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Historical Development of Analog Disc Recording Technology and Artifacts Now in Existence
— Shift from Mechanical to Electrical Recording Methods for Longer Duration Recordings, and Stereo Sound —
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B Abstract

Chapter 2 of this study, titled “From the Advent of Sound Recording to Its Overwhelming Acceptance,” touches on related
developments, as follows. The history of analog recordings dates back to 1877 when American inventor Thomas Edison came up
with a new phonograph that enabled users to record sound onto a recording cylinder and replay that audio. In 1887, just 10 years
later, German inventor Emile Berliner created the gramophone. The era from that time up until the end of the World War | was one
where the cylinder-based recording medium competed with the disc-based medium. Later, the disc medium which was more
conducive to mass replication went on to dominate in the realm of analog recordings.

Chapter 3 of this study, titled “Birth of Acoustic (Mechanical) Recording and Acoustic Players,” describes developments in Japan
with respect to audio recordings, as follows. Toward the end of the 19th century, Japan began importing wax cylinder audio devices.
At the beginning of the 20th century, already-established Western record companies began making recordings in Japan, and then
reproduced those recordings back home for export to Japan. In 1909, a Japanese company began manufacturing disc-shaped records
(single sided 78-rpm records, 10-inches in diameter), which were released under the “Nipponophone” label. One year later, in 1910,
Japan'’s first domestically produced gramophone player was released..

Chapter 4 of this study, titled “Arrival of the Electrical Recording Era,” describes circumstances ensuing after the end of the World
War |. This era marked the advent of broadcasting, the success of which hinged on numerous developments such as with respect to
vacuum tube and microphone technologies. Such efforts ushered in an era in analog recording, beginning in 1924, where electrical
recording offering superior audio quality came to replace earlier mechanical recording technigues that did not use electricity. Initially,
users of gramophones would have to make their own recordings for playback sometime later. However, it became easier to mass-
reproduce analog recordings with the advent of electronic recording, where records could be produced using conductive analog
record masters with pre-cut grooves. Whereas this enabled distribution of analog recordings of music, it also gave rise to issues with
respect to the piracy of music recordings.

Meanwhile, up until the introduction of magnetic recording devices in 1950, broadcasters would create program content using
disc-based recording equipment, one prime example of this being coverage of the Berlin Olympics in 1936. Japan also embarked on
development of disc-based recording equipment offering performance and audio quality exceeding that of equipment from overseas,
with the intent of using it in what were to have been the 1940 Tokyo Olympic Games. However, whereas the eventual cancellation of
those games meant that those devices were ultimately not used for that purpose, they would later be used in broadcasting the
imperial edict that brought World War Il to an end. During the immediate pre-war to post-war era many Japanese engineers engaged
in original development efforts, which yielded breakthrough technologies such as Filmon sound belt devices which offered up to
36-minute recordings, the disc recording equipment mentioned previously, broadcast microphones, and magnetic recording devices.
These technologies would go on to form the foundations of consumer devices developed in Japan after the war.

Chapter 5 of this study, titled “Longer Duration Analog Recordings and Shift to Stereo Sound,” traces such developments. First, the
chapter overviews developments with respect to methods for picking up sound with microphones and sound field reproduction. It then
goes on to trace changes in sound pick-up and recording technology from the recording stage to that of editing, mix down, and cutting
(disc mastering), both analog and digital. The chapter then touches on the topic of integrating recording and playback equalizers, and
that of test recordings that draw on recording disc calibration methods and monitoring of recording devices. Explanations are also
given with respect to development of technologies for correcting recording disc playback distortion and those for cutting grooves on
recording media with up to four channels of audio. The latter half of Chapter 5 touches on technologies for manufacturing read-only
records and looks at improvements in materials used in making records. More specifically, this section provides details on
developments with respect to conductive properties of master recordings, use of electroplating techniques with lacquer masters,
manufacturing processes for master plates, mother plates and stampers, and record manufacturing processes. It also touches on
changes with respect to base materials used in making records, and adds details about the flexidisc format (flexible records) and other
special types of records. The chapter later introduces the subject of developments in record player technology, providing details about
pick-up cartridges, tone arm and phono motors, throughout the respective gramophone, tuner equipped player and stereo set.

