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B Abstract

Viewing the history of technology as a whole, the latter half of the 1970s had been one hundred years
since Edison introduced a sound-reproducing system using a wax cylinder, and the world was awaiting the
rise of a new technology. Meanwhile, NHK Science & Technology Research Laboratories had begun their
research and development into using digital communication technology for audio broadcasting. After a long
period of fundamental research, their first prototype of a digital recording device was presented to the public
in 1969, heralding the dawn of digital audio. Heitaro Nakajima, then Director of NHK Broadcasting Science
Research Laboratories, was the man responsible for this fundamental research. Nakajima later accepted an
offer at Sony Corporation and became responsible for its audio business, developing digital audio and CD,
achieving what led to him being called “the father of CD” and “the father of CD-R” and culminating in his
name being engraved in a Medal of Honor with Purple Ribbon from the government of Japan. In retrospect,
although the time was ripe for digital audio, no manufacturer had developed concrete product ideas. However,
in March 1979, Philips, a company in The Netherlands, visited Japan with a prototype of what later became
the compact disc. This made a great impact on Sony. It promptly agreed to negotiate directly with Philips
and to commercialize the product, then followed this with agile action. The technical details and the product
concept for the compact disc were determined by June of the following year. This compact disc system
proposed by Sony and Philips was unveiled with ceremony to persons involved with music and recording
at Salzburg in April 1981, followed by announcements in New York in June and in Tokyo in October.
Commercialization began the following year, in the autumn of 1982, but its widespread adoption was in
1985 and beyond. On the other hand, the fundamental technology for digital audio had been in development
for more than ten years, playing a large role in securing and storing master recordings.

The conditions at the dawn of digital audio in this survey report is based on 7he Challenge for Next-
Generation Audio and memoranda by Heitaro Nakajima, and the sequence of events leading up to the
birth of the compact disc is based on memoranda by Masahiro Mizushima, who was a member of Sony’ s
negotiation team at the time. Descriptions of optics and digital signal processing technologies forming the
core of this technology are based on papers and documentation published by persons in the field. Also
described are the CD “family” which followed and continued to grow, how the computer-friendly CD-ROM
was born, and how the concepts of “multimedia” and “interactive” were established and came to be put
to practical use across a broad scope of applications, including consumer games. Described, too, is how,
once the CD-ROM ( “read-only” ) appeared on the scene, a compatible CD-R ( “recordable” ) became a
necessity in order for consumers to create their own CDs, and, despite concerns about copyright violations,
CD-R media production rapidly expanded, with the CD-R becoming the most mass-produced product in
human history. Finally, a chapter is spent discussing the cultural revolution thought to have been triggered
by the CD, however, this systemized survey is not an academic paper but a record of a valuable industrial
technology on the decline.

Today, in which network reigns, CD-DA remains a rare case as it still plays the major role as an audio
distribution medium. According to the history of technology, it had been destined to be replaced by new
media or systems by the start of the 21st Century. However, the fact remains that, though 35 years have
passed since its release, no medium has emerged to supplant the CD. What had the late Karajan, the one
who had valued and supported the CD the most, seen in its future through his keen foresight? On the other
hand, CD systems were heroes made by the times which sped fleetingly through the last 20 years of the 20th
Century. They grew into the greatest packaged media system of all time as the technology was fortunate to
match the market and the times, creating a large group of related industries. It is a fact that the technology
which matured on this foundation was passed on to the current world of networks. CD systems have, for
the large part, finished serving their purpose, but the brilliant history of its technology—formulating abstract
technology to the level of industry—is affirmed to conclude this abstract.
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B Abstract

Charles K. Kao of the British research center, STL (Standard Telecommunication Laboratories) proposed
the potential of silica optical fiber as a long-distance transmission medium in 1966. At first, NTT (then
Nippon Telegraph and Telephone Public Corporation) had doubts about Kao's proposal, but eventually
started optical fiber research in 1971, just after the 1970 achievement of 20 dB/km optical fiber loss (at a
wavelength of 0.6328 um) by the U.S. glass manufacturer Corning. NTT was also largely encouraged by a
1974 Bell Laboratories report on 1.1 dB/km loss (at 1.02 um) attained by using the modified chemical vapor
deposition (MCVD) method, and in 1975 rapidly organized a joint R&D program with three Japanese cable
manufacturers, Sumitomo Electric, Furukawa Electric, and Fujikura Cable. They improved the MCVD method
to open the longer wavelength windows of 1.3 um and 1.55 um for silica optical fiber and attain the ultra-low
loss of 0.2 dB/km at 1.55 um. They further succeeded in establishing the Japan-originated vapor-phase axial
deposition (VAD) method, highly suitable for the mass production of optical fiber. Today, approximately 60%
of optical fiber in the world, and over 90% in Japan, is produced using VAD.

