
 

Interview

 

Dr Toshimitsu Musha has spent the last
25 years clarifying the source of 1/ƒ fluc-
tuations. One of his major contributions
to science has been the discovery that bi-
ological rhythm is basically subjected to
1/ƒ fluctuations with the result that vis-
ual, auditory and sensory stimuli all
show 1/ƒ fluctuations. Dr Toshimitsu
Musha is Director of Brain Functions
Laboratory Incorporated and The Insti-
tute of Fluctuation Phenome-
na Incorporated.

 

OBI:

 

 Can you briefly describe
why you became interested in
Johnson or 1/

 

f

 

 noise? (

 

OBI:

 

 “one
over f “).

 

Dr. Musha:

 

 Well, it’s a long story
but as I recall, I graduated from
Tokyo University in 1954 and
joined the research laboratories
of 

 

Den-Den-Kou-Sha

 

, or 

 

ntt

 

 as it
is now called, where I worked on
negative resistance in gas dis-
charges in vacuum tubes. As you
may know, gas discharges are un-
stable and noisy. That meant that
it was difficult to apply the re-
sults of this research, so I went on
to look at how electromagnetic
waves travel through gas a plas-
ma. Those were the two main
topics of research I studied. I left
the company in 1964.

 

OBI:

 

 Why did you leave?

 

Dr. Musha:

 

 I was not satisfied
with the policy towards basic re-
search. In a major change of di-
rection, the scale of basic research
was sharply reduced. I told the
laboratory director on a number
of occasions that “it is easy to
stop basic research but much
more difficult to reactivate it”. I was only in
my thirty’s, and there was little chance of
the director’s paying any attention at all to
what I said.

 

OBI:

 

 So what did you do?

 

Dr. Musha:

 

 I sat and passed the Fulbright
Scholarship examination for exchange
scholars and decided to go to 

 

mit

 

. I did not
tell my company that I was going to sit the
exam and the director reacted strongly
against my action for “deciding on my own
future”. A very strange state of affairs! But
anyway, I went to 

 

mit

 

 in August 1964 and
carried out research on plasma discharges
with a team that was working on nuclear
fusion. I worked at The Research Laborato-

ry for Electronics, which was housed in the
only wooden building in 

 

mit

 

. The building
still stands today. The main emphasis of re-
search in the group that I joined was on
semiconductors and so I shifted research
direction from gas plasmas to semiconduc-
tor plasmas. Actually, before going to 

 

mit

 

, I
was asked by a professor at The Swedish
Royal Institute of Technology if I would be
interested in setting up a group at his Insti-
tute. I told him that I had already decided
to go to 

 

mit

 

 but that I would be glad to go

to Sweden after my stay at 

 

mit

 

. So, after
staying at 

 

mit

 

 for a year I went to Sweden
in 1965 for a year.

 

OBI

 

:

 

 What did you do in Sweden?

 

Dr. Musha:

 

 I continued my work on insta-
bilities in plasmas. During this time I was
asked whether or not I would be interested
in returning to Japan and work at Tokyo
Institute of Technology. I thought about it
and decided that it might be a good idea to
return to Japan. But the problem was that
the offer of a position had to be approved
by a professorial committee and the results
of the meeting were difficult to predict.

 

OBI

 

:

 

 Yes – the offer of a possible job, but
no guarantee. So how did you overcome

this problem?

 

Dr. Musha:

 

 I wrote a letter to The Director
of The 

 

rca

 

 Research Laboratories in Tokyo
asking him if he would allow me to work in
his Laboratories while I waited for the re-
sults of my application to 

 

tit

 

. Thankfully,

 

rca

 

 gave be a research position in August
1996. My post at 

 

tit

 

 post was confirmed in
November of the same year.

 

OBI

 

:

 

 What type research did you do at 

 

tit

 

?

 

Dr. Musha:

 

 Initially I worked on semicon-
ductors and, in particular, the helical insta-

bility of InSb in a magnetic field.
That phenomena was problem-
atic but we were able to solve it.
Afterwards I again studied noise
fluctuations in electrical dis-
charges; the same theme that I
had pursued at 

 

Den-Den-Kou-
Sha

 

. 

 

OBI

 

:

 

 What do you mean by
noise in this context?