Chapter 6 and later chapters delve into background details necessary in understanding technological developments. Chapter 6
goes into changes in the record and record player industries, and trends with respect to factory shipments. Chapter 7 looks at various
standards, such as international, Japanese and industry standards related to recordings. Chapter 8 delves into numbering schemes of
the International Standard Recording Code and respective means of copyright protection. Chapter 9 conveys details about artifacts
still in existence.

As this study suggests, American companies played a large role in the early days of analog audio recordings. On a more limited
scale, Japanese engineers fueled by a passion for such technology also developed superior technologies, on par with those coming
from the U.S. Some prime examples of this include the likes of Koichi Tsubota who developed a superior cutter head, Naotake
Hayashi who developed a world-leading condenser pick-up and condenser “ear speakers,” and Masaru Ibuka who developed magnetic
recording devices for consumer use. Many other world class consumer devices were later conceived of in Japan, including noteworthy
developments with respect to the introduction of practical digital recording applications in the 1970s and development and market
launch of compact disc technology 10 years later. Meanwhile, some have asserted that digital technology is unlikely to surpass levels
achieved using analog means in areas with a close connection to the arts. Going forward, it is hoped that audio engineers from Japan
and other countries will mobilize their collective talents and knowledge in order to overcome such hurdles.
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Historical Development of Silver Halide-based Color Photographic Paper
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B Abstract

Over most of human civilization, painting was the only means of recording images. However, that changed some 180
years ago with the invention of silver-halide photography which enabled humankind to record true-to-life images.

The earliest photographs were directly etched onto photographic plates, but in a relatively short amount of time other
methods emerged, which would go on to become the norm, whereby images were transferred from photographic plates and
printed onto photographic paper. Initially, Europe was at the center of developments in photographic technology, with
America also commercializing photography soon after its invention. Whereas photography itself found its way from Europe
to Japan relatively early on, commercialization of light-sensitive photographic materials didn't start until the 1880s, around
40 years after the advent of the technology.

Although photography experts had been seeking ways to create color photos beginning in the late 19th century, the type
of color photography that we are all familiar with today didn't come into being until the 1940s, during the Second World
War. After the war, Japanese manufacturers set their sights on the color photography market, and embarked on efforts to
catch up with the technology of European and U.S. manufacturers. Consequently, Japanese manufacturers rapidly gained
ground on European and U.S. manufacturers thanks to tenacious development efforts on the part of Japanese engineers,
effective teamwork across different sectors, constructive rivalries among numerous domestic manufacturers, and surging
Japanese demand for photography-related products in the 1970s. By the mid-1980s, Japan’s efforts to develop the
technology led to its becoming the worldwide leader of the industry.

Light-sensitive silver halide photographic materials offer a wide range of applications, including uses in media for black-
and-white/color photography and photographic light-sensitive materials for cinematography, commercial uses in the printing
industry and other sectors, and applications such as x-rays films in the field of medicine. This study of historical
developments in technology looks at the color photographic paper for making color prints, familiar to consumers. At the
same time, we look at the history of photo printing materials that paved the way for the development of color photographic
paper, and overview historical progress that led the way to today’s color prints.

Our findings show that the history of technological developments with respect to paper for color photography is one of
engineers seeking solutions that would deliver consumers beautiful images quickly, and provide them with photos resistant
to fading over long periods of time. In technical terms, three factors posed significant challenges: 1) color reproducibility, 2)
image durability, and 3) speed of photo developing. To bring about improvements in those areas, engineers came up with a
string of technologies in the areas of paper support, silver halide emulsion, layer structures, couplers and anti-fading agents
and other organic materials, and also with respect to photo developing solutions and equipment. This study describes
efforts taken with respect to individual materials in terms of stages in the development of such technologies.