In conjunction with the above-mentioned progress of optical fiber fabrication technology, semiconductor
lasers operating at 1.3 um and 1.55 um wavelengths were developed, together with other key technologies
(such as optical fiber connection, cable fabrication and installation) required for constructing practical optical
fiber transmission systems. In 1981, multimode optical fiber transmission systems of 32 Mb/s and 100 Mb/
s were introduced into NTT's public communication network. In February 1985, just prior to the privatization
of NTT, the 400 Mb/s trunk line, running through Japan lengthwise—a distance of 3,400 km from Asahikawa
to Kagoshima—came into service using VAD single-mode optical fibers. This became the first full-fledged
single-mode optical fiber telecommunication network in the world.

Since then, a tremendous increase in transmission capacity has been achieved mainly by 1) the progress
of time-division multiplexing (TDM) technology with higher-performance lasers and dispersion-controlled
single-mode fibers, 2) the invention of the optical fiber amplifier, 3) the adoption of wavelength-division
multiplexing (WDM) technology, and more recently by 4) the development of digital coherent technology.
Today, even trunk line systems with a 10 Th/s (100 Gb/s x 100 wavelengths) capacity per fiber are in
commercial service. This is five orders of magnitude larger than the capacity in 1981 (100 Mb/s).

As for access systems, which have more exacting economical requirements than trunk line systems, fiber-
to-the-home (FTTH) service using passive optical network (PON) architecture started in earnest in 2001, and
the number of FTTH subscribers in Japan is expected to exceed 30 million by the end of FY 2017. With
increasing numbers of smartphone users, even the mobile communication networks are supported by optical
fiber lines up to the antenna base station, with just the last mile being a wireless connection.

Though the technologies making up today's optical fiber communication networks cover a wide range
of both hardware and software, this survey focuses on the development of silica optical fiber—the ultimate
transmission medium ever invented by humankind—and describes the history of Japan's world-class optical
fiber communication technologies.



B Profile
A IEX
EF R EEEERMEEREHR S 4 —FERES

BRI 48 4E 3 H MUK TR RF AR - T Wi 14

HRE T

HABREBELAL (BINTT) Atk Dok,

WFOR, AERET7 748, TL—F ¥k

ol B D WFZE B S (e 3

BT 53 4 12 1 S D BEOCF R RICBI 3 2 W78 THO 1%
KEF X O T2 525

WA 57 42 H A F@ENZENT (CRC) ZRIiZe R (14 1H)

P 8AETHIWHIRES A —Y A Y MIHDbY, NTTHT

L7 hua= 2 AR,

NTT Kk LI E. NTT S B

G FTERT R & IRAT

NTT =L 2 bu=r 2#X&4 (NEL) A

. ORI (H AT PR g4 1)

[l - HeAbii & NEL 7 = 1 —

Masao Kawachi

WA 48 4F 4 /]

P17 427 A

PR 2147 H

TR 26 43 A ALz R R
PR 29 4R 4 1 SR I A S B S YR e v

¥ —EAEWAR

ATHHBEF £ %% (7 20—), TEEE 7z 10—

B Contents

1. (Z UEDIT evvvvrreerrrmmmmnneeerenniinneeeeeeiiinnn, 112
2. FOBIEDTRHAIFH ---vvvvrvreeeeeeeremmmmmmmmnnnns 115
3. EERRERHNT 7 A )NDFE oo 123
4. MCVD EZDWRTHANEE LI

B DRTEG oo rreerrrrrrrreeeeeeennnnn 136
5. BADBERUCEEME [VADE] - 145
6. MEADK T 7 A IVBIEV AT LRERE

ﬁﬁﬁ{t%ﬁ .......................................... 1 64
7. %@?&@%@Wg ................................. 186
8. BT ceeeervrernrreeeremmineeeiie 196




MEYE - MEERIREINTORGLRAE

Systemized Survey on the Technologies of Antibiotics and Antibacterial Drug Discovery

| w4}

EF& ﬁg Takeshi Kusama

m =5

NEYMEEVWSEEDERIF. ARNVI MLV VERERLIEEILYY - DYy IRAIVICKDREENBD
T. BREICWZRBXZVUYPANVTRMNRAY VDRI IC “MWEMICIDEESIN. MEYOEEZELET S
ME” £EN%., LH L. BEEDAEZBNE LT, (EEEMECKDEISNICHMEREOERIXE STt
DEEEL., AEEEVTCEELSREIZE LU, COREETEIAMEBZF LS. MEYE - NEFAIREHO
FHLREL L. TORRDERS JURIREMORFHEICOVWTRELEE L. . JOREHRESEOH
TlE. MDAEIPHRIAILRE] (CNZEREYVEICSHIEREH D) [FRE. MEYEZH LT THE (RE
BH) [CHTIEREEZLTLD,