 

Dr. Musha:

 

 There are four types
of noise associated with semicon-
ductors; thermal noise, shot
noise, generation-recombina-
tion noise and 1/ƒ noise. The
first three types of noise were well
understood at the time but 1/ƒ
noise was still a mystery. 1/ƒ
noise was first observed in vacu-
um tubes by Johnson in 1925.
He published his results in Pro-
ceedings of 

 

ire

 

 but it was not
known as 1/ƒ noise at the time.
In fact, there was so very little
known about the source of the
noise that I decided to carry out
research to try to find out more
about these strange noise fluctu-
ations. 

 

OBI:

 

 Was research related to noise
phenomena being carried out at

 

tit

 

 at the time?

 

Dr. Musha:

 

 No, but there was
one group working on the frequency stabil-
ity of quartz oscillators. The results of their
research showed that under extremely sta-
ble conditions, only the 1/ƒ fluctuations of
the frequency remained. We also observed
a correlation between temperature and fre-
quency fluctuations and how the spectrum
of the frequency fluctuations depends on
temperature stability. We found that when
the temperature is extremely stable, then
the fluctuations are independent of the
temperature and only the 1/ƒ spectrum re-
mains. This is the case for atomic clocks.
Being interested in the field, I attended the
annual International Frequency Standard
Conference held in America. There were

 

Oyo-Buturi  International



 

many interesting presentations such as ob-
servations of 1/ƒ noise in transistors; 1/ƒ
fluctuations in the terminal voltages across
a resistor when a current is passes through
it; 1/ƒ fluctuations in atomic clocks; 1/ƒ
fluctuations in the earth’s rotation and so
on.
I suggested to the organisers of the confer-
ence that an interdisciplinary approach
would be required to solve the problems of
1/ƒ fluctuations and that it would be a
good idea to organise an international con-
ference on the subject.

 

OBI:

 

 What was the response to your pro-
posal?

 

Dr. Musha:

 

 Many participants agreed with
my proposal but volunteered to be an or-
ganiser. So I decided to organise the first
such interdisciplinary international sympo-
sium.

 

OBI:

 

 When was that symposium held?

 

Dr. Musha:

 

 In 1977. Being interdiscipli-
nary, there were people from various back-
grounds, including, electronics, physics,
biology and astronomy. There was a very
interesting paper presented by F. Voss of

 

ibm

 

 Watson Labs. He found that acoustic
frequency fluctuations of most pieces of
music contain 1/ƒ fluctuations. I was really
intrigued...The conference was then held
every two years changing locations between
Japan and 

 

usa

 

.

 

OBI:

 

 Why did you decide to look at 1/ƒ
fluctuations in living cells and, more par-
ticularly, human beings?

 

Dr. Musha:

 

 That was pure coincidence. In
1976 I moved labs from the 

 

tit

 

 Ookayama
campus in Tokyo to the newly built Nagat-
suda campus in Yokohama. Now, the Na-
gatsuda campus is on the Den-En-Toshi
line and, on the same line, is the large the
Showa University Medical Hospital, near
Fujigaoka Station.

My associate professor at the time used
that line daily, as did a doctor working at
the Showa Hospital. They happened one
day to sit next to each other and, after in-
troductions the doctor explained that he
had a problem in diagnosing heart prob-
lems. Although the doctor wanted to make
a detailed study of the potential distribu-
tion in the region around the heart for di-
agnosing patients with heart trouble, there
was no apparatus available for the purpose.

 

OBI:

 

 And did you collaborate in finding a
solution?

 

Dr. Musha:

 

 Yes. We adapted our technolo-
gy for mapping semiconductor equipoten-
tials to make measurements in the human
body. I think that our results helped to
make a significant scientific contribution
to society.

We analysed many 

 

ecg

 

 results and, to
our surprise, we found clear evidence of 1/
ƒ fluctuations in the 

 

ecg

 

 spectra. That was
1982 and the first time that 1/ƒ fluctua-

tions were observed in the “rhythm” of liv-
ing organisms. I wanted to carry out fur-
ther experiments on heartbeats, and by
looking at large neurons from “African
snails”, I was able to confirm that the pulse
trains from neurons do indeed show 1/f
fluctuations.

 

OBI:

 

 Did you investigate why they were 1/
ƒ fluctuations?

 

Dr. Musha:

 

 We found by using computer
simulations where living cells were mod-
elled mathematically with the inside being
negative and outside positive that the ion
current slowly leaks away until there is a
sudden release of current, after which the
process starts once again. From such simu-
lations we were able to confirm that the dis-
charge interval showed 1/ƒ fluctuations
provided that a leaking ionic current is sub-
ject to 1/ƒ fluctuations just as that in semi-
conductors. So the discharge process was
one source of the 1/ƒ fluctuations.