In a mere 70 years following the advent of silver halide-based paper for color photography, development efforts delivered
several results: 1) With respect to color fidelity, manufacturers successfully came up with the technology for color photos
that vividly and faithfully depicted subject matter, from the previous technology that delivered photos with low saturation
levels and unsatisfactory color. 2) With respect to image durability, in just 20 years, from 1970 to 1990, researchers
improved storage longevity sixteen-fold with respect to the life of cyan image pigmentation under dark storage conditions.
Meanwhile, over the span of 50 years, from 1942 to 1992, researchers brought about a 400-fold or greater increase in the
longevity of magenta dye, which is the least robust dye on exposure to light. 3) With respect to the photo developing
process, researchers successfully reduced the time it takes to develop photos fifty-fold, from the previous 42 minutes to
just 52 seconds with the fastest minilab systems (1999). Over 60 years, from 1942 to 2000, development efforts also
brought about a ten-fold decrease in the amount of silver coating on color photographic paper.

Although efforts to develop photographic paper for color prints did not directly result in other new technologies, other
forms of print media like ink-jet did benefit from the increased performance of such paper with respect to attributes such as
color reproduction and image longevity. Also, image processing technologies developed for digital minilabs now play a role
in face detection and image quality enhancing technologies used in digital cameras, smart-phones and digital-printers.

The market for silver halide photography has been rapidly diminishing since around the year 2000 amid the growing
prevalence of digital cameras beginning in the mid-1990s. This has led to a scenario of increasingly fewer manufacturers
who produce light-sensitive photographic materials. By looking back on the history of these sorts of technological
developments from our current vantage point, it is hoped that this study will provide some measure of support in future
efforts to develop new technologies.
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Historical Development of Laser Disc (LD) Technology with Respect to Efforts to Hasten Its Technological Development and Practical Application
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B Abstract

In the early 1970s, primarily European and U.S. manufacturers embarked on research and development efforts
into so-called video disc technologies (formats) for recording video signals to disc. Among those efforts, Philips
and MCA conducted fundamental research on the laser disc (LD) format whereby a laser beam scans data
recorded on an optical disc, and the reflected laser beam signal is used to simultaneously detect a pickup control
signal and to extract video and audio data from it. With the LD format, the surface of the disc containing the
stored data is not exposed to the atmosphere, while the pick-up head that reads the optical signal does not need
come into contact with the optical disc. Tracking is done by servo system, without any tracking grooves on the
disc. Therefore, the LD format offered the promise of high performance in the form of laser discs which are easy
to handle, random access to video content, and durability of the overall system.

Nevertheless, the original LD systems presented many unresolved issues that had to be addressed in order for
the format to lend itself to practical use. For instance, whereas the laser is a key component of LD systems, only
vacuum-tube units were available at the time. Also, firms in the electronics industry were not yet familiar with the
field of optical instrument design, which greatly impeded the potential for success of the format. A third issue that
needed to be resolved was that of the need for a different technological approach from that of relying on electrical
circuits containing various servos for detecting the optical read signal and servos for controlling the motor that
rotates the optical disc. Meanwhile, beyond issues with the LD player itself, any success of the technology would
also hinge on development of new technologies for manufacturing optical discs. For instance, there was a need
to develop a new process for making the cutting master disc, created by exposing the photoresist master disc to
light using a mastering machine equipped with a laser, and for making molds (stampers) for mass production from
that master disc Also a new process was needed for depositing reflective coatings on the optical signal side of
the disc after the resin injection molding phase of production.

Pioneer Corporation began focusing its efforts on the LD format in 1977 when it adopted technology from MCA
in an attempt to make the LD video disc format practical and commercially viable. The company looked beyond
development and production of LD players, striking out on its own in a wide range of development ventures
including that of developing and producing optical discs, along with efforts to amass LD software content. In
1979, Pioneer unveiled the PR-7820, the world’s first-ever LD player for industrial use. Then in 1980, it launched
the VP-1000 LD player for consumer use in the North American market, and in 1981 released the LD-1000 on
the Japanese market. Subsequently, in 1983, Pioneer developed and began marketing its LD-7000 unit, the
world’s first LD player drawing on semiconductor laser technology. At the time, the company was a global leader
with respect to the development and launch of LD products, equipping players with an improved LD format
featuring the addition of CD audio on discs to accompany the video signal, and Dolby 5.1 channel surround-
sound, as well as the development and market launch of players offering LD and CD format compatibility and
others featuring compatibility between the LD, CD and DVD formats.

