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Summary
LSI (large-scale integration) and the HDD (hard disk drive) which 

records information have played major roles in the progress of 
computer technology in the 20th century.  It is not an exaggeration to 
say that the miniaturization and the increasing capacity of the HDD 
have created the information society through the Internet.  Further-
more, what is giving behind-the-scenes support to the attainment of 
the next-generation system such as cloud computing is the ever-
increasing capacity of the HDD by means of the perpendicular 
magnetic recording method.  Prof. Shun-ichi Iwasaki, through inspira-
tion from the research of the magnetic recording principle, has devel-
oped the perpendicular magnetic recording method, which is more 
advantageous in attaining higher capacity in comparison to the 
conventional horizontal magnetic recording method.  Since he 
advocated this method to the world in 1977, he has continued research 
and development for the practical application thereof.

Higher capacity hard disk as the goal
The HDD was developed as a magnetic recording device for the 

U.S. computer "IBM 305 RAMAC" in 1956.  Its structure was 50 
magnetic disks of a 60 cm diameter stacked one on top of the other, 
and the overall size of the device was equivalent to 2 large refrigera-
tors.  Despite its size, the data capacity was about 4.8MB.  Thereafter, 
with the progress in computer technology, miniaturization and higher 

verify his ideas, Prof. Iwasaki repeatedly made prototypes of magnetic 
heads and magnetic layers, and at last he became confident to the point 
that he could say, "the perpendicular magnetic recording will bring 
about a revolution in magnetic recording."  He received an enthusias-
tic response when the results of his studies were presented at the 
international conference in Los Angeles in 1977.

Paving the way for the next-generation information society
　Coming into the 80's, universities around the world formed research 
centers for the study of the perpendicular magnetic recording method.  
Japanese electronics manufacturers also embarked on the research and 
development thereof, but implementation seemed still far into the 
future.  Unlike the horizontal magnetic recording method with an 
approximately 100-year history, with the perpendicular magnetic 
recording method, it was necessary to start research on the magnetic 
heads and recording media from scratch.  In addition, there were 
technical innovations with the horizontal magnetic recording method 
as well, and higher capacity storage devices were being achieved.  
There were very few researchers willing to venture into the field of the 
perpendicular magnetic recording method.

　In such an environment, Prof. Iwasaki who continued to pioneer the 
perpendicular magnetic recording method with Tohoku University as 
his base, had a conviction.  He called it, a "20-year rule," adding that 
"in order for a technology to pave the way to a new generation in the 
true sense of the word, it would take more than 20 years for it to be 
established."  In this way, he spurred young researchers on to continue 
the research.  Additionally, he continued to advocate to the world the 
superiority of the perpendicular magnetic recording method by reveal-
ing its technology. 

　It was not until after the year 2000 that the "times" finally caught up 
with this innovative technology.  The Internet has become widespread 
to the point that anyone can access the enormous amount of informa-
tion around the world, and not only characters and images but also 
videos have come to be used tremendously.  Further increase in capac-
ity was sought after, and once again the limitations of the horizontal 
magnetic recording method were evident.  With the horizontal 
magnetic recording method, the magnets are aligned in the magnetic 
field direction, thus affecting the nearby magnetic force.  Therefore, it 
is not possible to reduce the size of the magnets beyond a certain level. 

　Meanwhile, as research into the perpendicular magnetic recording 
method had been conducted in persistent and steady manner, research-
ers were able to commercialize their technology at this turning point.  
In 2005, a Japanese electronic manufacturer was the first in the world 
to develop an HDD using the perpendicular magnetic recording 
method.  In 2006, major global HDD manufactures began production 
of HDD using the perpendicular magnetic recording method, and in 
2007 the production of such reached 500 million worldwide, resulting 
in a significant generational change in HDD.  In the year 2010, it is 
estimated that all HDDs produced worldwide will be switched to the 
perpendicular magnetic recording method.

　At present, "total digitalization" where all intellectual properties 
around the world are shared via the Internet, is being proposed.  The 
perpendicular magnetic recording method founded by Prof. Iwasaki 
shall continue to make contributions to society as the basic technology 
which will achieve the dream of the new information society.

capacity HDD was attained, and in the 1990's, even personal comput-
ers (PC) came to be equipped with HDDs of approximately 20MB.  In 
the latter half of the 1990's, music, graphics and videos came to be 
saved onto files, prompting an even further increase in capacity.  
Presently, HDDs of approximately 500GB are used for home PCs, 
which is 100,000 times that of the "IBM 305 RAMAC."