 

OBI:

 

 Do your results explain some of the
observations about 1/ƒ fluctuations in clas-
sical music?

 

Dr. Musha:

 

 What I found was a close rela-
tionship between the acoustic frequency
fluctuation of music and that of biological
rhythm fluctuations. External stimulation
evokes a comfortable sensation in the body
when it has the same fluctuation as the bi-
ological rhythm fluctuation. It seems that
music that we consider to be good and en-
joyable to listen to has 1/ƒ fluctuations in
it. There are exceptions in very modern
music.

 

OBI:

 

 What other aspects of 1/ƒ fluctuations
have you studied?

 

Dr. Musha:

 

 We have also investigated vis-
ual 1/ƒ fluctuations. We have found that
humans find patterns that have a 1/ƒ fluc-
tuation to be more comfortable and relax-
ing. The design of offices, streets, cars and
so on, can all be made more appealing by
using the results of our work on 1/ƒ fluctu-
ations. Our results even show that tradi-
tional Japanese houses, with tatami, shoji,
and the use of wooden pillars, are built
with 1/ƒ fluctuations. That is why they are
more comfortable than the modern mass
produced housing units.

 

OBI:

 

 Are there any other examples of the
application of 1/ƒ fluctuations to making
life more comfortable?

 

Dr. Musha:

 

 A few years ago I was ap-
proached by 

 

miti

 

 and asked how to reduce
helicopter noise in order to encourage
more people to commute by helicopters.
Apparently, the noise from the rotors is the
main reason why helicopters are not a pop-
ular as a means of transport.

I said that reducing noise would require
using more insulation which would make
helicopters heavier and difficult to fly. So
my proposal was not to reduce the noise
but to make the rotors turn with 1/ƒ fluc-

tuations; to turn the helicopter into a “mu-
sical instrument”. The idea of changing the
rotor frequency or doing anything at all to
the rotor was rejected out of hand by all the
helicopter manufacturers. However, there
is a way of realising this idea by hydrody-
namic control without changing the me-
chanical rotation. The mystery of the 1/ƒ
fluctuation has not been resolved for the
last 70 years and it will not be solved as
long as we stick to an “ensemble treatment”
in statistical physics. We need to introduce
new ideas and mathematical tools into sta-
tistical physics in order to clarify the situa-
tion. It is an exciting theme in both physics
and biology.

 

OBI:

 

 Can we change the subject now to the
main reasons for the increase in the
number of young children who lose inter-
est in science and technology while still at
school?

 

Dr. Musha:

 

 Children should be taught the
interesting aspects of science at school, be-
fore they go to university. One idea would
be for university academics to teach science
at local schools on a voluntary basis. I have
heard that this has been tried in Tsukuba
City; more use should be made of retired
academics as well. They could teach in
schools and show young children how
much fun science can be. It’s important to
do it at an early age when the experience
will have most impact on the children.

The problem now is that children are
too busy studying for 

 

juken

 

 (

 

obi

 

: school en-
trance exams). They need to play more; sci-
ence is a form of play from which new ideas
are born. They need the time and freedom
to think about more than just tests and ex-
ams. Society has become too efficient with
the loss of simple everyday comfort and the
time just to think.

 

OBI:

 

 What kind of person do you think has
most affected the 20th century?

 

Dr. Musha:

 

 I think that many physicists fit
that category of person, particularly those
who developed ideas in relativity and quan-
tum mechanics. They speculated about
things that could not physically be seen; it
was a special form of imagination that led
to many major proposals and discoveries.

 

OBI:

 

 What about the 21st century? What
kinds of science and technology await us in
take next 100 years?

 

Dr. Musha:

 

 It has been said that the last
ten years of this century have been the
“decade of the brain”. I agree with this. But
the first ten years of the 21st century will
no doubt be “the decade of the mind”. The
functions of the brain are medical issues,
but the mind and heart are areas in which
the general public have a deep interest.

 

OBI:

 

 Do you have any comments to make
about the recent experiments on cloning?

 

Dr. Musha:

 

 I think that our ideas related to

 

rinri

 

 or ethics need to be reviewed. You



 

cannot make laws and rules that say “You
must not do this or that,” because ultimate-
ly it will be our sense of ethical responsibil-
ity that will determine the future of any
new idea. The effective use of cloning tech-
nology is the issue; you cannot stop human
interest in the subject.