Manufacturers had high expectations with respect to the LD format, predicting that it would revolutionize the
way video content was published. Accordingly, companies pursued myriad applications for the LD format beyond
that of consumer use, such as in the areas of business and industry, education, video-based exhibits and image
libraries. Laser disc karaoke players made full use of the technology, given that it enabled users on-demand
access to video content without the need for them to come into contact with the media itself. A large market
developed for laser disc karaoke units, which came to be used not only in pubs, bars and other eating and
drinking establishments, but also in the form of private karaoke rooms equipped with such devices and family
karaoke systems. Indeed, the units were the driving force behind the advent of what would become an
international karaoke phenomenon, even extending beyond the Asian continent.

Although for the most part Pioneer Corporation single-handedly developed the laser disc business, many
competing manufacturers began to enter the market after the 1982 launch of the CD format using the same
reflective-mode optical disc system and Pioneer’s 1984 launch of its player that featured LD-CD compatibility.
With that, the market expanded to other manufacturers offering LD players equipped with proprietary technologies,
including OEM products and players, such as Sony, Yamaha, Matsushita Electric, Sanyo Electric and others.
Whereas the laser disc business had shifted into full gear by 1980 and hit its peak in the early 1990s, the end of
the product category later became evident amid a decline in demand for karaoke devices, a shrinking market
overall, and the release of the DVD format in 1996.



From a business standpoint, the laser disc format ultimately turned out not to be the major success story that
had been hoped for, with the exception of the karaoke devices. Nevertheless, the subsequently-launched CD,
DVD and Blue-ray formats, which carved out expansive markets worldwide, basically drew on the same reflective-
mode optical disc technology as that of the laser disc format, but with differences in terms of disc capacity,
recording density, laser wavelengths, and recording signals. Moreover, numerous electronics manufacturers, as
well as producers of optical components and chemical materials, were able to take part in efforts to develop and
bring about practical application of laser disc technology, a fact that doubtlessly acted as a catalyst in building a
leadership platform for Japanese development of optical disc technologies.

Before the LD era, Japanese manufacturers would often create reliable products drawing on technologies
developed in Europe and the U.S., which they would then supply to global markets at reasonable prices. The
trajectory for the laser disc was different in that, whereas fundamental development took place in Europe and the
U.S., Japan led the drive toward making the technology practical as well as commercially and industrially viable.
Moreover, laser disc technologies formed the foundations for what would become Japan’s position as a global
leader in the technological and product development of the CD, DVD and Blue-ray optical disc formats.
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Historical Development of Personal Computer Technology
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B Abstract

The mid-20th century saw the advent of the world’s first computers, followed by inventions of the transistor and integrated
circuit, and rapid development of computers using such semiconductor technology in the subsequent half century. The world’s
first microprocessor, the 4004, came into being in the early 1970s. Whereas the 4004 CPU featured four bits on a single chip,
later engineers would develop an eight-bit microprocessor, which in the latter half of the 1970s was put to use in the Apple II,
the first ever personal computer, made by Apple Computer, Inc.

In creating the personal computer, engineers sought a device that could be used by individual consumers, meaning that such
machines would have to be reasonably-priced, compact, and readily operable by computing novices. However, the first eight-bit
PC did not lend itself to easy operability by typical consumers, given that the devices could only be operated through user-written
computer code. Later, when the 16-bit processor became a reality, IBM Corporation began selling its IBM PC featuring a 16-bit
CPU, for which it adopted an open strategy. Designed to operate with existing software packages, the new machine came into
widespread use in the business world. However, its character-based user interface (CUI) meant that to manipulate the device
users had to enter operating commands through a keyboard.