As mentioned above, HDD has been progressing with higher 
capacity as the goal, but from around the year 2000, theoretical limita-
tions to this progress were pointed out.  With regard to magnetic 
recording, the horizontal magnetic recording method was used from 
the advent of tape recorders.  However, with this method, further 
capacity increase was difficult.  Then, a generational change from the 
horizontal magnetic recording method to the perpendicular magnetic 
recording method took place.  Prof. Iwasaki developed the perpen-
dicular magnetic recording method more than 30 years ago, and has 
continued a steady and persistent research ever since.  When it was 
found that the horizontal magnetic recording method could not keep 
up with the developments in the information society, the potential of 
the perpendicular magnetic recording method came to be recognized.

Shedding light on the basic research of magnetic recording
　After graduating from the School of Engineering at Tohoku 
University in 1949, Prof. Iwasaki joined Tokyo Tsushin Kogyo (now 
Sony Corporation).  However, at the recommendation of his professor 
and mentor Prof. Kenzo Nagai, who is known for the development of 
the magnetic recording method (AC biasing method) which is used in 
tape recorders, he decided to go back to the university in 1951 to 
further pursue his studies in magnetic recording.  Prof. Iwasaki 
worked in analysis of alloys which are used as magnetic material for 
magnetic tapes in audio recording.  As a result of his research, minia-
turization and improved sound quality of tape recorders were 
achieved.  However, Prof. Iwasaki's interests extended to the clarifica-
tion of the magnetic recording principle itself.

　Tapes and disks which are used for magnetic recording have a 
magnetic layer on the media surface.  Small magnets are considered to 

be aligned on the surface, and by means of an external 
magnetic force, the direction can be changed to 
record signals.  With conventional technology, the 
direction of these magnets is parallel to the tape and 
disk surface, thus called the horizontal magnetic 
recording method.  Prof. Iwasaki accurately verified 
the state of the magnetic material recorded under the 
horizontal magnetic recording method.  As a result, 
he discovered that a magnetic layer exists not only in 
the horizontal direction but also in the perpendicular 
direction as well, and depending on the balance, the 
magnetic recording can be done in a horizontal 
direction.  At that point, Prof. Iwasaki's thought was, 
"if the balance were to be changed, the magnetic 
recording can be done in a perpendicular direction." 

　At that time, it was thought that if the magnets 
could be aligned in a perpendicular direction, 
theoretically, the signal recording density would be 
dramatically increased.  In addition, if the magnetic 
layer were to be magnetized to record the signals, the 
south and north poles on the signal magnet would be 
magnetized one next to the other, thus increasing the 
recording density in a steady manner.  However, little 
progress was seen in the technical research into the 
practical application of these findings.  In order to 

Field: Industrial Production and Production Technology

Shield film

Bilayer 
medium

Recording 
layer

Soft magnetic lining layer

GMR device

Recording medium Recording field

Ring-type 
recording 
head

Single 
magnetic 
pole-type 
recording 
head

Recording field

Shield film

GMR device

Horizontal magnetic recording method and perpendicular magnetic 
recording method

Principle of horizontal 
magnetic recording 
(conventional system)
A ring-type recording head is used.  
Because the magnetic field in the 
horizontal direction is applied to the 
surface of the magnetic layer, the 
direction of the magnets is also 
horizontal.  The magnetic field of the 
adjacent magnets overlap, so the signal 
is weakened.

Principle of perpendicular 
magnetic recording
A single magnetic pole-type 
recording head is used.  By applying 
a bilayer structure with a soft 
magnetic lining layer to the medium, 
the field intensity in the perpendicular 
direction was strengthened.  The 
signals are intensified with the 
adjacent magnets.
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Summary
Since the Industrial Revolution, human economic activities have 

continued to expand, making the earth a relatively smaller place.  
Prof. Peter Vitousek, an expert in ecosystems ecology, has been 
studying the material cycle of such nutrient elements as nitrogen and 
phosphorus in the ecosystem.  Based on the aforementioned 
research, Prof. Vitousek has made pioneering achievements in the 
field of "biogeochemistry," which analyzes how various factors 
influence the ecosystem.  From his achievements, he has pointed out 
the serious effects human activities have on the global environment 
as well as potential solutions for solving global environmental 
issues.
 
Environment from the perspective of the material cycle

Living organisms survive by adapting to the environment, but at 
the same time they affect the environment in one way or another.  
The academic field which sheds light on the interrelationship 
between the environment and living organisms is ecology.  The 
English word ''ecology'' was coined in 1866 by a German biologist 
Ernst Haeckel.  Thus, the concept of ecology has quite a long 
history. 

Furthermore, what led to further development in ecology was the 
great discovery in the field of chemistry in the 19th century of the 
nitrogen cycle.  Nitrogen is an essential element which constitutes 
protein, but most living organisms are unable to use the nitrogen in 
the atmosphere.  Nitrogen-fixing bacteria which have the ability to 
fix the nitrogen from the air, and produce ammonium and its 
derivatives and which are then consumed by plants.  In turn, animals 
which consume the plants are able to use the nitrogen, and through 
the food chain, nitrogen accumulates in the ecosystem.  Thereafter, 
through the activity of denitrifying bacteria, nitrogen is again 
released into the atmosphere, and the cycle continues. 