I have my reservations about the objec-
tives of medicine. Should life be prolonged
at whatever cost? Or is it better to let termi-
nal illness take its natural course? The eth-
ics of modern medicine are still based on
ideas that are outdated; the ethics of medi-
cine and medical care require reviewing.

 

OBI:

 

 You have worked with many people
from many different backgrounds and, in
some cases, different nationalities. How
have you managed to maintain such a wide
network of people to collaborate with? Al-
so, you seem to have changed your career
path almost every ten years. What reference
do you use for making such decisions?

 

Dr. Musha:

 

 Physics is natural philosophy
and a basis for interpreting what is happen-
ing around us. I think that you should try
to listen to others from your own perspec-
tive even when they are from different
fields from your own. This is a way of in-
creasing your human network. Moreover, I
think that one of the most important traits
of a researcher is 

 

shakousei

 

 or sociability.
When you want to know something new, it
is much more efficient, at least for me, to
call a friend instead of rushing to a library.
Also, if you know what you want to do and
can maintain the desire to do it, you will no
doubt have the chance to try out your ideas
during your lifetime. My research may
seem to have made turns several times but
the whole stream is connected by a causali-
ty chain inside. But meeting people has
triggered many new ideas.

As far as making decisions is concerned,
I am an optimist and once I have started on
a project I do my best to realise the aims. I
don’t really read a lot of books, but I enjoy
talking; I get a lot of ideas when I’m talking
with people.

 

OBI:

 

 Have you reached a final conclusion
about the ubiquitousness of 1/ƒ fluctua-
tions?

 

Dr. Musha:

 

 Yes I have. Energy partition in
a complex system in almost thermal equi-
librium must have 1/ƒ fluctuations. This is
the origin of many observations of 1/ƒ fluc-
tuations. True thermal equilibrium does
not exist in a classical sense of the meaning.
We have some experimental evidence to
prove this but it is not easy to explain this
idea mathematically. This is the present sta-
tus of our understanding of 1/ƒ fluctua-
tions.

 

OBI:

 

 Do you have any time for hobbies?

 

Dr. Musha:

 

 I don’t really have any hobbies-
I don’t play golf or mahjong! I enjoy travel-
ling, though, particularly by car or train,

but going to places by air does not appeal
to me.

 

OBI:

 

 And the future?

 

Dr. Musha:

 

 I have established two venture
laboratories and I want to combine them to
establish a small international research cen-
tre. This will be possible when the present
venture laboratories become profitable and
I have enough finance to support my idea;
it has already been partly realised.

 

Interview by Adarsh Sandhu

 

Further information

 

• http://home.ksp.or.jp/bfl/
index.html

 

•

 

Journal of Multidisciplinary Research

 

 
Vol. 11, No. 1, p. 892, April 1998
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Review: International
Patent Systems

 

A two part series of articles reviewing
the history of the modern international
patent system based on a review by Mr Fu-
mio Sato, an international patent attorney. 

The original Japanese text was translat-
ed into English by Dr. F.M. Saba, Toshiba
R&D Centre.

 

The present status

 

The move to a common international
set of procedures has progressed to such an
extent that there is usually little need to
worry about the differences. However, dif-
ferences remain which can cause problems
at times and even though the legal wording
may appear to be the same, the actual inter-
pretation may differ according to local tra-
ditions.

The Japanese Patents Office produces a
list of the differences between the patent
laws of about 160 nations and regions. (See

 

h t tp : / /www. jpo-mi t i .go. jp / in-

dex.htm

 

 for more details).

 

The Rise of Early Capitalism and the 
Birth of Patent Systems

 

A patent system is said to have existed in
the Athenian colony of Sybaris, which was

situated somewhere around the tip of the
Italian peninsula until about 500 B.C.
Sybaris prospered greatly on account of a
favourable climate and rich soils, but in the
battle with Crotona (the site of Pythagoras’
activities) it was totally annihilated, so that
its exact location remains unknown to this
day, though its echoes remain in the word
“sybarite”. The next time a patent system
appeared was in Venice with the enactment
of patent laws, in 1474 A.D. The fine de-
tails of these systems have been lost in an-
tiquity, but there are features common to
the background of both cases. These in-
clude the development of a market based
on trade, particularly the move towards the
use of gold currency, the rise of capitalism
through the accumulation of wealth, the
flowering of the arts and sciences (as shown
by the arts and sciences in Ancient Greece,
and likewise in Venice of the Renaissance
(14th to early 16th centuries)), and the de-
velopment of economies and scholarship
based on freedom of thought. In Athens,
against the doubts expressed by the elders
whether the new spirit of profit-making
brought in by foreign merchants had to be
accepted to such a degree that the old tra-
ditions of respect for the collection of city
states, order, rectitude, and simplicity
should be sacrificed, the Sophists declared
their approval of a break with the past and
are said to have extolled the beauty of the
motivation of individuals brought about by
the pursuit of personal wealth.