In 1984, Apple Computer, Inc. began selling its Macintosh computer, which featured a graphical user interface (GUI), which is
now standard, adopted from a computer dubbed Alto developed by Xerox Corporation’s Palo Alto Research Center (PARC). The
Macintosh computer featured a mouse and had graphics display capabilities, thereby introducing a more intuitive means for users
to operate PCs.

Beginning in the latter half of the 1970s, several Japanese companies also began to develop their own PCs. The first to go
on sale was a microcomputer training kit which came in an eight-bit, and later 16-bit model. Among the major achievements
emerging from personal computers created in Japan is the introduction of systems based on the Japanese language, which would
lead to computers operating in languages other than English, and the development of commercially viable “notebook” PCs.

An expansive character set is required in order for a computer to operate in Japanese, needed to accommodate the many
katakana and hiragana phonetic characters and kanji ideographic characters (based on Chinese ideographic characters) used in
the language. In that regard, engineers explored various means of enabling kanji-character input, including direct and multi-stage
keyboard methods, and eventually came up with a “kana-to-kanji” conversion method whereby the user would enter characters
on a kana-scripted or alphanumeric keyboard before converting them to kanji characters. This led to the commercial viability of
Japanese-language word processors which eventually boasted widespread business and household use, and featured technology
that would later come to be used in personal computers. Although the earlier eight-bit machines could not handle the Japanese-
language character set, the advent of 16-bit CPUs made such systems possible. The first such computer, NEC’s PC-9801, was
introduced in the early 1980s. The new machine was equipped with improved graphics capabilities thanks to its 16-bit CPU
along with memory designed to process the Japanese character set, thereby making the notion of high-speed computing with the
Japanese language a reality. The growing prevalence of the PC-9801 led to retail sales of Japanese-language word processing
software, which in turn came to be put to the task of preparing documents in Japanese using personal computers.

Engineers would go on to make smaller and lighter devices in response to consumer demands for portable PCs that could be
used anywhere. Japan led the world in pioneering hand-held computers, developing the first such device in the early 1980s, and
would later go on to create commercially-viable laptop computers with functionality on par with that of desktop units. Japanese
firms continued to develop increasingly smaller and lighter devices, culminating in Toshiba’s Dynabook computer, a small and
portable A4-file-sized unit that went on sale toward the end of the 1980s. With the Dynabook and other such computers based
on “lighter-thinner-smaller” technologies developed in Japan led the world in what was known as the notebook computer product
category, with various Japanese companies successively introducing a string of remarkable products to the market, thereby
paving the way for making personal computers a mainstream product.

The latter 1980s saw the advent of the 32-bit microprocessor, which was followed by the dawn of the Internet. In 1995,
Microsoft’s release of its Windows 95 operating system, which enabled better access to the Internet with its graphical user
interface (GUI) computing environment, helped popularize PC-based online computing. As such, e-mail correspondence and
online browsing through PCs with Internet access became increasingly commonplace, laying the groundwork for today’s
information-based society. The emergence of smartphones and tablet computers in the 21st century ushered in a trend away
from PCs and made computer technology an even more integral part of our everyday lives.

Now that it has been nearly 40 years since the birth of the PC, a transition to a new age of computing seems to be under
way. Accordingly, this study on the history of personal computer technology investigates successive developments that brought
about today’s personal computing technology, from the earlier mainframe and office computer phases, and looks at how that
legacy has been preserved in Japan. Corporations are gradually discarding equipment that could provide insight into an important
bygone era. Some formerly ordinary PC units still in existence now represent an important part of our technological heritage, and
accordingly should be preserved. This study reports on details that have come to light and furthermore helps preserve knowledge
of roles played by personal computers registered by the National Museum of Nature and Science as important examples of
Japan’s technological heritage worthy of preserving for future generations (“Essential Historical Material for Science and
Technology”). Furthermore, this study reaffirms contributions attributable to industrial technologies of Japan that have hastened
humanity’s knowledge of science and technology, and that furthermore hold potential with respect to future progress.
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