Within the study of ecology, ecosystems ecology focuses mainly 
on the energy-matter interaction which occurs between living 
organisms and non-living matter.  This academic field has presented 
numerous methods of ecological analysis one after another.

The ever-changing ecosystem
Prof. Vitousek, is presently known as a leading authority in the 

field of ecosystems ecology, but he first obtained a Bachelor of Arts 
in political science in 1971.  Thereafter, he took an interest in 
ecology and earned Ph.D in biological science in 1975.  With such a 
diverse perspective, Prof. Vitousek has been seeking to find a new 
field of research in ecosystems ecology from that time.  He has 
found that while conventional ecosystems ecology focused their 
research on the material cycle at the present time, his thought was, 
"just as society and economics undergo changes with time, the 
material cycle must also undergo changes with time.  That is an 
essential part of the ecosystem."

Field:  Biological Production and Environment
The subject  of  research 

chosen by Prof. Vitousek in 
the 1980's was the Hawaiian 
Islands in the North Pacific.  
The Hawaiian Islands were 
formed by volcanic activity, 
and its characteristic is that it 
is situated in a straight line 
according to  the  order  of  
formation.  Through the study 
of the material cycle of the 
r e spec t ive  i s l ands ,  P ro f .  
Vitousek thought that  the 
dynamics of the material cycle 
could be clarified. 

The result was more than 
anticipated.  Prof. Vitousek 
focused his research on the 
nitrogen and phosphorus cycle 
which are growth elements of 
plant life.  However, on new 
lava islands which have only 
been in existence for a few 
hundred years, the plants only 
received a small supply of nitrogen from the lava.  On the other 
hand, the older the islands became, the more nitrogen had 
accumulated in the ecosystem.  In contrast, with regard to 
phosphorus which is supplied from the earth, the older the island, 
the more deficient it became, as it would have been washed away.  
In this way, it was observed that the material cycle in the 
ecosystem is not as stable as it was once thought to be, and that it 
is changeable, being affected by various environmental factors.

Among such factors that have the greatest influence at the 
present time are human activities.  Prof. Vitousek made clear that 
plant life on the islands adapt to the material cycle, so when exotic 
plants are imported, the material cycle is altered, endangering them 
even to the point of extinction.  In addition, the agriculture of the 
indigenous cultures after being influenced by the Europeans 
resulted in substantial effects on the material cycle of the 
ecosystem.
 
The sizable impact of human activity

The foregoing research proved to be very influential on Prof. 
Vitousek's later research activities.  The reason being, the changes 
in the material cycle of the Hawaiian Islands is the epitome of what 
has been happening on a global scale.  Prior to the 19th century, 
nitrogen of the ecosystem was primarily taken in from the 
atmosphere by means of nitrogen-fixing bacteria from the soil.  
However, with the invention of chemical fertilizers in the 
beginning of the 20th century, an enormous amount of nitrogen, 
the same amount or more, would immediately be released into the 
environment.  According to Prof. Vitousek's article compiled in 
1997, the quantity of artificially-fixed nitrogen is up to 140 million 
tons per annum.  Of that quantity, intensive legume cultivation in 
farms constitutes 25 to 40 million tons, 80 million tons are from 
chemical fertilizers and 20 million tons are from fossil fuels.  Prof. 
Vitousek, in numerous study reports, continues to point out how 
nitrogen excess resulting from human activities have caused river 
and coastal pollution, acidification of soil and groundwater and 
decrease in biotic diversification.  Subsequently, Prof. Vitousek 
has contributed substantially to establish a new field of research 

called biogeochemistry and analytical methods thereof.

In the 1980's, various factors which threaten the global 
environment such as global warming, depletion of the ozone layer, 
acid rain and desertification were coming into light, making Prof. 
Vitousek's fear a reality.  In order to clarify what issues face 
mankind, his endeavor was to reveal how much humans dominate 
the various services provided by the ecosystem to the planet earth.  
It was found that of the photosynthetic production of the terrestrial 
ecosystem, approximately 30-40% is used directly or indirectly for 
human activities. This and other changes in the ecosystem are 
something not perceivable by the human eye.  Prof. Vitousek has 
revealed such through the material cycle data.  His studies not only 
sound a warning about the profound effect that human activities 
have on the ecosystem, but provide an essential indication for 
policymaking pertaining to environmental issues.
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Older islands
Nitrogen is abundant through biological 
activity.  Phosphorus on the surface is 
washed away by rain and is limited in 
supply. 

Newer islands
Nitrogen is scarce.  Yet, plants which 
adapt to the environment can grow. 
Phosphorus is abundant, provided 
through weathered lava.  