HANSIFAD 70 FHIFIORBERFI TORVE,. RRESAIFZEDEFEAEDNBRRED ETHD, L
ERFFESICEICEDRCHDKIT L. EEFPLEEEZRDICEZLDALHINSHKFRORRZEELT. Z0D
FRRZHEICHFEEL. ALVDORIZZEHUESSICENZEREETULoc. BESHERURELCEYE - E
E(F, SFELFEXE, BREZREIDNSHBBEULCULEIETH D, EF. HAPDEIERE, TNICERHIERE
FENZEMECERROFRZSHIEN, ZOHFEENFEZAVTCTVDD.,. RUEEDHEEATEINS, =
FEREEDNANBOELICKRIFUCRERFG ETOBHVESZF > TULEETH D, COBEHDEHNEDKLS K
BRIETHR - ARIN. EQOLSBALDEBHICI>THIEESNTEDZE 2~6 BICF LD, FEDTA
MU, BEROZBZEREEITERDHIFOMAZT ZOEE ZRAICANZETZUCEYOHRT, HREEDD
WEZDHRICHUTESEEETHD. DA MLZERNE. ZRFLABEDEEZIERCEIDDEER
%, Fle. REUEDBE(CHEL). RIRINIEA. BZHMTICDOWVWTIIOIEEKRDERIIICE L. E7E 1~6
IBEERELTHREYE - MEREEZ 6 DOJIL—TICFEH T, EX2OEFOBEEREETL. EELTHS
DHREDRE UIBRENCDWVWTEWC, REICINSDFERITHASNDETH > ICHEDFEICDWVTHEE
<gclLfc.

FHREZEFIUTOLSFEBHTIESNTUS,

18. [FUBIC
2E. BRFEOEESLUHENER (BE IRZHLIEE)
3E. HICREZABYMEDRL (MEMDFA)
45, BEOEANERDT (EZEEEIOFREEE)
5. FDE (RZVUVOREBLUBHER)
BE. BULWRZ b - &% EDREIL
7E. EH
78 1. PIZ/EEERIEVE KBHEEEREYS)
7E2. o054 RREYE
7E3. ¥F/O0VRNTEE
784. BSUILFMEYE (RFLR. BSIIY—CHEE. HILIIRXLRIEE)
785. BSUILFMEYE (ET7ILF)
7 £ 6. ZOMONMERLMMEEORRE
8E. BHbIC



B Abstract

The definition of the word “antibiotic” was proposed by Selman Waksman, who discovered streptomycin,
and is strictly defined as ‘any substance produced by a microorganism that is antagonistic to the growth of
other microorganisms,” such as penicillin or streptomycin. The history of using antibacterial agents created
by chemical synthesis to treat infectious diseases had started well over half a century earlier, and such
agents had played a vital role as therapeutic drugs. This report both systematically surveys the technologies
of antibiotics and antibacterial agent discovery, and examines and reports on the history of their development
and of the systemization of drug discovery technology. In this survey report, antibiotics are defined as drugs
targeting bacteria (pathogenic bacteria), excluding anticancer agents and antiviral agents (some descriptions
include these in antibiotics).

In the long period of time since antiquity until the end of World War Il only around 70 years ago, references
to illness almost always pointed to infectious diseases, and such infectious diseases remained mortal
illnesses. Many people, especially in medicine and chemistry, strove to conquer these illnesses. They made
every effort to uncover their causes, discovered weapons to fight them, and refined such weapons. The
antibiotics and antibacterial drugs that they discovered and developed, if used wisely, can cure infectious
diseases at the source. In recent years, the gravity of cancers, heart attacks, and lifestyle diseases including
high blood pressure and diabetes have been highlighted and their therapeutic drugs have received focus.
However, in the context of long human history, the impact of antimicrobial agents has been monumental.
Chapters 2 to 6 detail the events in how drugs in this area were researched and developed, describing the
efforts of all those who discovered them and pioneered their development. The titles of each chapter are
suitable translations of expressions used by well-known Western historians of science and engineering in
their books about the researchers or their outcome as they scrupulously researched and wrote down the work
of researchers at the time. These titles should give a clear overview of this systemized survey. In line with the
purpose of systemization, the discovered drugs, agents, and technologies are written about chronologically
as much as possible. Chapter 7-1 to 7-6 discusses in detail antibiotics and synthesized antibacterial agents
grouped under six categories, with the history of development of each and the roles played by Japanese
researchers. The counterattack by the bacteria which were supposed to be culled by these drugs and agents
is also briefly discussed.

