magnetic field is still going on.

My poor grades in university led to
the research for magnetic materials

H. Chudo: I loved to make things from a young age,
and I always watched a TV show called "Dekirukana?”
(means “can I do it?”). It was an educational show for
children by NHK on crafts. My parents told me that
the house was filled with things I had made.

During my undergraduate years, I devoted myself
to boxing for four years without studying at all. When
starting to lose weight for the matches, I could not
do anything and hardly attended any classes. I can't
say I was not a great boxer, but I became the captain
of the boxing club and was awarded for good skill
in the Kansai Boxing League. After I had achieved
satisfactory results, I decided to stop boxing.

So, as an underachieving student with very poor
grades who needed special attention, I had no choice
but to go to the laboratory for magnetic materials
majoring in materials engineering, which was least
popular in my third year.

It is true that it was not a voluntary choice at all,
but I had thought vaguely of studying basic science to
create something new in the future, so I thought that
studying magnetic materials would not be a bad idea.
After I retired from the boxing, I worked hard on my
studies and passed the graduate school exam with top
grades. Also, I think it was a good thing that I was
able to move my research field to spintronics, which is

relatively close to the applied field, by an unexpected
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coincidence when I was a student. In the future, I
would like to do more practical research and create
something new, which is one of my vague thoughts.

Keep thinking until it appears in your
dream for your research

H. Chudo: 1 think the most important thing for
research is to keep thinking. When you keep thinking
as much as you can dream about something and then
block out a thought, there comes the moment that
something pops out and the dots become connected on
it out of nowhere. Anyway, I'm the type of person who
can't stop thinking about things I have questions about.

My dream is to continue my research on magnetism
and create something new that will turn common sense
upside down.

As I am from Osaka (Osaka is a traditional merchant
town, and its people are thought to have merchant
spirit), I also dream of starting a venture for making big
money and enjoying a happy retirement life (laughs).

But there is one thing that I never want to change up

until now and from now on, is to be genuinely serious

about my research, in front of nature.

() BIEE NMR EEREBOE Yy 77 v 7340 (h)EFEEEO—%— (B)11—031 >
Pickup coil for wireless NMR signal detector(left) High-speed rotating rotor (center) 1 Euro coin(right)

HBR%/—N Vol.28 No.1 February 2022

8



	基礎科学ノート43号_for Web 6
	基礎科学ノート43号_for Web 7
	基礎科学ノート43号_for Web 8
	基礎科学ノート43号_for Web 9
	基礎科学ノート43号_for Web 10
	基礎科学ノート43号_for Web 11