(In the legal world it had been held that
the law represented the will of the gods,
which was received and exercised by the
rulers of nations, but the Sophists put for-
ward the idea of “the rights of the mighty”
and that the law be the subject of debates.)

Patents systems thus appeared together
with the rise of capitalism as economies de-
veloped and the formation of markets
reached a certain level.

 

Confrontation between Trade
Capital and Industrial Capital

 

There are records that letters of patent
had been granted in England from about
the 14th century. At the time, England was
a developing nation and its capacity to pro-
duce gun powder was limited by the
amount of saltpetre which the King of
Spain authorised to be exported there.
However, by bringing in craftsmen from
abroad, England succeeded in producing
its own source of this strategic mineral.
England was also able to replace its bronze
canons with iron ones by using foreign
craftsmen. It was to guarantee the freedom
of these craftsmen from the guild system
that was the original purpose of these let-
ters of patent.



 

However, technological
and economic progress
changed the situation. For
example, as a result of the
establishment of a sea-route
to India by Vasco da Gama,
the price of spices fell dras-
tically.

(The price of pepper,
which was purchased in
East India at 2.5 to 3 ducats
per 100 pounds in weight
and sold in Lisbon for 40
ducats, fell to 20 ducats.
Trade is based on the prin-
ciple of buying commodi-
ties where the price is low
and selling them where
high prices can be obtained,
but if the capability for
transporting goods increas-
es, the price differential will
drop. The main reason be-
hind this increase in trans-
port capability came from
advances  in  sea far ing ,
which came about through
progresses in shipbuilding
technology together with
the development of Newto-
nian mechanics, astronomy,
and high precision chro-
nometers).

The King of Spain im-
posed penalties on selling at
low prices, but the advances
in transportation methods
diminished the profits of
the merchants. The financ-
es of the rulers were being
squeezed with increases in
military spending, which
were necessitated by the in-
troduction of canons, and
the move to a currency-based economy,
which replaced taxes in kind with the pay-
ment of taxes with currency. The desire by
merchants to secure profits through mo-
nopolies and the desire by the rulers to
prop up their finances resulted in the use of
letters of patent changing to become in-
struments for granting monopolies. For
this reason, it is said that the situation in
England became such that apart from the
air and flour everything had a patent, and
the resulting high prices bred discontent
amongst the masses.

With the influx of gold and silver from
the New World and the thriving textile in-

dustry at its core, industrial capital
strengthened its move out of the control of
trade capital, and the pattern of confronta-
tion between the ruling classes together
with trade capital arraigned against indus-
trial capital and the masses was formed.
What is said to be the first patent law, the
Statute of Monopolies of 1623 A.D., was
in fact brought in to remove all of these
monopolistic privileges apart from the let-
ters of patent granted for inventions.

The French Revolution likewise saw the
abolition of monopolies, except for the
privilege granted to industrial capital
through the letters of patent for inventions. 

 

The Industrial Revolu-
tion

and Patents 

 

The Industrial Revolu-
tion began in Britain, run-
ning from 1769 to about
1830. Britain became the
factory of the world, but it
implemented a strict policy
not to allow its colonies to
manufacture.

However,  as  the free
movement of products be-
came necessary, free trade
was called for, and seeing the
patents system as an obstacle
to this, a movement arose to
abolish it. Actually, in Hol-
land, a trade capital nations,
the patents system was abol-
ished (July, 1869, to 1912).
After a delayed start, Euro-
pean and American nations
each succeeded in carrying
out their own industrial rev-
olutions. In 1857, after the
first economic crash in Eu-
rope and America, each
country brought in protec-
tive tariffs to safeguard their
industries, and simultane-
ously the opposition to the
patents system melted away.

With this background
and the problem of protect-
ing exhibits to the Austrian
World Exposition, the Paris
agreement came into being
on 20th March, 1883. The
signatories promised the
same degree of protection to
the citizens of each of the
other signing nations as af-

forded to their own citizens.
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