The structure of this document is as shown below.

Chapter 1. Introduction

Chapter 2. History of Infectious Diseases and Social Background (in Japan since Late Edo Period)

Chapter 3. The War with Invisible Foes (Microbe Hunters)

Chapter 4. Seeking the Magic Bullet (the Pioneer of Chemotherapy)

Chapter 5. The Miracle Drug (the Discovery and Rediscovery of Penicillin)

Chapter 6. The War against the White Plague—Tuberculosis

Chapter 7. Discussion in Detail

Chapter 7-1. Aminoglycoside Antibiotics (Water-Soluble Basic Antibiotics)

Chapter 7-2. Macrolide Antibiotics

Chapter 7-3. Quinolone Antibacterial Drugs

Chapter 7-4. B -lactam Antibacterial Drugs (e.g. Penams, Carbapenems, (8 -lactamase inhibitors)

Chapter 7-5. B -lactam Antibacterial Drugs (Cephem Antibacterial Drugs)

Chapter 7-6. Other Antibacterial Drugs and the Problem of Resistant Bacteria

Chapter 8. In Closing
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B Abstract

The history of photography spans almost 200 years, and the cameras which capture them have also been
around just as long. However, early cameras were large wooden boxes in the style of furniture, not precision
instruments as are today’ s cameras. Although they became smaller thereafter with the evolution of photo-
sensitized material, the box shape was still the norm at the end of the 19th century. It took a certain amount
of time since the invention of the photograph for the camera to break away from the box and become an
object which is all-metallic, compact, and precise.

The prototype built by the genius Oskar Barnack as a hobby using 35 mm film changed the course of
camera history. This report covers the history of camera before this event in chapter 2, and the sequence of
events after the birth of this camera prototype in chapter 3.

This camera was put into mass market after World War | under the name Leica. This small camera, with
a feel of precision far from the norm of the day, became widely used as people embraced its portability and
ease of use. This innovation came to affect the design and the technology, even of today, about 100 years
since its birth.

Other companies followed with competing models. The field developed dramatically as Contax, a rival
model introduced by camera industry leader Zeiss Ikon, competed with Leica. Chapter 4 of this report covers
the sequence of these events.

Competition in developing Leica and Contax was fierce. Meanwhile, the world was heading toward World
War 1l. Its dark shadow brought a major influence on the evolution of cameras as compact optical military
weapons. In Japan, as well, the foundation was laid for compact camera development, as Leica copies were
produced as required by the military or imitations were made out of curiosity. This came to be the budding of
compact precision cameras in Japan.

During the war, production of cameras for civilian use was interrupted. However, manufacturers appeared
after the war, resuming production or changing their course from the optical weapon industry, making use of
accumulated technology. They were joined by those attempting camera production for the first time. Perhaps
the feeling of precision and the presence exuded by the camera touched the heartstrings of the Japanese.
A pragmatic aspect of this was that camera production, high in added value compared to the raw materials,
was perfect for Japan, a resource-poor country.

Aided by special demand generated by the Korean War, the Japanese companies were closing in on the
German companies, which had been forging ahead at the forefront of compact precision cameras. However,
they were given a harsh awakening at Photokina 1954 with the release of Leica M3. Facing the reality that
they were outperformed by a few paces in almost all areas, Japan was given a great shock. Yet again, the
Japanese camera industry was saved by the changing times. As the photography culture diversified, the tide
turned away from rangefinder models like Leica toward single-lens reflex cameras (SLRs). 35 mm SLRs also
originated in Europe, however, since skillful mechanisms were required to overcome their shortcomings,
development in Europe progressed slowly. The outcome was that SLRs made great strides in Japan after
the shock of Leica M3. Conquering the various shortcomings of SLRs one by one with idea and effort
and continuing to supply low-cost, high-quality product in harmony with the craftsmanship in their nature
resulted in Japan gaining the top global share of the camera industry by the 1960s, ahead of West Germany.
However, it is also true that, during that process, many manufacturers inferior in originality or development
capability were eliminated. Such processes of migration to SLRs and the background of the times are
covered in chapter 5.

Chapter 6 examines the evolution and development of the many SLR functions led by Japan, especially
the path to automation, from the viewpoint of functions. The original vertical-travel shutters, downsizing
of cameras, automatic exposure, autofocus technology—these were independently developed by Japan,
solidifying its position. This place has not changed in recent days since the times have moved on to digital
cameras.

Of the long history of cameras, this report is restricted to the 35 mm focal-plane shutter models which
started with Leica. It was written avoiding a technical report format throughout, with the intention for it to be
easy to read for many people with an interest in cameras.
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